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Germline RET 634 Mutation Positive MEN 2A-related
C-Cell Hyperplasias Have Genetic Features Consistent
with Intraepithelial Neoplasia

SALVADOR J. DIAZ-CANO, MANUEL DE MIGUEL, ALFREDO BLANES, ROBERT TASHJIAN, AND

HUBERT J. WOLFE

Departments of Pathology, Tufts University–New England Medical Center (S.J.D.-C., R.T., H.J.W.), Boston, Massachusetts
02111; Barts and The London Queen Mary’s School of Medicine and Dentistry (S.J.D.-C.), E1 1BB London, United
Kingdom; University Hospital of Seville (M.d.M.), 41009-Seville, Spain; and University Hospital of Malaga (A.B.),
29010-Malaga, Spain

C-cell hyperplasias are normally multifocal in multiple endo-
crine neoplasia type 2A. We compared clonality, microsatel-
lite pattern of tumor suppressor genes, and cellular kinetics
of C-cell hyperplasia foci in each thyroid lobe.

We selected 11 females from multiple endocrine neoplasia
type 2A kindred treated with thyroidectomy due to hypercal-
citoninemia. C-cell hyperplasia foci were microdissected for
DNA extraction to analyze the methylation pattern of andro-
gen receptor alleles and microsatellite regions (TP53, RB1,
WT1, and NF1). Consecutive sections were selected for MIB-1,
pRB1, p53, Mdm-2, and p21WAF1 immunostaining, DNA content
analysis, and in situ end labeling. Appropriate tissue controls
were run.

Only two patients had medullary thyroid carcinoma foci.
Nine informative C-cell hyperplasia patients showed germ-
line point mutation in RET, eight of them with the same an-

drogen receptor allele preferentially methylated in both
lobes. C-cell hyperplasia foci showed heterogeneous DNA de-
letions revealed by loss of heterozygosity of TP53 (12 of 20),
RB1 (6 of 14), and WT1 (4 of 20) and hypodiploid G0/G1 cells (14
of 20), low cellular turnover (MIB-1 index 4.5%, in situ end
labeling index 0.03%), and significantly high nuclear area to
DNA index ratio.

MEN 2A (germline point mutation in RET codon 634) C-cell
hyperplasias are monoclonal and genetically heterogeneous
and show down-regulated apoptosis, findings consistent with
an intraepithelial neoplasia. Concordant X-chromosome in-
activation and interstitial gene deletions suggest clone ex-
pansions of precursors occurring at a point in embryonic de-
velopment before divergence of each thyroid lobe and may
represent a paradigm for other germline mutations. (J Clin
Endocrinol Metab 86: 3948–3957, 2001)

THE IDENTIFICATION OF RET germline mutations in
multiple endocrine neoplasia type 2 (MEN 2) has re-

sulted in carrier detection and early diagnosis of C-cell hy-
perplasias (CCHs) and medullary thyroid carcinomas
(MTCs) (1–3). RET mutation seems to be necessary, but other
alterations should be required to explain the MEN 2 phe-
notypic heterogeneity and the differences between CCH and
adrenal medullary hyperplasias.

Clonality is still the hallmark of neoplasia and strongly
suggests acquired somatic mutations, providing prolifera-
tive advantage to a given cell population (4, 5). Clonality has
been studied by X-chromosome inactivation (XCI) assays,
which are based on the DNA methylation of many genes that
render maternal and paternal chromosome functionally non-
equivalent (6–8). The same point mutation or single nucle-
otide polymorphism (SNP) within all cells also implies a
common progenitor, (4), and it has been found associated
with loss of heterozygosity (LOH) of certain loci (9). LOH
should be linked to inactivation of tumor suppressor genes
(TSG) by DNA deletions, contributing to tumor cell selection

(4). These non-X-linked markers test clonal expansions as-
sociated to selective growth advantages (high proliferation
and/or abnormally low apoptosis) (4, 10–13), but they fail to
identify clones occurring prior to the presence of the genetic
lesion (9, 10).

This study investigates the clonal patterns of CCH asso-
ciated with MEN 2A (RET point mutation in codon 634) in
both thyroid lobes, based on the analysis of both the meth-
ylation pattern of androgen receptor alleles and TSG mic-
rosatellite patterns using microdissected tissue samples. The
kinetic features of such lesions are also analyzed.

Materials and Methods
Case selection

MEN 2A kindred with a Cys634 to Tyr substitution of RET proto-
oncogene (177 members, five generations) were screened for CCH/MTC
by basal and pentagastrin-induced calcitonin levels (14–16). All patients
fulfilled the clinical and molecular criteria proposed by the International
RET Mutation Consortium (17). Patients with pentagastrin-induced hy-
percalcitoninemia and/or RET point mutations underwent total thy-
roidectomy, the specimens being serially sectioned and completely em-
bedded for histopathologic diagnosis.

Appropriate archival material from both lobes was available from 11
females. We initially selected cases showing 50 or more C cells in at least
one �100 microscope field per lobe (18, 19). C cells were large, mildly
to moderately atypical, and confined within the follicular basement
membrane, but cytologically indistinguishable from invasive MTC (20,
21). One patient (case CCH-6) did not show RET mutation and was

Abbreviations: AR, Androgen receptor; CCH, C cell hyperplasia;
HPF, high-power field; ISEL, in situ end labeling; LOH, loss of het-
erozygosity; MEN 2, multiple endocrine neoplasia type 2; MTC, med-
ullary thyroid carcinoma; NF1, neurofibromatosis 1; TP53, tumor protein
p53; RB1, retinoblastoma; SNP, single nucleotide polymorphism; TSG,
tumor suppressor genes; WT1, Wilms’ tumor 1; XCI, X-chromosome
inactivation.
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excluded from further analyses. The same areas in consecutive sections
were used in each study, and their cellular composition was confirmed
in adjacent hematoxylin-eosin-stained sections.

PCR analysis of clonality and TSG microsatellites

One CCH focus containing at least 100 C cells (0.5 mm; Ref. 2) was
microdissected from each thyroid lobe (two 20-�m unstained sections/
focus). Appropriate controls (follicular cells, lymph node, peripheral
nerves, and thyroidal soft tissue) were carried out.

DNA was extracted using a modified phenol-chloroform protocol,
(22) and digested with HhaI (New England Biolabs, Inc., Beverly, MA).
Half of each sample underwent enzymatic digestion (0.8 U/�l), whereas
the remaining half was kept as undigested control. Both samples were
equally processed, but excluding HhaI in the undigested ones (10, 23, 24).
A mimicker (0.3 �g of double-stranded and XhoI-linearized �X174-RII
phage) (Life Technologies, Inc., Gaithersburg, MD) was included in each
reaction for digestion testing. Complete digestion was checked by gel
electrophoresis; incompletely digested samples were phenol chloroform
purified and redigested with higher HhaI concentration. HhaI was then
inactivated by phenol-chloroform extraction (22). DNA was precipitated
with ice-cold absolute ethanol in the presence of 0.3 mol/liter sodium
acetate (pH 5.2) and resuspended in 10 �l of 10 mmol/liter Tris-HCl (pH
8.4), 50 mmol/liter KCl, 1.5 mmol/liter MgCl2, and 100 �g/ml BSA.

The CAG repeat in the first exon of the human androgen receptor
(AR) gene was amplified using both digested and undigested DNA
templates (13, 23, 25, 26). The undigested DNA was also used for am-
plification of intron microsatellites at TSG (TP53, RB1, WT1, and NF1)
loci, according to the optimized conditions shown in Table 1 (25, 27). The
tests were run in a Perkin-Elmer thermal cycler model 480 (Perkin-Elmer
Corp., Norwalk, CT). The whole PCR volume (10 �l) was electropho-
resed into 0.75-mm thick 8% polyacrylamide gels, nondenaturing for the
AR product and 20–80% denaturing gradient (from top to bottom) for
TSG products (13, 25, 26). The gels were run at 5 V/cm until xylene
cyanol band was within the bottom inch of the gel. The gels were then
fixed with 7% acetic acid (5 min), dried under vacuum (40 min, 80 C),
and put inside a developing cassette containing one intensifying screen
and preflashed films (Kodak XAR; Kodak, Rochester, NY) facing the
intensifying screen (16–48 h, �70 C). The autoradiograms were devel-
oped using an automated processor Kodak-Omat 100 (Kodak).

Only informative cases (balanced allele ratios in undigested and
digested controls) were included in the final analysis (10, 11, 13, 25, 26,
28). Allelic imbalance was densitometrically evaluated (EC model 910
optical densitometer; EC Apparatus Co., St Petersburg, FL), considering
only allele ratios greater than 4:1 in the normalized digested lanes
evidence of monoclonality. Lanes were normalized with their corre-
sponding undigested sample and controls. Only allele ratios greater than
4:1 in any TSG was equally considered evidence of LOH; otherwise,

retention of constitutional heterozygosity was assigned. Additional al-
lele bands in the CCH samples not present in the corresponding control
were considered evidence of SNP in denaturing gradient gels.

Nuclear DNA quantification by slide cytometry

Feulgen-stained sections were used for densitometric evaluation of
DNA content (29). CAS model 200 and the Quantitative DNA Analysis
software (Becton Dickinson and Co., Franklin Lakes, NJ) were used for
that purpose, measuring at least 200 nuclei (or the whole lesion if
smaller) in every CCH focus in the most cellular area until completion
in consecutive microscope high power fields (HPFs; �400). Only com-
plete, nonoverlapping and focused nuclei were quantified in each HPF.

Internal controls (both lymphocytes and histologically normal follic-
ular cells from the same section) were first normalized with complete rat
hepatocytes (external controls, one slide/staining holder) (Becton Dick-
inson and Co.). They were then used for setting the diploid controls and
calculating the DNA index of G0/G1 cells (�10% of measured cells with
evidence of G2�M cells) (30). The proliferation rate was calculated from
the DNA histogram by subtracting the number of cells within G0/G1

limits from the total number of measured cells and expressed as per-
centage (29, 31). Both mean nuclear area and nuclear area to DNA index
ratio of G0/G1 cells were recorded. The latter represents a morphometric
parameter of apoptosis when coupled with in situ end labeling (ISEL)
(13, 30). Age- and sex-matched normal thyroids from 10 autopsies were
selected for nuclear area and DNA index analysis. At least 1000 C cells
were evaluated as controls for this purpose.

ISEL of fragmented DNA

Extensive DNA fragmentation associated with apoptosis was de-
tected by ISEL as previously reported (31–33). Sections were incubated
in 2� SSC (20 min, 80 C) and digested with proteinase K [100 �g/ml in
Tris-HCl (pH 7.6), 30 min] at room temperature in moist chamber. DNA
fragments were digoxigenin-labeled on 5�-protuding termini using the
Klenow fragment of Escherichia coli DNA polymerase I (1 h at 37 C),
detected using antidigoxigenin Fab fragments labeled with alkaline
phosphatase, and developed with nitroblue tetrazolium-X phosphate
(31–34). Appropriate controls were run, including positive (reactive
lymph node), negative (omitting DNA polymerase I), and enzymatic
(DNase I digestion before end labeling). The enzymatic controls allowed
establishing a reliable positivity threshold in each sample. The ISEL
index was expressed as percentage of positive nuclei compared with the
total number of C cells in the same HPF (35–37). The whole lesion was
screened.

TABLE 1. Primer sequences and PCR cycling conditions for the amplification of polymorphic DNA regions

Primers Primer sequences Tandem repeat/PCR product

AR-aa 5�-CCGAGGAGCTTTCCAGAATC-3� CAG repeat/
AR-ba 5�-TACGATGGGCTTGGGGAGAA-3� 215–300 bp
p53(1)-ab 5�-AGGGATACTATTCAGCCC-3� CA repeat/
p53(1)-bb 5�-ACTGCCACTCCTTGCCCCATTC-3� 103–135 bp
p53(2)-ab 5�-GAATCCGGGAGGAGGTTG-3� AAAAT repeat/
p53(2)-bb 5�-AACAGCTCCTTTAATGGCAG-3� 140–175 bp
RB1-ab 5�-CTCCTCCCTACTTACTTGT-3� CTTT(T) repeat/
RB1-bb 5�-AATTAACAAGGTGTGGTGGTACACG-3� 266–306 bp
WT1-ab 5�-AATGAGACTTACTGGGTGAGG-3� CA repeat/
WT1-bb 5�-TTACACAGTAATTTCAAGCAACGG-3� �144 bp
NF1-ab 5�-CAGAGCAAGACCCTGTCT-3� CA repeat/
NF1-bb 5�-CTCCTAACATTTATTAACCTTA-3� 171–187 bp

All reactions were run in duplicate using 1.5 mM MgCl2 and 1 �l template. A long denaturation (4 min) and expansion (90 sec) were used
in the first three cycles for each set of primers.

a The AR alleles were amplified using 0.3 �M of each primer and 200 �M of each dNTP (including 7-deaza-dGTP instead of dGTP)
(Boehringer-Mannheim, Indianapolis, IN). The amplicon was internally labeled with 0.3 �Ci �[32P]-dTTP (800 Ci/mmol, 10 mCi/ml) (New
England Nucleotide, Boston, MA). A “hot start” protocol was also used, completing 28 cycles with an annealing temperature of 55° C.

b The polymorphic regions of TSG were amplified using 0.25 �M of each primer, 50 �M of each dNTP (Boehringer-Mannheim, Indianapolis,
IN), and internally labeled with 0.3 �Ci �[32P]-dCTP (3000 Ci/mmol, 10 mCi/ml) (New England Nucleotide, Boston, MA, USA). The annealing
temperature was 55° C for all primer sets (except for NF1, it was 52° C), and the number of cycles was experimentally optimized to 26.
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Immunohistochemical expression of MIB-1 and cell
cycle regulators

After quenching endogenous peroxidase activity with 0.5% H2O2-
methanol (10 min.), the antigens were retrieved by microwaving sections
in 10 mmol/liter citrate buffer (pH 6.0; 750 W, 2 cycles of 5 min) and the
sections were transferred to a moist chamber for the remaining steps
(34). The tissue sections were incubated overnight at 4 C with the cor-
responding primary monoclonal antibody (normal pRB1 at 5 �g/ml,
abnormal p53 at 1 �g/ml, and cyclin D1, p21WAF1, MDM-2, and MIB-1
at 2.5 �g/ml) (Oncogene Science, Inc. and Calbiochem, Cambridge,
MA). Nonspecific binding was blocked pretreating the sections with
diluted horse serum (1:100) and the signal amplified with biotinylated
antimouse secondary antibody (1:200) and peroxidase-labeled avidin-
biotin complex (1:100) (Vector Laboratories, Inc., Burlingame, CA). All
reactions were developed under microscopic control with 3,3�-diamino-
benzidine as chromogen and counterstained with hematoxylin. Appro-
priate positive (reactive lymph node) and negative (omitting the primary
antibody) controls were simultaneously run. The immunohistochemical
expression was screened and scored as described for the ISEL analysis.

Statistical analysis of quantitative variables

ANOVA and Student’s t tests were applied to assess the differences
of morphometric features in G0/G1 cells by DNA content and considered
significant if P less than 0.05.

Results

At the time of thyroidectomy, the patients aged 4–8 yr and
there was no clinical or laboratory evidence of adrenal or
parathyroid pathology. All patients had bilateral CCH, as-
sociated with MTC in two cases (CCH-10 and CCH-11). Two
cases (four CCH foci) were excluded from the clonality assay.
Case CCH-6 showed no germline RET mutation and a poly-
clonal secondary CCH due to chronic thyroiditis (Fig. 1).
Case CCH-2 was noninformative due to AR locus LOH
(Table 2).

Monoclonal patterns revealed the same inactivated X-chro-

FIG. 1. Allele patterns of androgen re-
ceptor and histologic features in CCH. a,
Diffuse and nodular growth patterns
were observed in CCH associated with
MEN-2A and germline mutation of RET.
The arrow points calcitonin-positive C
cells (ABC-peroxidase, �400). b, Diffuse
CCH associated with chronic thyroiditis
and no germline mutations in codon 634
of RET highlighted by the immunohisto-
chemical demonstration of calcitonin
(arrows). The lymphocytic infiltrate of
chronic thyroiditis (arrowheads) is also
shown (ABC-peroxidase, �100). c, Gel
patterns in CCH and controls. The panel
shows monoclonal pattern with the same
XCI in both lobes (lanes 1–8, case CCH-1)
and polyclonal pattern in a patient with
germline point mutation in codon 634 of
RET (lanes 9–18, case CCH-4) and in a
patient with no germline mutation of
RET (lanes 19–22, case CCH-6). Each
case shows undigested and digested (D)
lanes of the microdissected sample and
its corresponding control. Lane 23 corre-
sponds to the negative control with no
template and lane 24 is the size marker
(SM). C, Control; H, CCH. d, Three mono-
clonal patterns in MEN-2A CCH (cases
CCH-3, CCH-8, and CCH-11, respective-
ly). The panel shows the same X-chromo-
some inactivated in both thyroid lobes
(LL, Left lobe; RL, right lobe) and the
balanced methylation of a representative
control. The additional band of the larger
allele in the digested lane of right lobe
(CCH-3) and left lobe (CCH-11) is related
with slippage of Taq polymerase during
the amplification (the sequence corre-
sponded with the amplified locus).

3950 The Journal of Clinical Endocrinology & Metabolism, August 2001, 86(8):3948–3957 Diaz-Cano et al. • Clonality and Tumor Suppressor Genes in CCH



mosome in both lobes from a given patient, showing either
the larger allele (two cases, 4 CCH foci) or the smaller allele
preferentially methylated (six cases, 12 CCH foci; Fig. 1).
Another patient (two CCH foci) displayed a polyclonal pat-
tern. Assuming equal probability of methylation of each AR
allele at the cellular level, the probability of concordant meth-
ylation patterns of AR alleles will be 0.5 (Fig. 2a). However,
tissues from informative females can be polyclonal, mono-
clonal with preferential methylation of the larger allele, or
monoclonal with the smaller allele predominating (Fig. 2b)
(38). Under those circumstances and assuming independent
methylation of each allele, equal a priori probability should
be expected for each chance and tissue (P � 1/3). In tissue
comparisons from informative patients (two different alleles
present), concordant allele patterns would expected in
2(1/3)n, being 2 � number of alleles and n � number of
lesions compared. Therefore, identical patterns could be
randomly found in 2(1/3)2 � 0.22 when two tissue samples
are compared (Fig. 2b). Therefore, the probability of ran-
domly finding identical allele patterns in tissues from eight
females would be 0.228 � 5.49 10�6. Any tissue-specific vari-
ability in DNA methylation was excluded using multiple
matched controls of the same sample size. The polyclonal
case (CCH-4, Table 2) could not be accurately assessed for
this purpose, due to the absence of gel pattern differences
between true polyclonal proliferation and proliferation of
two clones revealing different X chromosome inactivated
(Fig. 2b).

All cases showed genetic abnormality in at least one TSG
locus, especially TP53 LOH (Table 2). LOH/SNP analyses
showed TP53 abnormalities in 6 of 10 informative cases (12
of 20 CCH foci, 60%), RB1 alterations in 4 of 7 informative
patients (6 of 14 CCH foci, 43%), and WT1 deletions in 2 of
10 informative patients (2 of 20 CCH foci, 10%) (Table 2, Fig.
3). No alterations were detected in NF1 locus. TP53 abnor-
malities were concordantly detected in both lobes in all pa-

tients in at least one polymorphic region. Discordant genetic
results were observed only in two patients for RB1 (SNP) and
in two patients for WT1 (LOH), and coexistent TP53 and RB1
genetic alterations in two patients (Table 2).

The DNA content analysis revealed diploid G0/G1 cells in
all cases, hypodiploid G0/G1 cells (DNA index � 0.9) in 14
of 20 (70%) CCH foci, and hyperdiploid G0/G1 cells (1.15 �
DNA index � 1.85) in 1 of 20 (5%) CCH foci (Table 3).
Hypodiploid G0/G1 cells revealed a relatively decreased nu-
clear area (35.11 � 4.20 �m (2) and a significantly higher
nuclear area to DNA index ratio [43.12 � 3.59 �m (2), P �
0.003) than control C cells [36.48 � 3.98 �m (2), 37.22 � 4.06
�m2, respectively]. Low proliferation indices were obtained
from the DNA histogram analysis (�5% for monoclonal
foci and 7.6–8.3% for polyclonal foci). MIB-1 and cell cycle
regulator immunoexpressions and ISEL revealed a hetero-
geneous marker distribution (Fig. 4). Both proliferation and
apoptosis indices were low, especially the ISEL index
(Table 3). Remarkably, no p53 expression was detected in
CCH foci (Fig. 4).

Discussion

CCHs in MEN 2A patients were found monoclonal and
showed the same inactivated X-chromosome in both lobes
and multiple TSG abnormalities. These findings and the
down-regulation of apoptosis are consistent with an intra-
epithelial neoplasia and suggest that progressional genetic
events occur early in thyroid development.

The same AR allele was preferentially methylated in both
lobes in monoclonal CCHs (eight of nine informative pa-
tients, 89%; Table 2), suggesting that a common progenitor
contributed to those lesions (25, 39, 40), and support a neo-
plastic nature. These concordant patterns also support a
clonal expansion of C-cell precursors between the random
XCI and the precursor migration into the thyroid anlage (�15

TABLE 2. Analysis of polymorphic DNA regions of AR gene and TSG in CCH foci from patients with MEN-2A and point mutation in
codon 634

Sample Methylation of AR alleles TP53 (1) TP53 (2) RB1 WT1 NF1

CCH1-LL Unbalanced LOH-S ROH ROH ROH ROH
CCH1-RL Unbalanced LOH-S ROH ROH ROH ROH
CCH2-LLa NI-LOH ROH ROH NI LOH-L ROH
CCH2-RLa NI-LOH ROH ROH NI ROH ROH
CCH3-LL Unbalanced NI ROH LOH-L ROH ROH
CCH3-RL Unbalanced NI ROH LOH-L ROH ROH
CCH4-LLa Balanced LOH-S NI ROH/SNP-SL ROH ROH
CCH4-RLa Balanced LOH-S NI ROH ROH ROH
CCH5-LL Unbalanced LOH-S ROH ROH ROH ROH
CCH5-RL Unbalanced LOH-S ROH ROH ROH ROH
CCH7-LLa Unbalanced ROH ROH NI ROH ROH
CCH7-RLa Unbalanced ROH ROH NI LOH-S ROH
CCH8-LLa Unbalanced LOH-S ROH ROH/SNP-L ROH ROH
CCH8-RLa Unbalanced LOH-S ROH ROH ROH ROH
CCH9-LL Unbalanced NI ROH LOH-S ROH ROH
CCH9-RL Unbalanced NI ROH LOH-S ROH ROH
CCH10-LLb Unbalanced LOH-S NI NI ROH NI
CCH10-RLb Unbalanced LOH-S NI NI ROH NI
CCH11-LLb Unbalanced LOH-L NI ROH ROH NI
CCH11-RLb Unbalanced LOH-L NI ROH ROH NI

ROH, Retention of heterozygosity; LL, left lobe; RL, right lobe; L, larger allele; S, smaller allele; NI, noninformative.
a Cases CCH-2, -4, -7, and -8 revealed genetic heterogeneity in left and right lobes.
b Cases CCH-10 and CCH-11 revealed coexistent medullary thyroid carcinoma. Case CCH-6 showed no RET point mutations in codon 634.
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FIG. 2. Comparison of XCI patterns. Only the active and nonmethylated androgen receptor allele is expressed in a given cell, and can be
distinguished by the length of the polymorphic marker in the exon 1 in informative patients. However, comparative analyses give different
possibilities at the cellular and tissue levels. a, The cell-cell comparison shows four potential possibilities, two revealing different X-chromosomes
inactivated and suggesting different progenitors (50%), and other two displaying the same X-chromosome inactivated (either the larger allele
or the smaller allele, 50%), consistent with common progenitor. b, Three possibilities can be found at the tissue level, depending on the
inactivation of only one allele in monoclonal tissues (the larger or the smaller one) or both alleles in polyclonal tissues. The comparison of two
given tissues (1 and 2) would then result in nine theoretical options (each one represented in different gels); only two of them are consistent
with a common progenitor contributing the cells, both tissues expressing either the larger or the smaller allele (pink). If random inactivation
of both alleles is present (green), no clonality assessment can be achieved because the progenitor cell can be either common or different. The
remaining cases (black) represent tissue development from different progenitors.
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wk, Fig. 5) (11, 41). Supporting this point, patients of these
kindred also revealed concordant monoclonal patterns in
90% nodules from adrenal medullary hyperplasias and mi-
crosatellite abnormalities in at least one TSG in 75% pheo-
chromocytomas (26, 42). Early clonal expansions in neural
crest derivatives could explain those findings, but other al-
ternative explanations for the monoclonal pattern must be
excluded.

The first issue to consider is the patch size concept or
contiguous cellular regions of the same lineage (10, 11, 13,
25). The mosaic patch size could be the cause of monoclonal
patterns in small samples, but it would not explain the con-
cordant pattern in both lobes, especially with samples in-

cluding at least 100 cells (10, 38, 43). In addition, technical
aspects such as PCR bias against the larger allele could con-
tribute to preferential amplification of the smaller allele. Our
DNA extraction protocol included a long protein digestion
and retrieved DNA of �1 kb (data not shown), excluding
degraded DNA as cause (13, 22, 25, 28, 44). Our PCR design
also included long denaturation and extension in the first
three cycles and 7-deaza-dGTP in the amplification mixture
to avoid defective amplification of CG-rich sequences (Table
1) (10, 13, 24, 25, 40). These technical considerations could
reasonably exclude the PCR bias as cause of concordant
monoclonal patterns, as revealed by the two cases showing
the larger allele methylated (Fig. 1).

The polyclonal pattern in patients with germline RET mu-
tation (CCH-4) needs some considerations. XCI assays can
result in polyclonal patterns if the restriction endonuclease
digestion is incomplete or the target DNA is hypermethyl-
ated (10, 11, 13, 25, 28). Suboptimal enzymatic digestion may
change the clonality pattern of monoclonal tissues (10, 28),
but that possibility was excluded keeping internal controls of
endonuclease digestion. Although some DNA denaturation
must be expected during embedding and extraction, both the
long digestion (16 h) and the HhaI activity on single-stranded
DNA assure complete digestion. Repeated polyclonal pat-
terns were obtained using nonboiled templates. We are cur-
rently testing methylation in these lesions. Likewise, any
significant contamination can explain polyclonal results as
those reported in MEN 2 MTC (45), opposed to the clonal
origin previously reported in inherited MTC and pheochro-
mocytomas (46, 47). Contamination was excluded by careful
microdissection under microscopic control and multiple
sampling (10, 11). Finally, the coexistence of TP53 and RB1
abnormalities (Table 2) support a neoplastic nature and
agrees with the high MTC incidence (60%) in double het-
erozygous animals for TP53 and RB1 (48). In this scenario, the
polyclonal pattern could be the result of either C-cell pre-
cursor expansions before the random XCI or clonal prolif-
eration of cells showing different inactivated X-chromosome
(Fig. 5) (11, 45).

The inherited genetic defect can determine an accelerated
process of somatic alterations and DNA deletions (hypodip-
loid G0/G1 cells and TSG-LOH) (11, 13), favoring cellular
heterogeneity and molecular progression (11, 25). Our results
suggest that progression in CCHs involves multiple genes,
especially TP53 and RB1 as reported in MTC (48, 49). Al-
though the number of cases is not sufficient to exclude
chance, the concordant TP53 deletion found in three patients
(Table 2) suggests that TP53 deletions have occurred at a
point in embryonic development before divergence of the
C-cell precursors of each thyroid lobe in this patient subset.
Therefore, these mutations should occur earlier than previ-
ously thought and correlate with the clinical detection of
MTC in patients younger than 5 yr. Conversely, the heter-
ogeneity of RB1 and WT1 alterations and intragenetic poly-
morphism of TP53 mutations support their somatic nature
and a sort of “hot spot” for such mutations. WT1 and RET
have already shown collaborative effects, as revealed by the
presence of genitourinary abnormalities in RET or GDNF
knockout mice (50, 51). In contrast, no patient in this series
showed NF1 alterations, although this locus has revealed

FIG. 3. Microsatellite analysis of tumor suppressor genes (1, TP53
(1); 2, TP53 (2); 3, RB1; 4, WT1; 5, NF1) in CCH. LOH or SNP was
detected in polymorphic DNA regions of tumor suppressor genes. The
arrows point to the heterogeneous genetic lesions in TP53 (LOH; a and
b) and RB1 (SNP; b) observed.
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alterations in neural crest tumors (especially pheochromo-
cytomas) (52, 53). Early clonal expansions in neural crest
derivatives accumulating genetic alterations would be the
expression of multistep tumorigenesis and is also supported
by the reported abnormalities of loci on chromosomes 1 and
3 (54, 55). The presence of additional somatic RET mutations
has been reported in MTC and should be considered expres-
sion of genetic progression and tumor cell selection rather
than evidence against the clonality of those lesions (54). An-

other aspect to consider is the origin of all patients from a
single family and the influence of familial effects on the
results. However, the familial genetic background cannot
explain the association of unrelated aspects such as concor-
dant patterns of clonality and the presence of multiple TSG
abnormalities.

A TP53- and RB1-knockout model revealed MTC within
the first 9–15 months of mouse life (60–83%) with the highest
incidence in double heterozygous animals (mutated RB1 and

TABLE 3. Results of DNA-Ploidy, MIB-1, and cell cycle regulator immunoexpression, and ISEL in CCH from MEN-2A patients with
point mutation in codon 634a

Case no. DNA-Ploidy MIB-1 (%) MDM2 (%) pRB (%) p21WAF1 (%) ISEL (%)

CCH-1 Hypodiploid 3.1 4.2 4.8 1.4 0.03
CCH-2 Hypodiploid 2.5 6.2 4.0 2.1 0.05
CCH-3 Hypodiploid 2.1 4.3 4.3 1.7 0.03
CCH-4 Hypodiploid 3.7 5.5 5.1 1.7 0.04
CCH-5 Diploid 6.8 5.6 4.6 1.6 0.02
CCH-7 Diploid 5.9 3.1 7.0 1.4 0.03
CCH-8 Hypodiploid 4.3 3.2 8.7 1.2 0.01
CCH-9 Hypodiploid 4.6 3.0 8.1 1.2 0.02
CCH-10b Hypodiploid 4.3 4.6 5.9 1.5 0.03
CCH-11b Hypodiploid 4.5 4.4 6.6 1.5 0.02
Av � SD 4.18 � 1.44 4.41 � 1.11 5.91 � 1.64 1.53 � 0.27 0.03 � 0.01

a These scores show the combined results CCH areas from both lobes in each patient because of the small size that avoid to screen 50 HPF/CCH
focus.

b Cases CCH-10 and CCH-11 showed coexistent MTC foci (excluded in the screening). Case CCH-6 did not show RET point mutations
in codon 634.

FIG. 4. Immunohistochemistry and ISEL in CCHs. C cells show cytoplasmic MIB-1 staining (b) along with relatively low nuclear p21WAF1

labeling (e) and ISEL index (d). c, No abnormal p53 immunostaining was detected. (a, H&E, �400; b, c, and e, ABC-peroxidase and 3,3�-
diaminobenzidine, �100; d, digoxigenin end labeling developed with alkaline phosphatase and NBT-X phosphate, �100). The arrows point to
positive signal.
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TP53) (48). The absence of normal TP53 function would pro-
tect tumor cells from apoptosis (56) and contributes to an
increased RB1 mutation rate in advanced tumors (48). Re-
markably low ISEL indices and low-to-normal proliferation
indices were observed in this CCH series. The reduced cel-
lular loss associated with longer survival of initiated/
mutated cells would promote progression from preinvasive
stages over an extended period of time (11, 13, 57), and
genetic instability (49). Transforming mutations that escape
cell repair systems will accumulate and promote early pre-
neoplastic foci only after inhibiting apoptosis (11, 13, 58). The
postmitotic repairing systems are less effective in low-
proliferation lesions (59), explaining the presence of heter-
ogeneous and nonrandomly distributed mutations (60). In
contrast, high proliferation and mutation rates determine
homogeneous DNA damage and activation of apoptosis (57,
60, 61). Normal pRB1 and low p21WAF1 expressions found in

this series are consistent with low proliferation and apoptotic
indices. Only higher proliferation rates and increased
p21WAF1 would inactivate pRB1 resulting in higher apoptosis
(59). The combined delivery of two cooperative genes, like
p21WAF1 and TP53, would lead the cyclin D/CDK-pRB1 path-
way toward growth arrest and apoptosis (62, 63).

Some clinically relevant topic still remains unknown. RET
encodes a receptor tyrosine kinase that is expressed in neural
crest derivatives and their corresponding tumors, MTC, and
pheochromocytoma (64). RET mutations of codon 634 cause
receptor dimerization and constitutively activate the tyrosine
kinase (65), thereby mimicking the effect caused by the bind-
ing of a ligand to the receptor. In general, a single mutation
causing a neoplasm is unlikely, and other genetic alterations
(TP53 and RB1 in this series) would be required (11). Al-
though normal tissues are heterogeneous and show random
LOH and DNA deletions in 4–20% (66–68), that level of

FIG. 5. a, Relative timing of clonal expansion of C cells and the location of C-cell precursors in the thyroid anlage Clonal Signal and expansion
of C cells after locating in the thyroid would make unlikely cells showing the same allele methylated (left). The opposite scenario should be
considered for consistently concordant methylation pattern of androgen receptor alleles (MePARA): clonal signal and expansions should happen
before the location of C-cell precursors in the thyroid (right). b and c, Relative timing of clonal expansion of C cells and XCI. b, Monoclonal
proliferation requires an already established inactivation of the X chromosome before the clonal expansion to result in monoclonal gel pattern.
c, If the clonal signal and expansion antecedes the XCI, selected cells can potentially inactivate any of the alleles and show a “pseudopolyclonal”
gel pattern.
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somatic genetic alterations cannot explain this series inci-
dence of TSG abnormalities, especially for CCH foci with
alterations in two loci (CCH-4 and CCH-8). Similarly, so-
matic missense mutations at codon 918 of RET have been
reported in 20% MTC and in a sample of CCH from MEN 2
patients (54). These factors and the preexisting germline mu-
tation of RET may contribute to C-cell tumorigenesis. Those
findings suggest that CCHs in MEN 2A are intraepithelial
neoplasias.

In conclusion, genetic (monoclonal proliferation with mul-
tiple TSG abnormalities) and kinetic (down-regulated apo-
ptosis) evidences suggest that MEN 2A CCHs are intraepi-
thelial neoplasias. Concordant XCI pattens in both lobes
support early clone expansions preceding divergence of C-
cell precursors of each thyroid lobe; this may represent a
paradigm for other germline mutations during embryo-
genesis.
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Letters to the Editor

Difference Between Familial and Sporadic
Medullary Thyroid Carcinomas

To the Editor:
A recent paper has focused the attention on the distinc-
tion of familial from sporadic medullary thyroid carci-
nomas (MTCs).3 This distinction is normally based on
subtle morphologic changes, and it has been proven dif-
ficult for this and other pathologic conditions, such as
melanocytic nevi associated with the atypical mole syn-
drome.3,6 The authors clearly conclude that there is no
single morphologic criterion reliable for that distinction,
although some findings tend to be more frequent in fa-
milial tumors. However, both diagnostic and biologic
aspects would need additional comments for both C-cell
hyperplasias (CCH) and MTCs.

The presence of CCH is more frequently associated
with, but not exclusive of, familial MTC.2,3 Although the
authors present a classic morphologic classification of
CCH,5 they do not draw any conclusion from that clas-
sification. The absence of CCH was found exclusive of
sporadic MTC; the presence, however, was less informa-
tive. This positive finding is more discriminant for the
sporadic/familial distinction when they are grouped into
expansile (nodular and neoplastic) and nonexpansile (fo-
cal and diffuse; we will comment below on terminology).
This grouping excludes almost half of CCH-associated
sporadic MTC. There is also a biologic support for that
grouping. We studied MEN 2A-related CCH that were
found to be consistently monoclonal with frequent mic-
rosatellite abnormalities in tumor suppressor genes,1 sug-
gesting a C-cell intraepithelial neoplasia (C-CIN). These
cases revealed either nodular or neoplastic growth pat-
terns according with Perry et al.5 but did not reveal a
different genetic pattern. These cases also showed sig-
nificantly reduced apoptosis (as revealed by in situ end
labeling) contributing to the cellular outgrowth. These
two growth patterns share genetic (monoclonal with mi-
crosatellite abnormalities) and kinetic (downregulated
apoptosis) profiles, which would justify grouping them
as expansile patterns. No information is available on the
genetic and kinetic features of focal or diffuse growth
patterns and sporadic CCH. The morphologic features
and the data presented by Kaserer et al.2,3 also support
grouping them as nonexpansile, at least until additional
information proves otherwise.

Terminologically, two aspects need some clarification.
First, focal and diffuse growth patterns are not fortunate

descriptors. C-cell hyperplasia is always a focal process
in the thyroid because it affects a certain number of
follicles only. What can be focal is the follicular involve-
ment. Probably focal and diffuse growth patterns would
be better called segmental and circumferential when de-
scribing the follicular distribution. The second aspect is
the term intraepithelial neoplasia. The expansile growth
patterns of CCH share reproducible morphologic fea-
tures, genetic and kinetic profiles consistent with C-CIN,
but we do not have such an evidence for nonexpansile
CCH yet. We would therefore propose to restrict the term
C-CIN to expansile CCH only (nodular and neoplastic
growth patterns).

All these data support the neoplastic transformation of
C cells through multiple steps and the morphologic se-
quence of intraepithelial–invasive neoplasm. Several re-
ports provide information on the utility of basement
membrane immunohistochemistry to distinguish intraep-
ithelial from invasive neoplasms.3,4 The identification of
early stromal invasion is more frequent after implement-
ing pentagastrin and genetic screening for C-cell lesions
in families carrying RET germline mutations. However,
the identification of this early stromal invasion docu-
mented by defects in the collagen IV layer accompanied
by focal reduplication of basement membrane does not
mean that the neoplasm has already acquired a metastatic
potential. Kaserer et al.3 found lymph node metastases in
tumors with desmoplastic stroma only. This finding
highlights that a subclassification of these MTCs is still
required. A similar example is documented for skin ma-
lignant melanomas with the distinction between radial
and vertical growth phases, the former having absent or
minimal potential for metastatic disease. In that sense,
the desmoplastic stromal reaction to the MTC can help
identify neoplasms with metastatic potential (so-called
vertical growth phase).

In conclusion, the growth pattern of intraepithelial
and invasive C-cell proliferation can provide clues on
the familial background. Multifocal and bilateral in-
vasive tumors associated with expansile intraepi-
thelial C-cell neoplasm would be familial CCH MTC in
98.13% of cases, according with data presented by Kas-
erer et al.3 The probability of being sporadic that neo-
plasm would be 0.1875 × (multifocal) × 0.2143 (bilat-
eral) × 0.4643 (expansile CCH) � 0.0187, or 1.87%.
Invasive MTCs still require the identification of tumors
with metastatic potential; our personal experience and
the Kaserer et al. data3 suggest that neoplasms with
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desmoplastic stromal reaction have more likely acquired
that potential and would be in so-called vertical growth
phase.

Lisa Mears, M.B.B.S.
Department of Histopathology and Morbid Anatomy, Barts
London NHS Trust
London, U.K.

Salvador J. Diaz-Cano, M.D., Ph.D., M.R.C.Path.
Department of Histopathology and Morbid Anatomy, Barts
London NHS Trust
London School of Medicine and Dentistry
London, U.K.

REFERENCES

1. Diaz-Cano SJ, de Miguel M, Blanes A, et al. Germline RET 634
mutation positive MEN 2A-related C-cell hyperplasias have ge-
netic features consistent with intraepithelial neoplasia. J Clin En-
docrinol Metab 2001;86:3948–57.

2. Kaserer K, Scheuba C, Neuhold N, et al. C-cell hyperplasia and
medullary thyroid carcinoma in patients routinely screened for
serum calcitonin. Am J Surg Pathol 1998;22:722–8.

3. Kaserer K, Scheuba C, Neuhold N, et al. Sporadic versus familial
medullary thyroid microcarcinoma: a histopathologic study of 50
consecutive patients. Am J Surg Pathol 2001;25:1245–51.

4. McDermott MB, Swanson PE, Wick MR. Immunostains for col-
lagen type IV discriminate between C-cell hyperplasia and micro-
scopic medullary carcinoma in multiple endocrine neoplasia, type
2a. Hum Pathol 1995;26:1308–12.

5. Perry A, Molberg K, Albores-Saavedra J. Physiologic versus neo-
plastic C-cell hyperplasia of the thyroid: separation of distinct
histologic and biologic entities. Cancer 1996;77:750–6.

6. Pozo L, Naase M, Cerio R, et al. Critical analysis of histologic
criteria for grading atypical (dysplastic) melanocytic nevi. Am J
Clin Pathol 2001;115:194–204.

Board Certification in Anatomic Pathology

To the Editor:
The 2002 meeting of the Association of Directors of
Anatomic and Surgical Pathology (ADASP), held in
February in Chicago, focused on “Board Certification in
Surgical Pathology,” a topic that potentially has pro-
found implications for the entire anatomic pathology
community. This issue had been informally and incom-
pletely discussed at prior ADASP meetings. The purpose
now was to attempt to discuss this issue in depth. Many
reasons for the need for a subspecialty board in surgical
pathology have been given in the past. Many have noted
that the cytopathology board certification “with added
qualification” seemed to bring recognition and prestige
to that subspecialty. Why then could not the same thing

be done for surgical pathology? Some noted that the
surgical pathologist lacked specific recognition; there-
fore, board certification would help serve as verification
and recognition of the de facto subspecialty. Others
maintain that certification would provide recognition of
how most pathologists spend the majority of their
professional time. There are many books and postgradu-
ate courses with the words “surgical pathology” in their
titles. Many well-known and accomplished pathologists
consider themselves, above all, surgical pathologists.
Conversely, there are those who asked, “If there were a
surgical pathology (SP) board, then what is the anatomic
pathology (AP) board?” “Would the AP board be a
simplified version of the SP board, or would the SP
board be a complex version of the AP board?” Further-
more, subspecialties such as dermatopathology and he-
matopathology have traditionally been part of
anatomic/surgical pathology (and still are in many cen-
ters), so it seems illogical to reestablish the “parent” of
these subspecialties, surgical pathology, as a parallel
subspecialty. Some members objected to the regulatory
constraints that would be required if surgical pathology
fellowship programs were to be accredited and inspected,
as would be necessary for board certification in surgical
pathology.

Between the time this meeting was planned and when
it was held, the American Board of Pathology eliminated
the fifth (credentialing) year requirement. For some
ADASP members, this act not only changed pathology
training but also their perception of the desirability and
necessity of a subspecialty board in SP. Specifically, the
predictable yet major issue was raised: “Can the average
resident competently practice surgical pathology upon
completing a standard AP/CP (24 months of each) resi-
dency?” From the perspective of responsibility to the
public, are our residents ready? Some expressed the
problem as, “Can they be trusted to read my prostate or
breast biopsy?” The majority of anatomic/surgical pa-
thology directors have seemed skeptical, making the SP
fellowship a near requirement, if a 4-year AP/CP training
scheme were to be accepted.

This was the background to the ADASP meeting in
February 2002. Representatives of the American Board
of Pathology (ABP), the Residency Review Committee
of the Accreditation Council on Graduate Medical Edu-
cation (ACGME), Program Directors Section of the As-
sociation of Pathology Chairs, the College of American
Pathologists, and 76 members of ADASP were present.
The views of these major pathology organizations were
presented by the spokespersons present. Drs. Richard
Kempson and Mark Wick had agreed to speak, respec-
tively, pro and con subspecialty certification in surgical
pathology, but Dr. Wick changed his mind and spoke for
a boarded subspecialty because the ABP had decreased
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stenosis and are improved by valve replacement.
Along with Heyde

 

1

 

 and Schwartz,

 

2

 

 I called attention
to this association, in an article published in 1961.

 

3

 

For some time after my article appeared, colleagues
began to call the association Williams’s syndrome.
Later, when direct upper and lower endoscopies be-
came common practice, the association between
gastrointestinal bleeding and aortic stenosis was
ascribed to arteriovenous ectasias and similar vascu-
lar abnormalities presumably associated with aging,
in the same vein as aortic stenosis.

The observation by Vincentelli and coworkers
only proves to me that if a physician lives long
enough, a few things he or she has reported will
turn out to be true.

 

Ralph C. Williams, Jr., M.D.

 

University of New Mexico
Albuquerque, NM 87131
rcwilliams@salud.unm.edu
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nal bleeding. Arch Intern Med 1961;108:859-63.

 

the authors reply: 

 

Dr. Sucker and colleagues con-
firm the high frequency of hemostatic abnormalities
in severe aortic stenosis but point out that the fre-
quency of bleeding symptoms is low. Such a discrep-
ancy was also found in our series and is usual in the
von Willebrand syndrome as well as in other hemo-
static diseases, since bleeding symptoms depend on
the presence of bleeding-prone lesions (such as an-
giodysplasias or traumatic or surgical lesions). It is
well known that the clinical expression of acquired
von Willebrand syndrome is highly variable.

 

1

 

 How-
ever, the diagnosis of this syndrome relies on bio-
logic data.

 

2

 

 We believe that in circumstances involv-
ing trauma, such as noncardiac surgery, the risk of
bleeding is present in patients with severe aortic ste-
nosis, even if they do not have any spontaneous

bleeding. Moreover, this risk could be especially
high in patients who are not eligible for surgical
valve replacement: in a prospective survey of 123 pa-
tients with asymptomatic aortic stenosis, 8 of the
patients who did not undergo surgery died, 4 of
them from cardiac causes and 2 from gastrointes-
tinal bleeding, suggesting that the risk of bleeding
is not negligible as compared with classic cardiac
causes of death.

 

3

 

 In our opinion, the high probabil-
ity of von Willebrand factor abnormalities should
be taken into account in the management of severe
aortic stenosis, even in the absence of bleeding
symptoms.

Drs. Hansen and Hassager observed the associa-
tion between bleeding symptoms and hypertrophic
obstructive cardiomyopathy and suspect that similar
proteolysis of high-molecular-weight multimers can
occur in this disease, which is associated with high
shear stress. Such a hypothesis is in good accord-
ance with our findings and also with previously re-
ported data and should be confirmed by specific ex-
ploration of von Willebrand factor in such cases.

 

4

 

Finally, we would like to thank Dr. Williams for
his perspicacity and for his continued interest in this
issue, from 1958 to this day.

 

Sophie Susen, M.D.
André Vincentelli, M.D.
Brigitte Jude, M.D., Ph.D.

 

University Hospital
59037 Lille, France
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Microsatellite Instability in Colon Cancer

 

to the editor: 

 

Ribic et al. (July 17 issue)

 

1

 

 investi-
gated microsatellite instability as a predictor of a
benefit from adjuvant chemotherapy in patients
with stage II or stage III colon cancer, and their find-
ings confirm that microsatellite instability portends
a better prognosis than microsatellite-stable can-
cer.

 

1-3

 

 However, this research differs from that of

Elsaleh et al., in which patients whose stage III colo-
rectal cancer demonstrated microsatellite instability
derived the greatest benefit from adjuvant chemo-
therapy.

 

4

 

 In contrast, Ribic et al. found that patients
with microsatellite instability did not benefit from
adjuvant chemotherapy and may have been harmed
by it (P=0.01). We wish to bring attention to a Na-
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tional Cancer Institute–National Surgical Adjuvant
Breast and Bowel Project (NCI–NSABP) collabora-
tive investigation involving 542 patients with stage
II or III colon cancer (173 of whom underwent sur-
gery only and 369 of whom received adjuvant ther-
apy). Patients with microsatellite instability (18 per-
cent) and patients with microsatellite-stable cancers
were found to benefit equally from the use of adju-
vant chemotherapy. Thus, although the described
investigations consistently show that adjuvant che-
motherapy benefits patients with microsatellite-sta-
ble colon cancer, the relation between microsatel-
lite instability and adjuvant chemotherapy differs
among studies. We agree with Ribic et al. that the
microsatellite-instability status should not be used
in making therapeutic decisions outside of clinical
trials at the present time.

 

Carmen J. Allegra, M.D.
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to the editor: 

 

Ribic et al. report that patients with
stage II or III colorectal cancer do not benefit from
adjuvant chemotherapy if their tumors show micro-
satellite instability, in contrast with our findings in
patients with stage III disease

 

1

 

 and the findings of
others in patients with stage IV disease.

 

2

 

 A possible
explanation for these discrepancies might be that
tumors with microsatellite instability have different
properties, including prognosis and response to
chemotherapy, depending on the underlying cause
of their microsatellite-instability phenotype. Pa-
tients with sporadic colorectal cancer in whom mi-
crosatellite instability is caused by 

 

MLH1 

 

gene-pro-
moter methylation are on average 18 years older

than patients with microsatellite instability who do
not have methylation of this gene.

 

3

 

 A variety of
mechanisms that are not related to methylation
cause microsatellite instability in the majority of
younger patients, including germ-line and somatic
mutations and the loss of heterozygosity of mis-
match-repair genes.

 

4

 

 The patients studied by Ribic
et al. were enrolled in clinical trials and hence were
considerably younger than those in our population-
based series.

 

1

 

 We suggest that it may be premature
to discount the predictive value of microsatellite in-
stability without further characterization of tumors
with this phenotype, particularly in terms of their
DNA-methylation status.

 

Barry Iacopetta, Ph.D.

 

University of Western Australia
Nedlands 6009, Australia
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to the editor: 

 

Microsatellite instability helps pre-
dict the treatment response in patients with colorec-
tal carcinoma.

 

1-3

 

 In our studies of microsatellite in-
stability, we found that intratumor heterogeneity for
a given marker may bias the stratification of patients.
In analyzing 90 sporadic colorectal adenocarcino-
mas for microsatellite instability and 

 

MLH1

 

–

 

MSH2

 

expression according to the topographic compart-
ment of the tumor, we found significant differences
between the superficial compartment (tumor cells
above the muscularis propria) and the deep com-
partment (tumor cells infiltrating the muscularis
propria), with down-regulation of protein expres-
sion and increased microsatellite instability in the
deep compartment. At least one third of tumors that
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are unstable in the deep compartment can be ex-
pected to be stable in the superficial compartment.
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Alfredo Blanes, M.D., Ph.D.

 

University of Malaga School of Medicine
29071 Malaga, Spain

 

Salvador J. Diaz-Cano, M.D., Ph.D.

 

Barts and the London NHS Trust
London E1 1BB, United Kingdom
s.j.diaz-cano@qmul.ac.uk

 

1.

 

Ribic CM, Sargent DJ, Moore MJ, et al. Tumor microsatellite-
instability status as a predictor of benefit from fluorouracil-based
adjuvant chemotherapy for colon cancer. N Engl J Med 2003;349:
247-57.

 

2.

 

Watanabe T, Wu T-T, Catalano PJ, et al. Molecular predictors of
survival after adjuvant chemotherapy for colon cancer. N Engl J Med
2001;344:1196-206.

 

3.

 

Barratt PL, Seymour MT, Stenning SP, et al. DNA markers pre-
dicting benefit from adjuvant fluorouracil in patients with colon
cancer: a molecular study. Lancet 2002;360:1381-91.

 

the authors reply: 

 

Our findings that patients who
have stage II or stage III colon cancer with high-fre-
quency microsatellite instability do not benefit from
and may be harmed by fluorouracil-based adjuvant
chemotherapy were based on analyses of tumors
from patients who were randomly assigned pro-
spectively to surgery alone or to fluorouracil-based
adjuvant chemotherapy after surgery. In contrast,
the unpublished results described by Allegra and
colleagues were derived through the comparison
of patients participating in two NSABP trials (trials
C-01 and C-02) who had undergone surgical re-
section with patients from two other NSABP trials
(C-03 and C-04) who were assigned to surgery plus
fluorouracil-based adjuvant chemotherapy.1 The
observations of Iacopetta and colleagues were de-
rived from a nonrandomized, hospital-based cohort
study2 in which the choice of whether to deliver ad-
juvant treatment was made by the physician. Age,
coexisting conditions, and performance status were
all possible factors in determining whether patients
were offered or accepted adjuvant chemotherapy af-
ter surgery. Thus, the findings described by both Al-
legra et al. and Iacopetta et al. are susceptible to
measurable and unmeasurable differences in the
treated and untreated patients among the study pop-
ulations they analyzed. In addition, the findings of
Elsaleh et al.2 regarding differential efficacy of treat-
ment according to sex and the location of the can-
cer within the colon have recently been contradicted
by a pooled analysis of data from more than 3300
patients, raising additional issues about the repre-
sentativeness of the population of patients they
studied.3 Nonetheless, we agree that further studies

are needed before the current recommendations for
the use of fluorouracil-based adjuvant chemothera-
py in patients with colon cancer are changed.

The observations, described by Jimenez and col-
leagues, of topographic differences in high-frequen-
cy microsatellite-instability status within cancer
specimens are interesting but appear to be incon-
sistent with the presence of high-frequency micro-
satellite instability in the benign lesions that are pre-
cursors to colorectal cancer: aberrant crypt foci and
adenomatous polyps.4,5 Furthermore, the consis-
tent association of distinct clinicopathological phe-
notypes with colorectal cancers with high-frequency
microsatellite instability (right-sided predominance,
exophytic growth, poor differentiation, lymphocyt-
ic infiltrates, and “pushing” margins of invasion)6

and the routine use of tumor microsatellite instabil-
ity to identify patients with hereditary nonpolyposis
colorectal cancer argue that microsatellite instability
does indeed reflect a reliable tumor genotype, as de-
fined by most investigators, and is probably not in-
fluenced by methodologic factors.

We agree that the tumor-methylation status or
the specific mismatch-repair deficiency present in
any cancer may further influence the observed re-
sponse to chemotherapy. We hope that large, multi-
center, collaborative efforts or meta-analyses will
soon be able to address these important issues in
order to optimize the care of patients with colon
cancer.
Robert Gryfe, M.D., Ph.D.
Christine M. Ribic, M.Sc.
Mount Sinai Hospital
Toronto, ON M5G 1X5, Canada
gryfe@mshri.on.ca
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Contribution of the Microvessel Network to
the Clonal and Kinetic Profiles of Adrenal
Cortical Proliferative Lesions
SALVADOR J. DIAZ-CANO, MD, PHD, MANUEL DE MIGUEL, PHD,
ALFREDO BLANES, MD, PHD, HUGO GALERA, MD, PHD,
AND HUBERT J. WOLFE, MD

Monoclonal adrenocortical lesions have been characterized by
an inverse correlation between proliferation and apoptosis, and poly-
clonal lesions show a direct correlation. Their relationship with the
vascular pattern remains unknown in adrenocortical nodular hyper-
plasias (ACNHs), adenomas (ACAs), and carcinomas (ACCs). We
studied 20 ACNHs, 25 ACAs, and 10 ACCs (World Health Organiza-
tion classification criteria) from 55 women. The analysis included
X-chromosome inactivation assay (on microdissected samples), slide
and flow cytometry, and in situ end labeling. Endothelial cells were
stained with anti-CD31, and the blood vessel area and density were
quantified by image analysis in the same areas. Appropriate tissue
controls were run in every case. Regression analyses between kinetic
and vascular features were performed in both polyclonal and mono-
clonal lesions. Polyclonal patterns were observed in 14 of 18 infor-
mative ACNHs and 3 of 22 informative ACAs, and monoclonal pat-
terns were seen in 4 of 18 ACNHs, 19 of 22 ACAs, and 9 of 9 ACCs.
A progressive increase in microvessel area was observed in the AC-
NH–ACA–ACC transition but was statistically significant between be-

nign and malignant lesions only (191.36 � 168.32 v 958.07 � 1279.86
�m2; P < .0001). In addition, case stratification by clonal pattern
showed significant differences between polyclonal and monoclonal
benign lesions; 6% of polyclonal and 57% of monoclonal lesions had
microvessel area >186 �m2 (P � .0000008). Monoclonal lesions
showed parallel trends (but with opposite signs) for microvessel area
and density in comparison with proliferation and apoptosis, whereas
polyclonal lesions showed inverse trends. In conclusion, the kinetic
advantage of monoclonal adrenal cortical lesions (increased prolif-
eration, decreased apoptosis) is maintained by parallel increases
in microvessel area and density. HUM PATHOL 32:1232-1239. Copy-
right © 2001 by W.B. Saunders Company

Key words: adrenal cortex, nodular hyperplasia, adenoma, carci-
noma, clonality, proliferation, apoptosis, microvessel density.

Abbreviations: ACA, adrenocortical adenoma; ACC, adrenocorti-
cal carcinoma; ACNH, adrenocortical nodular hyperplasia; H&E,
hematoxylin and eosin; PCR, polymerase chain reaction; HUMARA,
human androgen receptor gene; ISEL, in situ end labeling.

Heterogeneous clonal profiles have been shown in
adrenocortical proliferative lesions,1-3 with polyclonal
lesions predominating in nodular hyperplasias (AC-
NHs) and monoclonal lesions predominating in ade-
nomas (ACAs) and carcinomas (ACCs). Similar results
have also been reported in other endocrine hyperpla-
sias2,4-6 and neoplasms,4-6 supporting the concept of
multistep tumorigenesis.7 However, monoclonal hyper-
plasias (parathyroid, in multiple endocrine neoplasia
type 1 and uremic patients, and multinodular goiters)6,8
and polyclonal adenomas (parathyroid and thyroid)2
have also been reported. Therefore, it has been con-
cluded that clonality assay itself is of limited utility in
differentiating hyperplastic from neoplastic conditions.

A distinctive correlation between proliferation and
apoptosis has been demonstrated in adrenocortical
proliferative lesions by clonal patterns.3 Polyclonal le-
sions have shown increasing apoptosis in response to
increasing proliferative rates, whereas monoclonal le-
sions had progressively lower apoptotic rates as prolif-
eration increased. That inverted relationship between
apoptosis and proliferation in monoclonal adrenal cor-
tical lesions also provides a functional basis for clonal
selection and segregates ACNHs from neoplastic ACAs.
Cell kinetics represent the basic mechanisms leading to
cellular selection, which results in clonal expansion and
tumor growth.3,9,10 Downregulated apoptosis has also
been reported in intraepithelial neoplasms at different
locations and would allow both survival and replication
of genetically damaged cells, giving rise to mutation
accumulation and tumor promotion.11-14 Inversely re-
lated proliferation and apoptosis in monoclonal lesions
would then contribute to clonal progression in neo-
plasms.3,9,15,16 Tumor cell growth has been related to
the capacity to induce neoangiogenesis. However, the
relationship among the vascular pattern, clonality, and
cell kinetics remains unknown in ACNHs, ACAs, and
ACCs.

MATERIALS AND METHODS
Case Selection and Sampling

Consecutive adrenocortical proliferative lesions (69)
were selected and histologically evaluated.12 Of these lesions,
55 were detected in female patients, including 20 ACNHs, 25
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ACAs, and 10 ACCs classified by World Health Organization
criteria,18 although evidence of metastasis was the main cri-
terion of malignancy. The mean follow-up time in this series
was 159 months.

All surgical specimens were serially sectioned and em-
bedded for routine histopathologic diagnosis (at least 1
block/cm). The most cellular areas from the biggest nodule
in each case of ACNH and from every ACA and ACC were
screened and selected for further analysis. The same areas
were used in each analysis; hematoxylin and eosin (H&E)–
stained sections taken before and after the specimen samples
were used to check the cellular composition of each sample.

X-Chromosome Inactivation Assay for
Clonality Analysis

Two 20-�m unstained paraffin sections were used for
microdissection under microscopic control. Adrenal cortical
cells and controls (histologically normal adrenal cortex, ad-
renal medulla, and periadrenal soft tissue from the same
slide) underwent DNA extraction. At least 2 separate areas of
0.25 mm2, containing approximately 100 target cells each,
were harvested from both peripheral and internal areas of the
biggest nodule in ACNH, ACA, and ACC.

The samples were dewaxed with xylene, cleared with
absolute ethanol, and digested with proteinase K; DNA was
extracted using a modified phenol-chloroform protocol, as
previously described.19 All samples were divided for restric-
tion endonuclease digestion, using half of each sample for
HhaI digestion (0.8 U/�l; New England Biolabs, Beverly,
MA); the other half was kept as undigested control. Undi-
gested and digested samples were processed equally, butHhaI
was excluded in the reaction mixture in undigested samples.
The samples were digested under appropriate buffer condi-
tions (50 mmol/L potasium acetate, 20 mmol/L Tris acetate,
10 mmol/L magnesium acetate, 1 mmol/L dithiothreitol pH
8.0, 100 �g/mL bovine serum albumin, 100 �g/mL mussel
glycogen) at 37°C for 4 to 16 hours. A mimicker (0.3 �g of
double-stranded and XhoI-linearized �X174-RII phage; Life
Technologies, Inc, Gaithersburg, MD) was included in each
reaction mixture. Complete digestion was checked by gel
electrophoresis; incompletely digested samples were phenol
chloroform–purified and redigested with higher HhaI con-
centration.

HhaI was then inactivated by phenol chloroform extrac-
tion as described.19 DNA was precipitated with ice-cold abso-
lute ethanol in the presence of 0.3 mol/L sodium acetate (pH
5.2) and resuspended in 10 �L of polymerase chain reaction
(PCR) buffer (10 mmol/L Tris-HCl pH 8.4, 50 mmol/L KCl,
1.5 mmol/L MgCl2, and 100 �g/mL bovine serum albumin).
Both digested and undigested DNA were then used for PCR
amplification of a region containing the CAG repeat in the
first exon of the human androgen receptor gene (HUMARA)
and a DNA sequence recognized by HhaI that is consistently
methylated in the inactive HUMARA allele only.20-22 Primers
and PCR cycling conditions were designed as previously de-
scribed.21,23,24 The reactions were run in duplicate and opti-
mized for a 10-�L reaction in a Perkin-Elmer thermal cycler
model 480 (Perkin-Elmer, Norwalk, CT).

The whole PCR volume was electrophoresed into 0.75-
mm-thick 8% nondenaturing polyacrylamide gel at 5 V/cm
until a xylene cyanol band was located within the bottom inch
of the gel. After fixation with 7% acetic acid (5 minutes), the
gels were dried under vacuum (80°C, 40 minutes) and put
inside a developing cassette containing 1 intensifying screen
and preflashed films (Kodak XAR; Kodak Co, Rochester, NY)
facing the intensifying screen (16 to 48 hours, �70°C). The

autoradiograms were developed using an automated proces-
sor Kodak-Omat 100.

Allelic imbalance was densitometrically evaluated (EC
model 910 optical densitometer; EC Apparatus Corp, St Pe-
tersburg, FL), and evidence of monoclonal proliferation was
considered to be allele ratios �4:1 with the normalized HhaI-
digested samples. Sample normalization was done in relation
to the corresponding undigested sample and tissue controls.
Only informative cases (2 different alleles in HhaI-undigested
and HhaI-digested samples) were included in the final analy-
sis.21,23-26

Slide Cytometric Analysis of DNA Content

Several Feulgen-stained 5-�m sections were used for
DNA quantification according to previously published proto-
cols that have proven valid in such material.14,27,28 Densito-
metric evaluation was performed using the cell analysis system
model 200 and the quantitative DNA analysis package as
software (Becton Dickinson, Franklin Lakes, NJ). At least 200
nuclei were measured in every case, beginning in the most
cellular area through completion in consecutive microscopic
high-power fields. Only complete, nonoverlapping, and fo-
cused nuclei were quantified in each field.27

External staining calibration was carried out with com-
plete rat hepatocytes (Becton Dickinson; 1 slide per staining
holder) to normalize the internal controls; the latter included
both lymphocytes and adrenocortical cells from histologically
normal areas present in the same tissue section. The internal
controls were used to set the G0/G1 cell limits and calculate
the DNA index of each G0/G1 peak (�10% of measured cells
with evidence of G2 � M cells).27,29 The proliferation rate
(PR � S- � G2- � M-phase fraction) was calculated from the
DNA histogram by subtracting the number of cells within
G0/G1 limits from the total number of cells measured. The
values were compared with total cell number and expressed
as percentages.14,29

Nuclear DNA Quantification by
Flow Cytometry

Serial 50-�m-thick sections were microdissected, and nu-
clear preparations were stained with propidium iodine after
RNase A digestion to study DNA ploidy (by the technique of
Hedley et al30). DNA quantification parameters included
DNA indices and PRs as described,3,29 and the scatter analysis
of nuclear area and DNA content allowed identification of
apoptotic cells in each cell cycle phase (low nuclear area for
a given DNA content in each cell cycle phase).31 Those results
were additionally coupled with in situ end labeling (ISEL) to
identify apoptotic cells in terms of DNA fragmentation (see
below). External diploid controls from paraffin-embedded
tissues (lymphocyte from reactive lymph nodes and adrenal
cortical cells from histologically normal adrenal glands) were
used to determine DNA indices and to standardize the nu-
clear area/DNA content analysis (considering only adrenal
cortical cells for the last purpose).3 Proliferation rate (PR)
was calculated as described for slide cytometry, using the
rectangular model for evaluation of the cell cycle histogram.29

ISEL of Fragmented DNA

Extensive DNA fragmentation associated with apoptosis
was detected by ISEL as previously reported.13,14,32 After rou-
tine dewaxing and hydration, the sections were incubated in
2x standard saline citrate (20 minutes at 80°C) and digested
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with proteinase K (100 �g/mL in Tris-HCl, pH 7.6, for 30
minutes at room temperature) in a moist chamber.

DNA fragments were labeled on 5�-protuding termini by
incubating the sections with the Klenow fragment of Esche-
richia coli DNA polymerase I (20 U/mL in 50 mmol/L Tris-
HCl, pH 7.5; 10 mmol/L MgCl2; 1 mmol/L dithiothreitol;
250 �g/mL bovine serum albimin; 5 �m of each deoxyade-
nosine triphosphate, deoxycytidine triphosphate, and de-
oxyguanosine triphosphate; 3.25 �mol/L deoxythymidine
triphosphate; and 1.75 �mol/L 11-digoxigenin–deoxyuri-
dine triphosphate) at 37°C in a moist chamber. The incorpo-
rated digoxigenin–deoxyuridine monophosphates were im-
munoenzymatically detected by using antidigoxigenin Fab
fragments labeled with alkaline phosphatase (7.5 U/mL, in
100 mmol/L Tris-HCl pH 7.6, 150 mmol/L NaCl, 1% bovine
serum albumin) for 4 hours at room temperature. The reac-
tions were developed with the mixture nitroblue tetrazo-
lium-X phosphate in 100 mmol/L Tris-HCl pH 9.5, 100
mmol/L NaCl, 50 mmol/L MgCl2 under microscopic con-
trol. Appropriate controls were simultaneously run, including
positive (reactive lymph node), negative (same conditions
omitting DNA polymerase I), and enzymatic (DNase I diges-
tion before the end labeling). The enzymatic controls were
used to reliably establish the positivity threshold in each
sample.

The ISEL index was expressed as percentages of positive
nuclei referred to the total number of adrenal cortical cells
present in the same high-power field.14,33,34 At least 50 con-
secutive high-power fields were screened, beginning in the
most cellular area (from the biggest nodule for ACNH).

Evaluation of Microvessel Pattern

The sections were mounted on positively charged micro-
scope slides (Superfrost Plus; Fisher Scientific, Fair Lawn, NJ)
and baked at 60°C for 2 hours. The slides were routinely
dewaxed and rehydrated. The endogenous peroxidase activ-
ity was then quenched with 0.5% H2O2 in methanol, 10
minutes). A microwave antigen-retrieval method (20 minutes
in 10 mmol/L citrate buffer, pH 6.0, at 600 W) was used,
followed by incubation with polyclonal horse serum (20 min-
utes, 1:100 dilution; Dako, Glostrup, Denmark) and with
monoclonal anti-CD31 antibody (overnight at 4°C) at 2
�g/mL (Dako). Sections were then serially incubated with
biotinylated antimouse antibody (30 minutes, 1:200 dilution;
Dako) and peroxidase-labeled avidin–biotin complex (60
minutes, 1:100 dilution; Dako). All incubations were per-
formed in a moist chamber at room temperature unless
otherwise specified. The reaction was developed under mi-
croscopic control, using 3,3�-diaminobenzidine tetrahydro-
chloride with 0.3% H2O2 as chromogen (Sigma Chemical, St
Louis, MO), and the sections were counterstained with he-
matoxylin. Both positive (reactive lymph node) and negative

(omitting the primary antibody) controls were simultaneously
run.

Blood vessel morphometry was evaluated in at least 20
medium-power fields (100x), using a computer-aided image
analysis system (Kontron MOP Videoplan). The area and
perimeter of each blood vessel and the number of blood
vessels were measured per square millimeter, mean and SD
were determined. The total vascular area results from the
product of the number of microvessels times the microvessel
average area. Therefore, an inverse correlation between mi-
crovessel number and area per square millimeter should be
expected for a given total vascular area. Imbalances of that
correlation result in decreased or increased vascularization
compared with the standard. Area/perimeter correlation per
microvessel informs on the blood vessel shape.

Standard values for these microvessel variables were ob-
tained from 10 histologically normal adrenal glands excised
for extraadrenal pathology (ie, renal cell carcinoma). The
upper limits of the 95% confidence intervals were area, 186
�m2/mm2; perimeter, 56 �m; and density, 50 microvessels/
mm2.

Statistical Analysis of Quantitative Variables

The results of microvessel variables were compared by
diagnostic group (ACNH/ACA/ACC) and by clonality pat-
tern in benign lesions (polyclonal v monoclonal). Variables
showing normal distribution were analyzed using the Student
t test, whereas analyses of variance were used for variables with
nonparametric distribution. Normal distribution was previ-
ously tested by the Kolmogorov-Smirnoff test. Microvessel
variables were also categorized and analyzed by the Fisher
exact test using the following thresholds: microvessel area,
186 �m2; microvessel perimeter, 56 �m; microvessel density,
50/mm2. The results were considered statistically significant
at P � .05 in 2-tailed distributions. Regression analyses were
also performed to test the correlation between microvessel
variables, proliferation, and apoptosis in both polyclonal and
monoclonal lesions.

RESULTS

Polyclonal patterns were observed in 14 (78%) of
18 informative ACNHs and 3 (14%) of 22 informative
ACAs, and monoclonal patterns were seen in 4 (22%)
of 18 ACNHs, 19 (86%) of 22 ACAs, and 9 (100%) of 9
ACCs. The sequence ACNH–ACA–ACC was character-
ized by a progressive increased in proliferation and
apoptosis markers as well as in microvessel area and
perimeter (Table 1, Fig 1), but differences were statis-
tically significant only in comparisons between benign

TABLE 1. Microvessel Morphometry and Kinetic Features in Adrenocortical Proliferative Lesions

ACNH
(Mean � SD)

ACA
(Mean � SD)

ACC
(Mean � SD)

Statistical
Significance

Vessel area (�m2/mm2) 157.23 � 123.61 216.32 � 200.34 958.07 � 1279.86 P � .0001
Vessel perimeter (�m/mm2) 48.81 � 10.15 55.04 � 14.05 135.36 � 108.58 P � .0001
Vessel density (no./mm2) 67.28 � 45.90 59.50 � 37.05 34.40 � 19.61 NS
Proliferation rate
Slide Cytometry (%) 16.67 � 9.42 22.59 � 11.03 34.17 � 8.84 P � .0002
Flow Cytometry (%) 13.64 � 5.73 13.69 � 6.29 23.49 � 5.60 P � .0002

ISEL 0.58 � 0.19 1.03 � 0.52 4.55 � 1.52 P � .0001
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(ACNH and ACA) and malignant (ACC) conditions
(Fig 2). In contrast, microvessel density decreased pro-
gressively in the same transition (Table 1). Case classi-
fication of benign lesions by clonal pattern only re-
vealed significant differences for the proliferation rate
estimated by slide cytometry (Table 2, Fig 3). After case
categorization, statistically significant differences were
also revealed for microvessel area (6% of polyclonal
and 57% of monoclonal lesions had microvessel area

�186 �m2; P � .0000008), whereas the distribution of
microvessel perimeter and density was not significantly
different. Using cytometric criteria, apoptotic cells were
detected in 10 benign cases, 8 with microvessel area
�186 �m2 (4 polyclonal and 4 monoclonal; P � .0088)
and 2 with microvessel density �50/mm2 (both cases
monoclonal; P � .0002; Fig 2). All malignant tumors
also showed apoptotic cells in flow cytometry, but with
no correlation with the microvessel pattern.

Figures 4 and 5 show the relationship between
microvessel and kinetic features. Polyclonal lesions had
an inverse correlation between microvessel area and
both proliferation and apoptosis (Fig 4A, B), whereas

FIGURE 1. Morphometric features of small vessels (SV) in AC-
NHs, ACAs, and ACCs. All morphometric variables showed
significant differences for the distinction between ACNH-ACA
and ACC. Units/mm2: area � �m2; density � number; perime-
ter � �m.

FIGURE 2. Microvessel net-
work in adrenal cortical
lesions shown by CD31 im-
munostaining. Polyclonal le-
sions showed delicate mi-
crovessels with small total
vascular area (A, nodular
hyperplasia, original magni-
fication �100; B, adenoma,
original magnification �100),
whereas monoclonal lesions
showed dilated microves-
sels and increased total vas-
cular area (C, adenoma,
original magnification �200;
D, carcinoma, original mag-
nification �200).

TABLE 2. Microvessel Morphometry and Kinetic
Features by Clonal Patterns in Benign Adrenocortical

Proliferative Lesions

Polyclonal
Lesions

(Mean � SD)

Monoclonal
Lesions

(Mean � SD)
Statistical
Significance

Vessel area
(�m2/mm2) 157.53 � 128.42 233.90 � 204.43 NS

Vessel perimeter
(�m/mm2) 49.98 � 10.55 55.79 � 14.32 NS

Vessel density
(no./mm2) 65.74 � 40.18 54.18 � 37.92 NS

Proliferation rate
Slide cytometry
(%) 15.53 � 7.85 22.73 � 10.71 P � .0187

Flow cytometry
(%) 13.54 � 6.36 13.02 � 5.36 NS

ISEL 0.68 � 0.41 0.90 � 0.31 NS
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the correlation was direct between microvessel density
and both proliferation and apoptosis (Fig 4C, D). In
contrast, monoclonal lesions had direct correlation be-
tween proliferation and both area and density of mi-
crovessels (Fig 5A, C) but an inverse correlation be-
tween apoptosis and microvessel area and density (Fig
5B, D). A linear correlation was demonstrated in all
these analyses.

DISCUSSION

The microvascular pattern of adrenocortical le-
sions showed a significant increase in the vascular area
in ACCs compared with benign adrenocortical lesions
(ACNHs and ACAs) and a distinctive relationship be-
tween proliferation and apoptosis in monoclonal be-
nign proliferative lesions. The increase in both mi-

crovessel area and microvessel density helps maintain
the inverted relationship between apoptosis and prolif-
eration in monoclonal adrenocortical lesions, provid-
ing a functional basis for clonal selection in ACNHs and
ACAs.

Monoclonal lesions showed a distinctive correla-
tion of microvessel area and density with proliferation
(direct) and apoptosis (inverse), which would facilitate
self-maintained growth. The microvessel pattern was
shown to be significantly different for ACCs and for
monoclonal benign adrenocortical lesions. These find-
ings support the important role postulated for angio-
genesis in tumor cell kinetic and progression of endo-
crine tumors, including adrenocortical neoplasms. The
mean microvessel area and the total vascular area was
significantly higher in ACCs than in ACNHs and ACAs,
similar to results previously reported,35 but no signifi-
cant differences between benign adrenocortical lesions
were seen. An inverse relationship between microvessel
area and density must be expected under physiologic
conditions. This scenario was proved in polyclonal le-
sions: proliferation and apoptosis showed a direct cor-
relation with each other and with microvessel density
but an inverse correlation with microvessel area. The
opposite situation (direct relationship between mi-
crovessel area and density) was observed for monoclo-
nal lesions: inverse correlation between proliferation
and apoptosis, with greater microvessel area and den-
sity in lesions with high proliferation rate and low ap-
optosis index. These 2 microvessel factors (high area
and density) help maintain the kinetic advantage re-
lated to high proliferation and low apoptosis. The in-
creased blood supply contributes to cell proliferation,
providing oxygen and nutrients for cycling cells on 1
hand and, on the other hand, trophic/growth factors
essential in most endocrine organs. The absence of
these factors results in endocrine gland atrophy by
apoptosis.9,36 A less efficient blood supply of growing
glands helps increase their apoptotic rate, thus result-
ing in parallel trends of proliferation and apoptosis. A
better supply overrides apoptosis, explaining the in-
verse proliferation/apoptosis correlation because of
apoptosis downregulation in monoclonal lesions.
Eventually, these 2 kinetic parameters will segregate
monoclonal proliferation with ACAs rather than with
ACNHs3

The distinctive microvessel pattern represents a
key element to explain the kinetic abnormalities lead-
ing to tumor promotion. Cell kinetics represent the
basic mechanisms leading to clonal expansions and
tumor growths.3,9,10 In terms of the correlation between
apoptosis and proliferation, polyclonal lesions showed
increasing apoptosis in response to increasing prolifer-
ative rates. However, monoclonal lesions had progres-
sively lower apoptotic rates as proliferation increased.
That inverted relationship between apoptosis and pro-
liferation in monoclonal adrenocortical lesions also
provides a functional basis for clonal selection and
segregates ACNHs from neoplastic ACAs. The correla-
tion between proliferation and apoptosis provides rules
for cellular selection, ie, clonal expansion or regres-

FIGURE 3. (A) DNA ploidy and (B) ISEL in a monoclonal ACA.
The larger allele was preferentially methylated in both periph-
eral (lanes 3, undigested DNA, and 4, digested DNA) and
internal (lanes 5, undigested DNA, and 6, digested DNA) sam-
ples, and the control sample was polyclonal (C, lanes 1, undi-
gested DNA, and 2, digested DNA). Apoptosis was shown by
cells with low nuclear area/DNA content (preceding peak 2 in
A) and by nuclear staining using ISEL (B).
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sion. Downregulated apoptosis (as revealed by ISEL)
has been reported in intraepithelial neoplasms of dif-
ferent locations and would allow both survival and rep-
lication of genetically damaged cells, giving rise to mu-
tation accumulation in those cells.11,13,14 A maintained
cell proliferation would transmit those genetic changes
into descendant cells, and a relatively blocked apopto-
tic process would allow genetically damaged cells to
complete the replication cycle, ending in mutation ac-
cumulation and tumor promotion.12 This inverted cor-
relation with maintained proliferation and downregu-
lated apoptosis is substantiated by increasing the
effective vascular area and by decreasing the distance
between proliferating cells and microvessels (higher
density). This pattern also contribute to clonal progres-
sion, whereas the opposite scenario would lead to clone
regression.3,9,14,15

The microvessel pattern can also help explain his-
tologic findings in adrenocortical proliferative lesions.
Interstitial fibrin deposition from leaky tumor vessels
provides a provisional stroma that serves to regulate the
influx of inflammatory cells and facilitates the inward
migration of new blood vessels and fibroblasts, the
mature tumor stroma.37 That process has shown a piv-
otal role in promoting tumor growth.38 Stromal and
vascular proliferations in tumors have been described
in both adrenocortical and medullary neoplasms,3,39

either as reactions to invasion or as expressions of
regression. This vascular supply helps increase the pro-
liferation rate and the proportion of tetraploid cells
(because of nondisjunctional mitoses).27,39,40 The apo-
ptotic rate increased significantly only for ACCs, for
which the accumulation of genetic alterations would
lead to lethal effects.

ACNHs and ACAs showed a heterogeneous clonal
profile, as previously reported,1,2 with polyclonal le-
sions predominating in ACNHs and monoclonal le-
sions predominating in ACAs and ACCs.3 Endocrine
hyperplasias have shown polyclonal patterns,2,4-6
whereas most endocrine adenomas have been reported
monoclonal.4-6 Those findings support the concept of
multistep tumorigenesis.41 Monoclonal lesions showed
significantly higher proliferation and microvessel area
(Table 2), although heterogeneity was the most re-
markable finding for all features. Proliferation of un-
selected cells would explain that heterogeneity and
correlates with the cell-selection process activated dur-
ing neoplastic transformation, which is essentially main-
tained by the microvessel network. Any kinetic advan-
tage in small cell groups sharing a given genetic
background would result in their preferential growth,
thus yielding an overall monoclonal pattern,42 even in
early stages.43,44

In conclusion, the microvessel profile of monoclo-

FIGURE 4. Parallel correlations were seen in polyclonal lesions for (A, C) proliferation and (B, D) apoptosis in their comparison with
(A, B) small vessel (SV) area (negative correlation) and (C, D) SV density (positive correlation).
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nal adrenocortical lesions is characterized by parallel
increases in microvessel area and density that correlate
directly with proliferation and inversely with apoptosis.
This distinctive microvessel pattern certainly helps
maintain the kinetic advantage (high proliferation and
low apoptosis), clonal cell selection, and eventually cel-
lular progression in those lesions.
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14. Koch M, de Miguel M, Höfler H, et al: Kinetic profiles of
intraepithelial and invasive prostatic neoplasias: the key role of down-
regulated apoptosis in tumor progression. Virchows Arch 436:413-
420, 2000

15. Sasano H, Imatani A, Shizawa S, et al: Cell proliferation and
apoptosis in normal and pathologic human adrenal. Mod Pathol
8:11-17, 1995

16. Cordon-Cardo C: Mutations of cell cycle regulators. Biolog-
ical and clinical implications for human neoplasia. Am J Pathol
147:545-560, 1995

17. Diaz-Cano SJ, Leon MM, de Miguel M, et al: Diagnostic and
prognostic parameters in adrenal cortical proliferative lesions: A
critical review. Lab Invest 74:47A, 1996

18. Williams ED, Siebenmann RE, Sobin LH: Histological typing

FIGURE 5. Parallel and direct correlation between proliferation and both (A) small vessel (SV) area and (B) density was observed
in monoclonal adrenal cortical lesions. (B, D) In contrast, the correlation was parallel and inverse for apoptosis. Lesions showing
high proliferation and low apoptosis displayed high vascular area and density simultaneously.

HUMAN PATHOLOGY Volume 32, No. 11 (November 2001)

1238



of endocrine tumours. Geneva, Switzerland, World Health Organiza-
tion, 1980

19. Diaz-Cano SJ, Brady SP: DNA extraction from formalin-
fixed, paraffin-embedded tissues: Protein digestion as a limiting step
for retrieval of high-quality DNA. Diagn Mol Pathol 6:342-346, 1997

20. Allen RC, Zoghbi HY, Moseley AB, et al: Methylation of
HpaII and HhaI sites near the polymorphic CAG repeat in the human
androgen-receptor gene correlates with X chromosome inactivation.
Am J Hum Genet 51:1229-1239, 1992

21. Mutter GL, Boynton KA: PCR bias in amplification of andro-
gen receptor alleles, a trinucleotide repeat marker used in clonality
studies. Nucleic Acids Res 23:1411-1418, 1995

22. Sleddens HF, Oostra BA, Brinkmann AO, et al: Trinucle-
otide repeat polymorphism in the androgen receptor gene (AR).
Nucleic Acids Res 20:1427, 1992

23. Mutter GL, Chaponot ML, Fletcher JA: A polymerase chain
reaction assay for non-random X chromosome inactivation identifies
monoclonal endometrial cancers and precancers. Am J Pathol 146:
501-508, 1995

24. Diaz-Cano SJ, Blanes A, Wolfe HJ: PCR techniques for clonal-
ity assays. Diagn Mol Pathol 10:24-33, 2001

25. Diaz-Cano SJ, Blanes A, Rubio J, et al: Molecular evolution
and intratumor heterogeneity by topographic compartments in mus-
cle-invasive transitional cell carcinoma of the urinary bladder. Lab
Invest 80:279-289, 2000

26. Diaz-Cano SJ: Designing a molecular analysis of clonality in
tumours. J Pathol 191:343-344, 2000

27. Diaz-Cano S, Gonzalez-Campora R, Rios-Martin JJ, et al:
Nuclear DNA patterns in adrenal cortex proliferative lesions. Vir-
chows Arch A Pathol Anat Histopathol 423:323-328, 1993

28. Bibbo M, Bartels PH, Dytch HE, et al: Cell image analysis, in
Bibbo M (ed): Comprehensive Cytopathology. Philadelphia, PA,
Saunders, 1991, pp 965-983

29. Dressler LG: Controls, standards, and histogram interpreta-
tion in DNA flow cytometry. Methods Cell Biol 33:157-171, 1990

30. Hedley DW, Friedlander ML, Taylor IW, et al: Method for
analysis of cellular DNA content of paraffin-embedded pathological
material using flow cytometry. J Histochem Cytochem 31:1333-1335,
1983

31. Sherwood SW, Schimke RT: Cell cycle analysis of apoptosis
using flow cytometry. Methods Cell Biol 46:77-97, 1995

32. Wijsman JH, Jonker RR, Keijzer R, et al: A new method to
detect apoptosis in paraffin sections: In situ end-labeling of frag-
mented DNA. J Histochem Cytochem 41:7-12, 1993

33. Diaz-Cano SJ, Leon MM, de Miguel M, et al: Mitotic index
quantification: Different approaches and their value in adrenocorti-
cal proliferative lesions. Lab Invest 74:170A, 1996

34. Harjacek M, Diaz-Cano S, Alman BA, et al: Prominent Ex-
pression of mRNA for proinflammatory cytokines in synovium in
patients with juvenile rheumatoid arthritis or chronic lyme arthritis.
J Rheumatol 27:497-503, 2000

35. Sasano H, Ohashi Y, Suzuki T, et al: Vascularity in human
adrenal cortex. Mod Pathol 11:329-333, 1998

36. Vaux DL: Toward an understanding of the molecular mech-
anisms of physiological cell death. Proc Natl Acad Sci USA 90:786-
789., 1993

37. Nagy JA, Brown LF, Senger DR, et al: Pathogenesis of tumor
stroma generation: A critical role for leaky blood vessels and fibrin
deposition. Biochim Biophys Acta 948:305-326, 1989

38. Dvorak HF, Sioussat TM, Brown LF, et al: Distribution of
vascular permeability factor (vascular endothelial growth factor) in
tumors: concentration in tumor blood vessels. J Exp Med 174:1275-
1278, 1991

39. Diaz-Cano SJ, de Miguel M, Blanes A, et al: Clonal patterns
in phaechromocytomas and MEN-2A adrenal medullary hyperplasias:
Histologic and kinetic correlates. J Pathol 192:221-228, 2000

40. Gonzalez-Campora R, Diaz Cano S, Lerma-Puertas E, et al:
Paragangliomas. Static cytometric studies of nuclear DNA patterns.
Cancer 71:820-824, 1993

41. Knudson AG Jr, Hethcote HW, Brown BW: Mutation and
childhood cancer: A probabilistic model for the incidence of retino-
blastoma. Proc Natl Acad Sci USA 72:5116-5120, 1975

42. Jacoby LB, Hedley-Whyte ET, Pulaski K, et al: Clonal origin
of pituitary adenomas. J Neurosurg 73:731-735, 1990

43. Nowell PC: The clonal evolution of tumor cell populations.
Science 194:23-28, 1976

44. Hicks DG, LiVolsi VA, Neidich JA, et al: Clonal analysis of
solitary follicular nodules in the thyroid. Am J Pathol 137:553-562,
1990

MICROVESSELS IN ADRENAL CORTICAL LESIONS (Diaz-Cano et al)

1239



www.elsevier.com/locate/humpath
Original contribution

DNA and kinetic heterogeneity during the clonal evolution
of adrenocortical proliferative lesions
Alfredo Blanes MD, PhDa, Salvador J. Diaz-Cano MD, PhD, FRCPatha,b,*
aDepartment of Pathology, University Hospital of Malaga, 29010 Malaga, Spain
bDepartment of Pathology, King’s College Hospital and King’s College London School of Medicine, University of London,

London SE5 9RS, UK

Received 1 March 2006; revised 21 April 2006; accepted 21 April 2006
0046-8177/$ – see front matter D 2006

doi:10.1016/j.humpath.2006.04.025

This manuscript was presented in p

United States and Canadian Academy

March 1996 and March 2003), and at

International Academy of Pathology, Am

* Corresponding author. Department

Hospital, Denmark Hill, SE5 9RS Lond

E-mail address: salvador.diaz-cano@

Keywords:
Adrenocortical nodular

hyperplasias;

Adrenocortical;

Neoplasm;

Cell heterogeneity;

Kinetics;

Clonality
Summary Monoclonal adrenocortical lesions show inverse correlation between proliferation and

apoptosis, with proliferation being the single most important criterion of malignancy in adrenal lesions.

No study yet has evaluated the variability of proliferation regarding the clonal pattern and diagnosis in

adrenocortical nodular hyperplasias (ACNHs), adrenocortical adenomas (ACAs), and adrenocortical

carcinomas (ACCs). We studied 69 ACNHs, 64 ACAs, and 23 ACCs (World Health Organization

criteria) from 156 females. Clonality HUMARA test (from microdissected DNA samples), DNA content

and proliferation analysis (slide and flow cytometry), and mitotic figure (MF) counting/50 high-power

fields (HPFs) were performed in the same areas. Heterogeneity was assessed by 5cER (percentage of

nonoctaploid cells with DNA content exceeding 5c) and standard deviation of MF/HPF. Statistics

included analysis of variance/Student t tests regarding the clonal patterns and diagnosis. Polyclonal

patterns were observed in 48 of 62 informative ACNHs and 7 of 56 informative ACAs, and monoclonal

in 14 of 62 ACNHs, 49 of 56 ACAs, and 21 of 21 ACCs, with all hyperdiploid lesions (14 ACCs and

13 ACAs) being monoclonal. The standard deviation of MF/HPF progressively increased in ACNH-

ACA-ACC (0.048 F 0.076, 0.110 F 0.097, 0.506 F 0.291, respectively; P = .0023), but did not

differentiate ACNH/ACA. Only tetraploid percentage (P = .0496) and 5cER (P = .0352) distinguished

polyclonal (3.64 F 2.20 and 0.14 F 0.15) from monoclonal (7.25 F 7.52 and 1.00 F 1.74) benign

lesions. Malignancy significantly correlated with a low diploid percentage and high tetraploid percent-

age. Cell kinetic heterogeneity is the hallmark of adrenocortical neoplasms: tetraploid/hypertetraploid

cell accumulation characterizes monoclonal lesions (suggesting nondisjunctional mitoses), whereas

heterogeneously distributed mitotic figures and decreased diploid percentage define ACCs.

D 2006 Elsevier Inc. All rights reserved.
Elsevier Inc. All rights reserved.
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1. Introduction

Proliferation can assess endocrine neoplasm progression

and is the single most important malignancy criterion in the

adrenal cortex [1-3] and provides helpful prognostic

information for grading adrenocortical carcinomas (ACCs)

[4]. However, there is no consensus on an accurate and
Human Pathology (2006) 37, 1295–1303
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reliable method for evaluating the mitotic rate [3,5,6], and

no study yet has determined the significance of mitotic

figure (MF) counting variability. Proliferation is also closely

related with DNA content and has been studied in multiple

conditions, both reactive and neoplastic.

Neoplasms result from the progressive and convergent

selection of cell populations for which clonality is still the

hallmark indicative of acquired somatic mutations [7-10].

However, the molecular events during neoplastic transfor-

mation are not completely understood and remain essen-

tially unknown, which leaves X-chromosome inactivation

assays as the best molecular option, because this test is not

based on any tumor-related genetic alteration [11,12].

Clonality offers a better understanding of tumors if it is

combined with proliferation and apoptosis [13-15]: poly-

clonal patterns predominate in adrenocortical nodular

hyperplasias (ACNHs) and show increasing apoptosis as a

counterpoise to rising proliferative rates, whereas mono-

clonal patterns predominate in adrenocortical adenomas

(ACAs) and have progressively lower apoptotic rates as

proliferation increases. That inverted proliferation/apoptosis

relationship provides the best selective mechanism, resulting

in dominant clone expansion and monoclonal patterns in

ACAs, whereas direct correlation gives a less selective

mechanism, allowing balanced expansion of clones and

polyclonal patterns in ACNHs. Nothing yet has been done

to this respect in ACCs.

The sequence hyperplasiaZadenomaZcarcinoma has

been proposed as a model for neoplastic transformation in

endocrine organs. However, the results reported for DNA

ploidy and clonality patterns are heterogeneous and do not

show a consistent relationship with the histologic diagnosis

[16-19]. In addition, there is no information about the

relative timing of proliferation, DNA content abnormalities,

and clonality profile. The reason for this disagreement is

partly related with tissue heterogeneity, which affects both

kinetic and genetic features [15,20-22].

This study evaluates the kinetic features of ACNHs,

ACAs, and ACCs, by clonal patterns (X-chromosome

inactivation) in microdissected tissue samples. We also

assess DNA and kinetic variability in these conditions by

slide and flow cytometry of DNA ploidy.
2. Materials and methods

2.1. Case selection and sampling

Consecutive adrenocortical proliferative lesions in

females (156) were selected and histologically evaluated,

including 69 ACNHs, 64 ACAs, and 23 ACCs. All surgical

specimens were routinely processed for histologic diagnosis

and sampled with at least 1 block per centimeter of

maximum lesion diameter. The cases were classified

according to the World Health Organization and Armed

Forces Institute of Pathology criteria [23,24], incorporating
the scoring diagnostic systems and follow-up data (mean,

159 months) [3,5,6], being lesions with metastases classified

as malignant.

The most cellular areas from the biggest nodule in each

case of ACNHs and from every ACA and ACC were

screened and selected for further analysis. The same areas

were used in each analysis; hematoxylin and eosin–stained

sections taken before and after the specimen samples were

used to check the cellular composition of each sample.

2.2. X-Chromosome inactivation assay

Two 20-lm unstained paraffin sections were used for

microdissection under microscopic control. Adrenocortical

cells and controls (histologically normal adrenal cortex,

adrenal medulla, and periadrenal soft tissue from the same

slide) underwent DNA extraction. At least 2 separated areas

of 0.25 mm2, containing about 100 target cells each, were

harvested from both peripheral and internal areas of the

biggest nodule in ACNHs, ACAs, and ACCs.

DNA was extracted from the samples using a modified

phenol-chloroform protocol, as described [25]. Half of

each sample underwent HhaI (New England Biolabs,

Beverly, Mass) digestion (0.8 U/lL), with the remaining

half kept undigested and both processed identically. The

samples were digested under appropriate buffer conditions

(50 mmol/L potassium acetate, 20 mmol/L Tris acetate,

10 mmol/L magnesium acetate, 1 mmol/L dithiothreitol,

pH 8.0, 100 lg/mL bovine serum albumin, 100 lg/mL

mussel glycogen) at 378C for 4 to 16 hours. A mimicker

(0.3 lg of double-stranded and XhoI-linearized /X174-

RII phage; Life Technologies, Gaithersburg, Md) was

included in each reaction mixture to check digestion

completion by gel electrophoresis. Incompletely digested

samples were phenol-chloroform purified and redigested

with higher HhaI concentration.

HhaI was then inactivated by phenol-chloroform extrac-

tion as described [25]. DNA was precipitated with ice-cold

absolute ethanol in the presence of 0.3 mol/L sodium acetate

(pH 5.2) and resuspended in 10 lL of polymerase chain

reaction (PCR) buffer (10 mmol/L Tris-HCl, pH 8.4,

50 mmol/L KCl, 1.5 mmol/L MgCl2, and 100 lg/mL

bovine serum albumin). Both HhaI-digested DNA and

undigested DNA were then used for PCR amplification of

the first exon CAG repeat of the human androgen receptor

gene (HUMARA) that included a DNA sequence recog-

nized by HhaI, which is consistently methylated in the

inactive HUMARA allele only [9,13,14,26,27]. The reac-

tions were run in duplicate and optimized for a 10-lL
reaction in a Perkin-Elmer thermal cycler model 480

(Perkin-Elmer, Norwalk, Conn)

The whole PCR volume was electrophoresed into

0.75-mm-thick 8% nondenaturing polyacrylamide gel at

5 V/cm and processed as described [9]: gels fixed with

7% acetic acid (5 minutes), dried under vacuum (808C,
40 minutes), and put inside a developing cassette containing
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one intensifying screen and preflashed films (Kodak XAR,

Kodak, Rochester, NY; 16-48 hours, �708C). The auto-

radiograms were developed using an automated processor

Kodak-Omat 100 (Kodak).

Interpretation and inclusion criteria in each sample were

as reported [9]. Allelic imbalance was densitometrically

evaluated (EC model 910 optical densitometer, EC Appa-

ratus, St Petersburg, FL), and evidence of monoclonal

proliferation was considered to be allele ratios 4:1 or higher

with the normalized HhaI-digested samples. Sample nor-

malization was done in relation to the corresponding

undigested sample and tissue controls. Only informative

cases (2 different alleles in HhaI-undigested and HhaI-

digested samples) were included in the final analysis

[8,9,14,15,28].

2.3. Mitotic figure counting

Mitotic figures were screened in the same 50 high-power

fields (HPFs) used for DNA cytometry and DNA extraction

in each compartment (7.140 mm2) as reported [29],

beginning in the most cellular area. Both the number of

positive nuclei per HPF and the number of neoplastic cells

intercepted by the microscope field diameter (n) were

registered. The last score was used to estimate the number

of neoplastic cells/HPF (N) using the formula N = (np/4)2 as
reported [30,31] and expressed per 1000 tumor cells. Both

the mean and SD were calculated as representative scores

per compartment and patient.

2.4. Immunohistochemical expression of Ki-67

The sections were mounted on positively charged slides

(Superfrost Plus, Fisher Scientific, Fair Lawn, NJ), baked at

608C for 2 hours, and processed as described [13,22,28,32].

After routine dewaxing and rehydration, endogenous perox-

idase quenching, and antigens heat retrieval, the slides were

transferred to a moist chamber. Nonspecific binding was

blocked with polyclonal horse serum and sections incubated

with monoclonal primary antibodies (overnight, 48C,
4 lg/mL, Dianova, Hamburg, Germany). Then, sections

were serially incubated with biotinylated antimouse antibody

and peroxidase-labeled avidin-biotin complex. The reaction

was developed under microscopic control, using 3,3V-
diaminobenzidine tetrahydrochloride with 0.3% H2O2 as

chromogen (Sigma, St Louis, Mo), and the sections counter-

stained with hematoxylin. Both positive (reactive lymph

node) and negative (omitting the primary antibody) controls

were simultaneously run.

2.5. Slide cytometric analysis of DNA content

Feulgen-stained sections were used for DNA quantifica-

tion [33], according to validated protocols for such material

[16,31,33]. Cell Analysis System 200 and Quantitative DNA

Analysis software (Becton Dickinson, Franklin Lakes, NJ)

were used for the densitometric evaluation. At least 200 com-

plete, nonoverlapping, and focused nuclei (or the whole
lesion if smaller) were measured in every case, beginning in

the most cellular area until completion in consecutive HPFs.

External diploid controls were used to determine DNA

indices (complete rat hepatocytes and lymphocytes from

reactive lymph nodes) and to standardize the nuclear area/

DNA content analysis (adrenocortical cells from normal

areas) [34]. The internal controls were used for setting the

G0/G1 cell limits and calculating the DNA index of each G0/

G1 peak (N10% of measured cells with evidence of G2 + M

cells) [16,35]. DNA histograms were used to calculate the

proliferation rate (PR = S + G2 + M/G0 + G1 + S + G2 + M),

5c exceeding rate (5cER or percentage of nonoctaploid cells

with DNA content exceeding 5c), and percentage of

tetraploid cells (DNA index, 1.85-2.25) [16,31,36].

2.6. Flow cytometric analysis of nuclear DNA

Serial 50-lm-thick sections were microdissected, and

nuclear preparations were stained with propidium iodine

after RNase A digestion to study DNA ploidy [37]. DNA

quantification parameters included DNA indices and prolif-

eration rates as described [14,35,36] and the scatter analysis

of nuclear area and DNA content to identify apoptotic cells

in each cell-cycle phase (low nuclear area for a given DNA

content in each cell-cycle phase), when coupled with in situ

end labeling (ISEL, see below). [14,34]. External diploid

controls from paraffin-embedded tissues (lymphocyte from

reactive lymph nodes and adrenocortical cells from histo-

logically normal adrenal glands) were used to determine

DNA indices and to standardize the nuclear area/DNA

content analysis (considering only adrenocortical cells for

the last purpose) [14]. Proliferation rate was calculated as

described for slide cytometry, using the rectangular model

for cell-cycle histogram evaluation [35].

2.7. In situ end labeling of fragmented DNA

Extensive DNA fragmentation associated with apoptosis

was detected by ISEL as reported [14,15,31,32]. After

routine dewaxing and hydration, the sections were incu-

bated in 2� SSC (20 minutes at 808C) and digested with

pronase (500 lg/mL, 25 minutes, room temperature) in a

moist chamber.

DNA fragments were labeled on 5V-protruding termini by

incubating the sections with the Klenow fragment of

Escherichia coli DNA polymerase I (20 U/mL in 50 mmol/L

Tris-HCl, pH 7.5, 10 mmol/L MgCl2, 1 mmol/L DTT,

250 lg/mL bovine serum albumin, 5 lmol/L of each dATP,

dCTP, dGTP, as well as 3.25 lmol/L dTTP, and 1.75 lmol/L

11-digoxigenin-dUTP), at 378C in a moist chamber. The

incorporated digoxigenin-dUMPs were immunoenzymati-

cally detected by using antidigoxigenin Fab fragments la-

beled with alkaline phosphatase (7.5 U/mL, in 100 mmol/L

Tris-HCl, pH 7.6, 150 mmol/L NaCl, 1% bovine serum

albumin) for 4 hours at room temperature. The reactions

were developed with the mixture nitroblue tetrazolium-X

phosphate in 100 mmol/L Tris-HCl (pH 9.5), 100 mmol/L
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NaCl, 50 mmol/L MgCl2 under microscopic control.

Appropriate controls were simultaneously run, including

positive (reactive lymph node), negative (same conditions

omitting DNA polymerase I), and enzymatic (DNase I

digestion before the end labeling). The enzymatic controls

were used to reliably establish the positivity threshold in

each sample.

2.8. Quantification of positive nuclei and
statistical analysis

At least 50 HPFs (7.6 mm2) were screened in each

pathologic group, beginning in the most cellular area (from

the biggest nodule for ACNHs). The number of positive

nuclei was expressed per high power fields and per 1000

tumor cells, and the mean and SD calculated in each

pathologic condition and patient as described [14,15,30,31].

The positivity threshold was experimentally established at

the positive control in each staining batch. Only nuclei with

staining features similar to those of their corresponding

positive control were considered positive for any marker.

Quantitative variables were compared by diagnostic

groups (ACNHs, ACAs, ACCs) and clonality patterns
Fig. 1 Clonality and DNA ploidy patterns in adrenocortical proliferativ

of tetraploid and hypertetraploid cells in the DNA histogram, whereas

mitotic figures.
(polyclonal, monoclonal). Variables showing normal distri-

bution were analyzed using 2-tailed Student t test, whereas

analyses of variance were used for variables with nonpara-

metric distribution. Normal distribution was tested by the

Kolmogorov-Smirnoff test. Results were considered statis-

tically significant if P b .05 in 2-tailed distributions. Finally,

the MFC thresholds for each diagnostic category (ACNHs,

ACAs, ACCs) using discriminant functions and the corre-

lation between different MF scores were calculated.
3. Results

Polyclonal patterns were observed in 48 (77.4%) of 62

informative ACNHs and 7 (12.5%) of 56 informative

ACAs, and monoclonal in 14 (22.6%) of 62 ACNHs, 49

(87.55%) of 56 ACAs, and 21 (100.0%) of 21 ACCs

(Fig. 1). Noninformative cases (unbalanced methylation of

androgen receptor alleles in control tissues) were excluded

from further analyses (7 ACNHs, 8 ACAs, and 2 ACCs).

Consistent methylation patterns were detected in both

peripheral and internal samples from the same cortical

nodule or tumor.
e lesions. Monoclonal pattern correlated with increased proportion

malignancy was mainly defined by heterogeneous distribution of



Table 1 Proliferation and DNA ploidy results in adrenocortical proliferative lesions by clonal pattern

Benign polyclonal (mean F SD) Benign monoclonal (mean F SD) Malignant monoclonal (mean F SD)

MF/50 HPF 0.69 F 1.03 0.90 F 1.18 14.69 F 15.16

SDMF/HPF 0.07 F 0.10 0.10 F 0.09 0.51 F 0.29

MF/1000 cells 0.12 F 0.20 0.24 F 0.30 3.52 F 3.73

MF/1000 cells (SD) 0.22 F 0.37 0.36 F 0.42 1.96 F 1.51

2c (%) 79.02 F 5.19 72.88 F 16.44 39.69 F 23.65

2c-4c (%) 17.21 F 4.27 19.10 F 9.51 42.71 F 25.81

4c (%) 3.64 F 2.20 7.25 F 7.52 11.62 F 17.11

5cER 0.14 F 0.15 1.00 F 1.74 5.65 F 6.15
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Most ACNHs were diploid (95.7%, 66/69), whereas 51

(79.7%) of 64 ACAs and 9 (39.1%) of 23 ACCs showed

diploid DNA content. All hyperdiploid neoplasms (11/13

informative ACAs and 13/14 informative ACCs) revealed

monoclonal patterns, whereas 3 hyperdiploid ACNHs were

found noninformative for clonality assay. Only tetraploid

percentage (P = .0496) and 5cER (P = .0352) distinguished

polyclonal from monoclonal benign lesions (Table 1).

Malignancy in monoclonal lesions significantly correlated

with lower percentage of diploid cells and higher percentage

of tetraploid cells as well.

No significant differences were found for proliferation

and ISEL indices after DNA-ploidy stratification, although

hyperdiploid neoplasms tended to show greater scores than

diploid ones. A heterogeneous immunohistochemical ex-

pression of Ki-67 was observed with high variability of

expression from field to field (ACNHs, 37.74% F 7.30%;

ACAs, 38.64% F 8.74%; ACCs, 41.26% F 8.74%). There

were no statistically significant differences in the immuno-

histochemical expression of Ki-67 according to topography

or diagnostic group. Proliferation rates were significantly

higher in polyclonal lesions with G0/G1 apoptosis than in

polyclonal lesions with no G0/G1 apoptosis (P = .005) and

in monoclonal lesions with no G0/G1 apoptosis than in
monoclonal lesions with G0/G1 apoptosis (Fig. 2; P = .009).

Apoptotic cells were revealed in G0/G1 phase in monoclonal

ACNHs (78.6%, 11/14) and polyclonal ACAs (71.4%, 5/7),

whereas they were present in any cell-cycle phase in all

ACCs. Both MF/50 HPFs and SDMF/HPF progressively

increased from ACNHs through ACAs to ACCs, but did not

differentiate polyclonal from monoclonal benign lesions.

Kruskal-Wallis 1-way analysis of variance showed

statistically significant differences for all mitotic indices

(P b .0001), distinguishing benign from malignant lesions,

but did not differentiate polyclonal from monoclonal benign

lesions (Table 1). For diagnostic purposes, a stepwise

discriminant analysis selected SDMF/HPF as independent

predictive variable (Table 2). With the use of the clas-

sification function coefficients, ACNHs were defined by

SDMF/HPF V 0.07, ACAs by 0.07 b SDMF/HPF V 0.30, and

ACCs by SDMF/HPF N 0.30.

The regression analyses of equivalent MFC variables

showed a linear correlation between MFC/50 HPFs and

MFC/1000 cells for both the total scores (R2 = 0.8572) and

the SD (R2 = 0.8417), and between SDMF/HPF and MF/50

HPFs: SDMF/HPF = 0.0183 MF/50 HPFs + 0.2367, R2 =

0.9125 for malignant monoclonal lesions; SDMF/HPF =

0.0716 MF/50 HPFs + 0.0314, R2 = 0.8275 for benign



Fig. 2 Proliferation (Ki-67) and apoptosis (ISEL) by clonal patterns in adrenocortical proliferative lesions. The presence of flow cytometric

detectable apoptosis (G0/G1 cells) correlated with higher proliferation in benign polyclonal lesions (direct correlation) and with lower

proliferation in benign monoclonal lesions (inverse correlation). Malignant monoclonal lesions always revealed apoptotic cells in any cell-

cycle phase.
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monoclonal lesions; and SDMF/HPF = 0.0911 MF/50 HPFs +

0.0077, R2 = 0.9485 for benign polyclonal lesions.
4. Discussion

The most important findings were the key role of mitosis

abnormalities during adrenocortical neoplastic transforma-

tion and the heterogeneous kinetic pattern of these lesions.

Monoclonal lesions are characterized by the accumulation

of tetraploid and hypertetraploid cells, suggesting nondis-

junctional mitoses. Adrenocortical carcinomas also reveal

heterogeneously distributed proliferating cells and de-

creased proportion of euploid cells.
Table 2 Stepwise discriminant analyses for MF counting (SDMF/HPF

Classification function coefficients

Benign polyclonal Benign monoclo

SDMF/HPF 2.12 4.00

Constant �1.15 �1.29

Study classification

Final diagnosis classification Percent correct Benign polyclon

Benign polyclonal 69.6 48

Benign monoclonal 50.0 30

Malignant monoclonal 78.3 0

Total 62.8 78
DNA-ploidy results confirmed the differences between

polyclonal and monoclonal proliferative lesions. Nondiploid

DNA contents were found in 60.9% (14/23) of ACCs,

21.3% (13/64) of ACAs, and only 4.3% (3/69) of ACNHs.

Those cases preferentially revealed hyperdiploid G0/G1 cells

and monoclonal patterns in 86% of informative cases. The

DNA content analysis has been reported as diagnostically

useless in differentiating benign from malignant conditions

[16,18,19]. However, the close association found between

DNA aneuploidy and monoclonal proliferation supports the

neoplastic nature of ACAs [14], and the heterogeneous

clonal profile of ACNHs (predominantly polyclonal) and

ACAs (predominantly monoclonal) suggests a multistep

process [14,38-40].
) in adrenocortical proliferative lesions

nal Malignant monoclonal

20.97

�6.35

al Benign monoclonal Malignant monoclonal Total

21 0 69

32 2 64

5 18 23

58 20 156



Fig. 3 Mitosis cycle and DNA-ploidy patterns in adrenocortical proliferative lesions. The DNA content analysis allows the separation of

cell-cycle phases, being G0/G1 cells diploid, S cells hyperdiploid, and G2 + M cells tetraploid. The increased fraction of tetraploid cells in

monoclonal adrenocortical lesions suggests the accumulation of either diploid G2 + M cells before cytokinesis or tetraploid G0/G1 cells. The

presence of any of those cell types suggests either defective DNA replication with G2 arrest or defective segregation of sister chromatids

(nondisjunctional mitosis), resulting in tetraploid G0/G1 cells accumulation. If the DNA defect(s) cannot be repaired, G2-arrested cells will

eventually undergo apoptosis, unless a dysfunctional DNA repair system allows the cells to progress in the cell cycle.
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This combined clonality-DNA ploidy study of adreno-

cortical lesions also revealed accumulation of tetra- and

hypertetraploid cells in monoclonal lesions, suggesting the

presence of cycling tetraploid G0/G1 cells (Fig. 3). Benign

monoclonal adrenocortical lesions reveal simultaneous

apoptosis downregulation and proliferation upregulation,

and promote a stromal vascular reaction to support this

demanding cell kinetics [14,28]. The inverted proliferation/

apoptosis relationship in monoclonal adrenocortical lesions

also provides a functional basis for cellular selection,

leading to clonal expansion (if proliferation predominates)

or regression (if apoptosis dominates) [7,8,13,17,41,42].

The significantly increased rate of hypertetraploid cells

(high 5cER correlated with monoclonal patterns) would

support the presence of cycling tetraploid G0/G1 cells,

which suggests associated abnormalities in the anaphase

checkpoint (Fig. 3).

Heterogeneity is the hallmark of cell kinetics during the

neoplastic transformation of adrenocortical cells, which

could be explained by the following. (a) Embryological
reasons, such as the patch-size concept (relative size of

contiguous cellular regions of the same lineage), can

determine the clonal pattern. Any kinetic advantage in small

cell groups sharing the same origin would result in their

preferential growth, thus yielding an overall monoclonal

pattern in early developmental stages, early neoplasms, and

precancerous conditions [43-45], but can also be responsible

for polyclonal patterns if 2 or more patches are mixed

together. (b) Pathologically, any tumor growth requires

stromal and vascular changes to be effective [28,46].

Adrenocortical adenomas tend to show vascular ectasia

and hemorrhage, especially in the internal area, and have

revealed bigger vascular areas of sinusoid-like structures

than ACNHs [28]. The dense thin-walled blood vessel

network in endocrine organs should certainly contribute to

that finding, providing also perivascular stromal cells. Those

nonepithelial components have been proposed as key

elements of epithelial cell growth by either secretion of

stimulatory factors or lack of inhibitory factors in thyroid

nodules and polyclonal pheochromocytomas [15,16,47].
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The multistep tumorigenesis assumes that tumor progression

evolves through genetic events, providing some proliferative

or invasive advantages to a small number of cells, resulting

in tumor heterogeneity. This cell selection process is better

revealed by dispersion variables, such as SD. SDMF/HPH thus

evaluates one aspect of tumor heterogeneity.

Adrenocortical carcinomas in this series have revealed

heterogeneously distributed proliferating cells with signifi-

cantly higher SDMF/HPF than benign lesions and decreased

proportion of euploid cells. Mitotic figure counting is the

most important variable for ACC diagnosis [3-6,48], with its

variability recorded as a confusing factor. Mitotic count and

tumor stage are essential in determining prognosis for

patients with ACCs [48], but the molecular complexity

and heterogeneity of these neoplasms are such that targeted

therapy needs to be patient specific. This issue has

diagnostic implications because greater SD increases

group overlapping and, therefore, the number of cases

with uncertain diagnosis. Result variability has been

higher for MFC than for SDMF/HPF, which explains the

selection of SDMF/HPF as a better diagnostic variable

(SDMF/HPH z 0.30 is highly suggestive of malignancy).

The isolated evaluation of SDMF/HPH revealed a sensitivity

of 76.9% and a specificity of 98.0%. However, proper

evaluation requires screening several HPFs because of both

the low proliferation index of adrenocortical lesions and the

short period of M phase compared with the interphase [3-6].

Despite requiring some extra time, such arguments should

encourage pathologists to include this approach as a

diagnostic tool.

In conclusion, mitosis abnormalities play a key role

during adrenocortical neoplastic transformation and a hetero-

geneous kinetic pattern is characteristic. Anaphase check-

point abnormalities would contribute to the accumulation of

both tetraploid and hypertetraploid cells in monoclonal

lesions and suggest nondisjunctional mitoses. Adrenocorti-

cal carcinomas also reveal heterogeneously distributed

proliferating cells (high SDMF/HPF) and decreased propor-

tion of euploid cells.
References

[1] DeLellis RA. Does the evaluation of proliferative activity predict

malignancy of prognosis in endocrine tumors? Hum Pathol 1995;

26:131-4.

[2] DeLellis RA. Proliferation markers in neuroendocrine tumors: useful

or useless? A critical reappraisal. Verh Dtsch Ges Pathol 1997;81:

53 -61.

[3] Weiss LM. Comparative histologic study of 43 metastasizing and

nonmetastasizing adrenocortical tumors. Am J Surg Pathol 1984;

8:163-9.

[4] Weiss LM, Medeiros LJ, Vickery Jr AL. Pathologic features of

prognostic significance in adrenocortical carcinoma. Am J Surg Pathol

1989;13:202-6.

[5] Hough AJ, Hollifield JW, Page DL, et al. Prognostic factors in adrenal

cortical tumors. A mathematical analysis of clinical and morphologic

data. Am J Clin Pathol 1979;72:390 -9.
[6] van Slooten H, Schaberg A, Smeenk D, et al. Morphologic

characteristics of benign and malignant adrenocortical tumors. Cancer

1985;55:766-73.

[7] Diaz-Cano SJ. Clonality studies in the analysis of adrenal medullary

proliferations: application principles and limitations. Endocr Pathol

1998;9:301 -16.

[8] Diaz-Cano SJ. Designing a molecular analysis of clonality in tumours.

J Pathol 2000;191:343-4.

[9] Diaz-Cano SJ, Blanes A, Wolfe HJ. PCR techniques for clonality

assays. Diagn Mol Pathol 2001;10:24-33.

[10] Fialkow PJ. Clonal origin of human tumors. Biochim Biophys Acta

1976;458:283 -321.

[11] Fialkow PJ. Primordial cell pool size and lineage relationships of five

human cell types. Ann Hum Genet 1973;37:39 -48.

[12] Lyon MF. Some milestones in the history of X-chromosome

inactivation. Annu Rev Genet 1992;26:16-28.

[13] Diaz-Cano SJ, Blanes A, Rubio J, et al. Molecular evolution and

intratumor heterogeneity by topographic compartments in muscle-

invasive transitional cell carcinoma of the urinary bladder. Lab Invest

2000;80:279 -89.

[14] Diaz-Cano SJ, de Miguel M, Blanes A, et al. Clonality as expression

of distinctive cell kinetics patterns in nodular hyperplasias and

adenomas of the adrenal cortex. Am J Pathol 2000;156:311 -9.

[15] Diaz-Cano SJ, de Miguel M, Blanes A, et al. Clonal patterns in

phaechromocytomas and MEN-2A adrenal medullary hyperplasias:

histologic and kinetic correlates. J Pathol 2000;192:221-8.

[16] Diaz-Cano S, Gonzalez-Campora R, Rios-Martin JJ, et al. Nuclear

DNA patterns in adrenal cortex proliferative lesions. Virchows Arch A

Pathol Anat Histopathol 1993;423:323-8.

[17] Sasano H, Imatani A, Shizawa S, et al. Cell proliferation and

apoptosis in normal and pathologic human adrenal. Mod Pathol

1995;8:11 -7.

[18] Hosaka Y, Rainwater LM, Grant CS, et al. Adrenocortical carcinoma:

nuclear deoxyribonucleic acid ploidy studied by flow cytometry.

Surgery 1987;102:1027 -34.

[19] Joensuu H, Klemi PJ. DNA aneuploidy in adenomas of endocrine

organs. Am J Pathol 1988;132:145-51.

[20] Baithun SI, Naase M, Blanes A, et al. Molecular and kinetic features

of bladder transitional cell carcinomas. Biological and clinical

implications. Virchows Arch 2001;438:289-97.

[21] Pozo L, Camacho F, Rios-Martin JJ, et al. Cell proliferation in skin

tumors with ductal differentiation: patterns and diagnostic applica-

tions. J Cutan Pathol 2000;27:292 -7.

[22] Blanes A, Sanchez-Carrillo JJ, Diaz-Cano SJ. Topographic molecular

profile of pheochromocytomas: role of somatic down-regulation of

mismatch repair. J Clin Endocrinol Metab 2006;91:1150-8.

[23] Lloyd R, DeLellis R, Heitz P, et al. Pathology and genetics of tumours

of endocrine organs. Geneva7 WHO Press; 2004.

[24] Lloyd RV, Douglas BR. Endocrine diseases. (First series). Washington

(DC)7 American Registry of Pathology/Armed Forces Institute of

Pathology; 2002.

[25] Diaz-Cano SJ, Brady SP. DNA extraction from formalin-

fixed, paraffin-embedded tissues: protein digestion as a limiting

step for retrieval of high-quality DNA. Diagn Mol Pathol 1997;6:

342-6.

[26] Allen RC, Zoghbi HY, Moseley AB, et al. Methylation of HpaII and

HhaI sites near the polymorphic CAG repeat in the human androgen-

receptor gene correlates with X chromosome inactivation. Am J Hum

Genet 1992;51:1229-39.

[27] Sleddens HF, Oostra BA, Brinkmann AO, et al. Trinucleotide repeat

polymorphism in the androgen receptor gene (AR). Nucleic Acids Res

1992;20:1427.

[28] Diaz-Cano SJ, de Miguel M, Blanes A, et al. Contribution of the

microvessel network to the clonal and kinetic profiles of adrenal

cortical proliferative lesions. Hum Pathol 2001;32:1232-9.

[29] van Diest PJ, Baak JP, Matze-Cok P, et al. Reproducibility of mitosis

counting in 2,469 breast cancer specimens: results from the



Adrenocortical DNA and kinetic variability 1303
Multicenter Morphometric Mammary Carcinoma Project [see com-

ments]. Hum Pathol 1992;23:603-7.

[30] Harjacek M, Diaz-Cano S, Alman BA, et al. Prominent expression of

mRNA for proinflammatory cytokines in synovium in patients with

juvenile rheumatoid arthritis or chronic lyme arthritis. J Rheumatol

2000;27:497 -503.

[31] Koch M, de Miguel M, Hffler H, et al. Kinetic profiles of

intraepithelial and invasive prostatic neoplasias: the key role of

down-regulated apoptosis in tumor progression. Virchows Arch 2000;

436:413-20.

[32] Blanes A, Rubio J, Martinez A, et al. Kinetic profiles by topographic

compartments in muscle-invasive transitional cell carcinomas of the

bladder: role of TP53 and NF1 genes. Am J Clin Pathol 2002;118:

93-100.

[33] Bibbo M, Bartels PH, Dytch HE, et al. Cell image analysis. In: Bibbo

M, editor. Comprehensive cytopathology. Philadelphia7WB Saunders;

1991. p. 965 -83.

[34] Sherwood SW, Schimke RT. Cell cycle analysis of apoptosis using

flow cytometry. Methods Cell Biol 1995;46:77-97.

[35] Dressler LG. Controls, standards, and histogram interpretation in

DNA flow cytometry. Methods Cell Biol 1990;33:157-71.

[36] Dressler LG, Bartow SA. DNA flow cytometry in solid tumors:

practical aspects and clinical applications. Semin Diagn Pathol 1989;

6:55-82.

[37] Hedley DW, Friedlander ML, Taylor IW, et al. Method for

analysis of cellular DNA content of paraffin-embedded pathological

material using flow cytometry. J Histochem Cytochem 1983;31:

1333-5.
[38] Beuschlein F, Reincke M, Karl M, et al. Clonal composition of human

adrenocortical neoplasms. Cancer Res 1994;54:4927-32.

[39] Jackson CE, Cerny JC, Block MA, et al. Probable clonal origin of

aldosteronomas versus multicellular origin of parathyroid badenomasQ.
Surgery 1982;92:875 -9.

[40] Knudson Jr AG. Mutation and cancer: a personal odyssey. Adv

Cancer Res 1995;67:1 -23.

[41] Salomon RN, Diaz-Cano S. Introduction to apoptosis. Diagn Mol

Pathol 1995;4:235-8.

[42] Cordon-Cardo C. Mutations of cell cycle regulators. Biological and

clinical implications for human neoplasia. Am J Pathol 1995;147:

545 -60.

[43] Hicks DG, LiVolsi VA, Neidich JA, et al. Clonal analysis of

solitary follicular nodules in the thyroid. Am J Pathol 1990;137:

553-62.

[44] Jacoby LB, Hedley-Whyte ET, Pulaski K, et al. Clonal origin of

pituitary adenomas. J Neurosurg 1990;73:731 -5.

[45] Nowell PC. The clonal evolution of tumor cell populations. Science

1976;194:23 -8.

[46] Dvorak HF, Sioussat TM, Brown LF, et al. Distribution of

vascular permeability factor (vascular endothelial growth factor) in

tumors: concentration in tumor blood vessels. J Exp Med 1991;174:

1275-8.

[47] Thomas GA, Williams D, Williams ED. The clonal origin of thyroid

nodules and adenomas. Am J Pathol 1989;134:141-7.

[48] Stojadinovic A, Ghossein RA, Hoos A, et al. Adrenocortical

carcinoma: clinical, morphologic, and molecular characterization. J

Clin Oncol 2002;20:941-50.



Journal of Pathology
J Pathol 2006; 210: 133–134

Letter to the Editor

Re: Pomerance et al. High-level expression, activation,
and subcellular localization of p38-MAP kinase in thyroid
neoplasms. J Pathol 2006; 209: 298–306

The neoplastic transformation of follicular thyroid
cells essentially transmits signals to the mitogen-
activated protein kinase (MAPK) pathways [1–3],
which result in the activation of signal transduction
cascades (JNK1, ERKs, and p38 kinases) [4,5]. The
cascade end points include the MAPK-activated pro-
tein kinases and some of the numerous transcrip-
tion factors that regulate apoptosis, inflammation, cell
growth, and differentiation. The role of p38-MAPK
has been recently emphasized in cell line studies from
follicular thyroid neoplasms [3,6].

Pomerance et al have reported increased expres-
sion and activation of components of the p38-MAPK
cascade (analysing cell lines and the immunohis-
tochemical expression) in several types of thyroid
tumour [3]. We have also found p38-MAPK over-
expression by GeneChip microarrays in a series of
follicular carcinomas (14 minimally invasive and 24
widely invasive), defined by standard morphological
criteria; no histological (nuclear overlapping, irreg-
ular nuclear contour, nuclear clearing, and pseudo-
inclusions) or molecular (RET–PTC fusion gene, B-
RAF mutations) evidence of papillary thyroid carci-
nomas was found in our series. This expression cor-
related with the presence of conspicuous nucleoli and
increased proliferation indices (Table 1), regardless of
underlying molecular triggering (RAS mutations or
PAX8/PPARγ fusion gene) [7,8]. The immunohisto-
chemical validation of our results has also demon-
strated some topographic heterogeneity in marker
expression in the peripheral and internal compart-
ments of follicular carcinomas. This issue needs addi-
tional studies to assess its impact on marker eval-
uation. Although p38-MAPKs were initially envis-
aged as potential tumour suppressors, the evidence
also points to their positive role in cell-cycle progres-
sion (by increasing nuclear cyclin-dependent kinase-2
activity), cell migration, and invasion. p38-MAPKs
are activated by a variety of environmental stresses

Table 1. Expression factor of p38-MAPK, ubiquitin C, and
proliferation index in follicular thyroid carcinomas (normalized
to the corresponding control tissue)

Follicular thyroid
carcinomas,

average ± SD Significance

p38-MAPK 4.25 ± 0.41 p = 0.0035
Ubiquitin C 0.32 ± 0.07 p = 0.0056
Ki67 labelling index 3.14 ± 1.66 p = 0.0077

(delivered by small GTPase members of the Rho
family) and inflammatory cytokines. The membrane-
proximal component is a MEKK or a mixed lineage
kinase (MLK), which phosphorylates and activates
MKK3/6, the p38-MAPK kinase. MKK3/6 can also
be activated directly by apoptosis-stimulated ASK1.
The expression profile of P-p38-MAPKs in human
thyroid tumours and their nucleo-cytoplasmic dis-
tribution paralleled those of p38-MAPK, suggesting
that they are probably activated by their upstream
kinases, MKK3/6 [3]. We have alternatively found
an inverse correlation with both ubiquitin C and
sequestosome 1 down-regulation and the respective
ubiquitylation pathway (CDC34, SKP1/2), and NFκB
pathway (IκBα, TNFα, and IL6) [8]. The decreased
activation of the cytokine/inflammation pathway con-
tributes to explain the lack of tumour-infiltrating
lymphocytes in 95% (36/38) of follicular carcino-
mas [7,8]. MAP kinases play a key role in fol-
licular cell carcinogenesis, through ERK and p38
pathways, which also explain the tumour pheno-
type. Down-regulation of ubiquitination of cellular
proteins is a crucial feature during the transfor-
mation of follicular thyroid cells and plays a key
role in this down-regulation. It also contributes to
the tumour phenotype of increased proliferation and
decreased inflammation and apoptosis. The regula-
tion of signal transduction and cell-cycle progression
through ubiquitylation-dependent proteosomal degra-
dation of important cellular proteins would contribute
to the cytological features, such as prominent nucle-
oli, high nuclear/cytoplasmic ratio, and hyperchroma-
tism (up-regulation of proliferation molecular mark-
ers). Tumour down-regulation of pro-inflammatory
molecules results in the absence of tumour-infiltrating
lymphocytes.

Our findings confirm the prominent role of p38-
MAPKs in inflammation, immune activation, and
apoptosis, and provide additional support to those
recently reported [3,6]. It is also worth remembering
that the activation mechanisms would include phos-
phorylation and protein accumulation due to a deficient
degradation system (down-regulation of ubiquityla-
tion) [8].

SJ Diaz-Cano
Department of Histopathology, King’s College Hospital and King’s

College London,
School of Medicine, London, UK
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ing insulin and RBP4 levels at baseline in the 
group with a marginal response, as suggested by 
Oh, but rather dissociation between changes in 
fasting insulin and RBP4 levels after exercise. 
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Molecular Mechanisms in Melanoma
To the Editor: The review of melanoma by Mil-
ler and Mihm (July 6 issue)1 clearly characterizes 
the linear progression of melanocytic lesions, from 
the morphologic perspective to the molecular per-
spective.2,3 However, the genetic alterations would 
have more relevance if they result in kinetic ad-
vantage and progression. My colleagues and I have 
studied a series of dysplastic nevi (92 low-grade 
and 31 high-grade lesions) and melanomas in situ 
(15 lesions) using proliferation (Ki-67 labeling), 
apoptosis (in situ end labeling), and cell-cycle reg-
ulators (RB1, TP53, p21WAF1, and p27Kip1).4 Our 
analysis highlighted a clear topographic hetero-
geneity at the early stage of melanocytic trans-
formation: slow kinetics in the dermal compart-
ment of low-grade melanocytic dysplasia and a 
higher incidence of TP53 alterations in high-grade 
melanocytic dysplasia than in low-grade dyspla-
sia and melanomas. These findings suggest that 
melanocytic dysplasia is a marker of the risk of 
melanoma rather than a direct precursor.
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To the Editor: Miller and Mihm suggest that 
the gene encoding the microphthalmia-associat-
ed transcription factor (MITF) is a key oncogene 
of the melanocytic lineage, since it was strong-
ly amplified in 15 to 20% of metastatic melano-
mas.1,2 Furthermore, amplification of the MITF 
gene and overexpression of the MITF protein were 
associated with decreased overall survival among 
patients with metastatic melanoma. MITF over-
expression was also associated with impaired sen-
sitivity to cytotoxic agents in melanoma cell lines, 
suggesting that the number of copies of the MITF 
gene is a surrogate biomarker of the response to 
chemotherapy.2 To validate these findings, we in-
vestigated MITF gene amplification in tumor tis-
sues from 90 patients with metastatic melanoma 
before the administration of individualized, sen-
sitivity-directed chemotherapy.3 Strong amplifi-
cation of the MITF gene (more than four copies 
per cell) was found in only 4 of 90 tumors (4.4%), 
whereas 15 of 90 tumors (16.7%) had intermedi-
ate amplification (more than two copies per cell). 
We found no association between the number of 
copies of the MITF gene and chemosensitivity, the 
outcome of chemotherapy, or overall survival. 
Hence, our findings suggest that the MITF gene 
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has a smaller influence on melanoma than has 
been assumed previously.
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To the Editor: Miller and Mihm did not men-
tion the role of epigenetic disturbances in mela-
noma. A number of genes are affected by altera-
tions in DNA-methylation patterns in melanoma 
cells.1 Aggressive vertical growth can lead to me-
tastasis, and it has been suggested that aberrant 
methylation of CpG islands may take place dur-
ing this phase.1 This finding may have clinical 
application, since epigenetic inactivation or the 
action of tumor suppressors can be reversed by 
demethylating agents plus histone deacetylase in-
hibitors.2
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The authors reply: The evidence in cell culture 
that MITF functions as an oncogene in conjunc-
tion with BRAF1 provides a basis for the advan-
tage that at least some melanomas gain by the 
overexpression of MITF. However, the previous ob-
servation that MITF is present in nearly all mela-
nomas,2 despite its function in differentiation, 
indicates the need for melanomas to maintain the 
expression of MITF.

This phenomenon of dependence of a tumor 
on lineage-specific genes3 suggests that further 
knowledge of the role of MITF in the survival and 
development of normal melanoctyes is essential 
for understanding the “addiction” of melanoma 
to the MITF-driven genetic program.
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Alemtuzumab for Refractory Celiac Disease

To the Editor: Vivas et al. (June 8 issue)1 de-
scribe a patient with refractory celiac disease who 
had a response to treatment with alemtuzumab. 
It is not clear whether the percentage of aberrant 
intraepithelial lymphocytes decreased while the 
patient was receiving alemtuzumab, since only 
γδ T cells are mentioned. However, the aberrant 
T-cell population (CD7+CD3−CD4−CD8− cytoplas-
mic CD3+) determines the risk of enteropathy-
associated T-cell lymphoma. This population is 
distinct from the population of γδ T cells.2,3

We report on a 66-year-old woman who had 
refractory celiac disease with progressively more 
aberrant intraepithelial lymphocytes despite treat-
ment with alemtuzumab. The patient had been 
on a gluten-free diet and had undergone therapy 
with prednisone and cladribine. Duodenal biopsy 
showed persistent total villous atrophy. Flow cytom-
etry of intraepithelial lymphocytes revealed that 
60% were aberrant. The percentage of γδ T cells 
was only 1%.

Alemtuzumab was started. Although we ob-
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Abstract. In cortical adrenal gland tumours there are 
discrepancies between morphological criteria for malig- 
nancy and biological behaviour. This makes it difficult 
to select the appropiate treatment. We have studied mor- 
phometric and DNA densitometric features of  24 adrenal 
proliferative lesions (hyperplasia, adenoma, and car- 
cinoma) by means of slide cytometry. All variables have 
been correlated with pathological diagnosis. The samples 
were selected from paraffin-embedded tissue, and rep- 
resentative lesions were Feulgen stained. Densitometric 
study showed aneuploid cell lines in every carcinoma, 5 
of 8 adenomas, and 5 of 10 hyperplastic lesions. Both 
DNA nuclear content (mean ploidy of  2.11 c, 2.41 c, and 
3.05 c) mean nuclear area (average of  31.26 ktm 2, 
35.92 ktm 2, and 42.39 gm 2) showed progressive increase 
from hyperplasia to adenoma, and carcinoma. Mean 
shape factors were lowest in adenomas (1.69) and highest 
in carcinomas (1.82). Those karyometric variables which 
showed statistically significant differences (p<0.05) 
among diagnostic groups were included in a stepwise 
three-way discriminant analysis. Only three parameters, 
shape factor (p= 0.0008), mean ploidy (p= 0.0012), and 
adrenal weight (p=0.0055) persisted as independent 
predictive factors. Using the three variables selected by 
discriminant analysis on our cases, 100% of  the adeno- 
mas were correctly classified, 83 % of  the carcinomas, and 
80% of the hyperplasias. Tumour  weight and nuclear 
shape factor differentiated adrenal cortex adenoma from 
carcinoma, while mean ploidy distinguished adrenal cor- 
tical hyperplasia from carcinoma. Nuclear pleomor- 
phism (shape factor) and DNA-ploidy are the most im- 
portant  nuclear features in predicting the biological 
course of  proliferative adrenal cortex lesions, although 
by themselves they are not bona-fide discriminators. 
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Introduction 

Recent advances in molecular genetics suggest that in the 
initial stage of  oncogenesis there is a modification in gene 
re-ordering which leads to altered gene expression (by 
mutation or chromosomal translocation), or amplifica- 
tion (Tomasi 1986). For  this reason, many studies have 
been made of  nuclear D N A  content using flow cytometry 
or image analysis (static cytometry) (Friedlanders et al. 
1984; Dressler and Barton 1989; Seckinger et al. 1989). 
Initially, aneuploid D N A  content was considered to be 
a specific marker  of  malignancy and was said to correlate 
with a more sombre prognosis (Friedlanders 1984; 
Dressler and Barton 1989). However, later studies re- 
vealed aneuploid clonal populations in benign tumours 
(Joensun et al. 1986; Joensun and Klemi 1988). 

In general, there is a correlation between nuclear vol- 
ume and nuclear D N A  content:  15 % of  dry weight nu- 
clear mass corresponds to D N A  of  approximately 5 7 pg 
(Montironi et al. 1985). Changes in D N A  are manifested 
in nuclear volume and nuclear area, this being the basis 
for the application of  conventional morphometr ic  mea- 
surements (nuclear area, perimeter and form factor). 
These measurements identify classic characteristics of  
neoplastic cells: pleomorphism, increased nuclear size 
and nucleus-cytoplasm ratio, loss of  polarity, etc. (Baak 
and Oort  1983). 

This study evaluated the morphometr ic  and den- 
sitometric features of  benign and malignant adrenal cor- 
tical lesions to investigate nuclear variables predictive of  
the biological evolution of  the disease. 

Materials and methods 

We evaluated 24 cases of adrenal cortex pathology classified by 
WHO criteria as nodular or diffuse hyperplasia (10 cases), adenoma 
(8 cases), or carcinoma (6 cases). All came from the archives of the 
Department of Pathology of the University of Seville Medical 
School. We also studied 8 cases of histologically normal adrenal 
gland (from autopsies) as controls. The material was fixed in 10% 
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buffered formalin and embedded in paraffin following routine 
processing methods. Representative 4 gm thick slices were stained 
using the Feulgen technique (Deitch 1966) and mounted on Per- 
mount. For each case age, sex, follow-up, and morphological fea- 
tures were known (Table 1). 

The karyometric study was carried out at the Analytic and 
Quantitative Cytology Laboratory of the University of Chicago 
using the MicroTICAS system (Dytch et al. 1986; Puls et al. 1986). 
At least 100 complete and non-overlapping nuclei in each prepara- 
tion were quantified. This system permits measurement of integral 
optical density (extinction) and other cytometric parameters like 
nuclear area (by the number of pixels occupied by the nucleus) and 
the nuclear form factor (perimeter2/4narea). The diploid controls 
used in all cases were non-activated lymphocytes present in the same 
preparation; at least 30 nuclei from each preparation were mea- 
sured. With quantitative variables, the average, the standard devia- 
tion and the variation coefficient were selected as representative 
values of measured cells. 

Using the nuclear integral optical density histograms, qualita- 
tive and quantitative study were made to identify clonal subpopula- 
tions. The corresponding DNA indices were calculated and the 
cellular proliferation was categorized (Dressier and Barton 1989, 
Table 2). 

Nuclear integral optical density values were used to calculate 
mean ploidy (as referred to the diploid control, expressed in relative 
DNA units), the 2c deviation index [2cDI = Z(Ci-2c)/n], and the 
percentage of cells with aneuploid nuclear DNA content over 5c 
that are not exponent of 2 (5c exceeding rate, 5cER) (Brcking et al. 
1984; B6cking and Auffermann 1986). 

In the statistical analysis the arithmetic mean, standard devia- 
tion, and variation coefficient were calculated for all the variables 
in each pathological group. To establish the significance of differ- 
ences, the variables obtained for each group were evaluated with the 
Kruskal-Wallis test. Significant variables (p < 0.05) were used for a 

Table 1. Adrenal lesions. General features 

Case Diagnoses Age Sex Follow-up Weight 

Status Time (g) 
(months) 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

1 Hyperplasia 
2 Hyperplasia 
3 Hyperplasia 
4 Hyperplasia 
5 Hyperplasia 

Hyperplasia 
Hyperplasia 
Hyperplasia 
Hyperplasia 
Hyperplasia 
Adenoma 
Adenoma 
Adenoma 
Adenoma 
Adenoma 
Adenoma 
Adenoma 
Adenoma 
Carcinoma 
Carcinoma 
Carcinoma 
Carcinoma 
Carcinoma 
Carcinoma 

25 F AD 96 10 
50 F AD 65 94 
39 F AD 63 14 
40 F AD 60 ? 
62 F AD 48 12.5 
23 F AD 24 22 
23 F AD 24 ? 
38 F AD 15 ? 
45 F AD 131 6 
53 F AD 123 ? 
57 F AD 96 36 
33 F AD 75 7 
60 F AD 72 8 
49 F AD 36 8 
47 F AD 27 14 
38 F AD 24 11 
41 F AD 24 5 
44 F AD 24 7.5 

7 F AD 120 6O 
55 M DD 12 850 
58 F DD 6 1320 
50 M DD 12 20 
57 F DD 3 50 
34 M DD 36 1110 

AD, Alive without evidence of disease; DD, dead related to the 
disease 

Table 2. Classification of cellular proliferation by DNA indices 

DNA index (D.I.) Ploidy categorization 

0.95- 1.10 Diploid 

= (0.95- 1.10) Aneuploid 
< 0.95 Hypodiploid 

1.10 - 1.90 Hyperdiploid 
1.90- 2.20 Tetraploid 

> 2.20 Hypertetraploid 

> 2 D.I. = (0.95- 1 . 1 0 )  Multiploid 

Modified from Dressier, Bartow (4). 

stepwise discriminant analysis; the coefficients of classifying func- 
tion and the classification matrix were calculated. All mathematical 
studies were made with the BMDP statistical package. 

R e s u l t s  

Average  pa t i en t  age at  the  t ime o f  d iagnos is  was 39.8 
years  (_+ 12.6 years  SD)  for  hyperp las ia ,  43.6 (_+ 6.4 years  
SD) for  a d e n o m a ,  and  43.5 years  (_+ 18.2 years  SD) for  
ca rc inoma .  F e m a l e  (21 cases) p r e d o m i n a t e d  over  males  
(3 cases, all d i agnosed  h is to logica l ly  as ca rc inoma) .  In  
re la t ion  to ad rena l  weight ,  a posi t ive  f inding was c lear :  
m i n i m u m  weight  ident if ied a d e n o m a s  (12.1 _+ 10.1 g SD)  
and  m a x i m u m  weight  c a r c i n o m a  (568.3_+594.2 g SD),  
wi th  hype rp l a s i a  occupy ing  an in t e rmed ia te  pos i t i on  
(26.4_+33.5 g SD). 

The  results  o f  c onve n t i ona l  m o r p h o m e t r y  are  shown 
in Tab le  3. A progress ive  inc rement  in nuclear  a rea  (bo th  
m e a n  and  s t a n d a r d  dev ia t ion)  is obse rved  f rom hyper -  
p las ia  to c a r c i n o m a ;  the  nuc lear  fo rm fac tor  exhibi ts  a 
t r end  s imi lar  to ad rena l  weight  d i s t r ibu t ion .  

Ana lys i s  o f  nuc lear  in tegra l  opt ica l  densi ty  h i s t o g r a m  
led to  ind iv idua l i za t ion  o f  27 c lona l  s u b p o p u l a t i o n s  wi th  
D N A  indices f rom 0.88 to 1.88. On ly  3 cases h a d  2 
s u b p o p u l a t i o n s  (2 a d e n o m a s  and  1 ca r c inoma) ;  20 cases 
had  on ly  one subpopu la t i on .  The  r ema in ing  h i s t o g r a m  
was aneup lo id  bu t  unclassif iable .  

M e a n  D N A  index o f  the  c lonal  p o p u l a t i o n s  ident if ied 
was 0.98 for  hype rp l a s i a  (0.88-1.10 range) ,  1.31 for  
a d e n o m a  (1.00-1.88 range)  and  1.39 for  c a r c i n o m a  
(1.00-1.88 range) .  Each  lesion was cha rac te r i zed :  8 were 
d ip lo id ,  3 aneup lo id  wi th  a d ip lo id  subpopu la t i on ,  and  
12 aneup lo id  w i thou t  a d ip lo id  subpopu la t i on .  One case 
o f  c a r c i n o m a  showed an  aneup lo id  h i s t og ram with-  
ou t  d e m o n s t r a t i n g  a p r e d o m i n a n t  cel lular  p o p u l a t i o n  
(Table 4). In  none  o f  the cases was polyplo id iza t ion ,  mul t i -  
p lo id iza t ion ,  or  a t e t r ap lo id  cell p o p u l a t i o n  observed.  
Table  3 summar izes  the results  o f  c y t o m o r p h o m e t r y  
(mean  p lo idy ,  2cDI,  and  5cER).  A progress ive  inc remen t  
in all these p a r a m e t e r s  f rom hype rp l a s i a  to c a r c i n o m a  is 
appa ren t .  

The  K ruska l l -Wa l l i s  test  showed  s ta t is t ical ly  signifi- 
can t  differences a m o n g  the three g roups  (hyperp las ia ,  
a d e n o m a ,  and  c a r c inoma )  wi th  the  fo l lowing var i -  
ables:  ad rena l  weight  (p=0 .0055) ,  m e a n  nuc lear  a rea  
(p = 0.0118), m e a n  nuc lear  f o rm  fac tor  (p = 0.0008), s tan-  



Table 3. Morphometric and DNA densitometric nuclear results in proliferative adrenal lesions 

325 

Variables Hyperplasias Adenomas Carcinomas 

Average S.D. C.V. Average S.D. C.V. Average S.D. C.V. 

Area (average) 31.257 6.995 0.224 35.920 6.417 0.179 42.385 5.511 0.130 
Area (S.D.) 7.287 3.571 0.490 8.314 3.197 0.385 13.452 3.761 0.280 
Form factor (average) 1.715 0.019 0.011 1.689 0.020 0.012 1.822 0.081 0.045 
Form factor (S.D.) 0.148 0.026 0.178 0.128 0.018 0.144 0.200 0.041 0.205 
Ploidy (average) 2.113 0.259 0.123 2.413 0.197 0.082 3.048 0.493 0.162 
Ploidy (S.D.) 0.545 0.321 0.589 0.744 0.190 0.255 1.135 0.269 0.237 
2cDI 0.447 0.530 1.188 0.784 0.440 0.562 2.588 1.533 0.592 
5cER 0.585 0.907 1.550 1.629 1.737 1.067 11.060 8.137 0.736 

S.D., Standard deviation; C.V., coefficient of variation; 2cDI, 2c deviation index; 5cER, 5c exceeding rate 

Table 4. DNA ploidy category distribution in cases of proliferative 
adrenal lesions 

Ploidy" Hyperplasias Adenomas Carcinomas 
No. (%) No. (%) No. (%) 

Table 6. Classification matrix after applying discriminant function 
in proliferative adrenal lesions 

Working group No. of Predictive group 
(W.H.O.) cases Hyperplasias Adenomas Carcinomas 

(A) (B) (C) Diploid 5 (50) 3 (37.5) - 

Aneuploid Hyperplasias (A) 10 3 2 0 
+ diploid subpopul. - 2 (25) b 1 (20) b 80% 20% 0% 
- diploid subpopul. 5 (50) r 3 (37.5) b 4 (80) b Adenomas (B) 8 0 8 0 

Total 10 (100) 8 (100) 5 (100) d 0% 100% 0% 
Carcinomas (C) 6 1 0 5 

a Based on Dressier, Bartow (4) 17% 0% 83% 
b All aneuploid cellular subpopulations were hyperdiploid 
c All cases were hypodiploid 
d One case of carcinoma showed an aneuploid histogram without 
identifying a predominant cellular population 

Percent of cases correctly classified: 90 % 

Table 5. Independent predictive variables 
in proliferative adrenal lesions with their 
corresponding classification functions 

Variables Group A Group B Group C 

Form factor (average) 2756.428 2664.596 2917.641 
(adimensional) 

Ploidy (average) - 199.451 - 189.272 - 204.101 
(relative units) 

Adrenal weight (average) 0.295 0.284 0.316 
(grames) 

Constant - 2157.874 - 2024.422 - 2437.333 
(adimensional) 

dard  deviat ion o f  the nuclear fo rm factor  ( p =  0.0052), 
mean  ploidy (p=  0.0012), s tandard  deviat ion o f  the 
ploidy (p = 0.0024), 2cDI  (p = 0.0012), 5cER (p = 0.0009), 
and the lowest (p = 0.0108) and highest (p = 0.0023) D N A  
indices for each case. 

Significant variables (p < 0.05) were evaluated by dis- 
cr iminant  analysis. M e a n  nuclear  fo rm factor,  mean  
ploidy, and mean  adrenal  weight  retained independent  
predictive value. The eight other  variables tha t  were 
significant in unvariate  analysis lost their value in mul- 
tivariate study. 

The stepwise three-way discr iminant  analysis yielded 
the classification funct ion shown in Table 5 and the 
classification matr ix  in Table 6. Using the three variables 
selected by discr iminant  analysis on our  s tudy cases, 
100% o f  the adenomas  were correct ly classified, 83 % o f  
the carcinomas,  and 80% o f  the hyperplasias.  

New cases can be assigned to the g roup  for  which the 
largest global  discriminant  funct ion score was obtained,  
with a probabi l i ty  o f  accuracy  o f  90% if: (a) the three 
diagnostic  condi t ions  (hyperplasia,  adenoma,  car- 
c inoma)  occurred in equal p ropor t ions  and  (b) we used 
the selected variables and  classification funct ion as we 
did. Each  global discr iminant  funct ion score (in groups  
A, B and C) is obta ined mult iplying the numeric  value 
o f  every variable by its cor responding  par t icular  score. 

Discuss ion  

In  adrenal  pa thology,  as in mos t  endocr ine  pa thology,  
there is discrepancy between the morpho log ica l  criteria 
for mal ignancy  and  the biological behaviour  o f  the 
lesions, which makes  it difficult to select appropr ia te  
treatment.  
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Table 7. Sets of criteria that claim to distinguish reliably benign from malignant adrenocortical neoplasia 

Hough et al. (1979) Weiss (1984) Van Slooten et al. (1985) 

Diffuse growth pattern 
Vascular invasion 

Tumour cell necrosis 
Broad fibrous bands 
Capsular invasion 
Mitotic index 

(1 per 10 HPF) 
Pleomorphism 
Tumour mass> 100 g 
Raised urinary 

17. Ketosteroids 
Abnormal response to ACTH 
Virilism 
Cushing's syndrome 
Weight loss 

High nuclear grade 
Mitotic index 

(> 5 per 10 HPF) 
Atypical mitotic figures 
Cellular eosinophilia 
Diffuse growth pattern 
Necrosis 

Venous invasion 
Sinusoidal invasion 
Capsular invasion 

Extensive regressive changes 
Loss normal structure 

Nuclear atypia 
Nuclear hyperchromasia 
Abnormal nucleoli 
Mitotic index 

(2 per 10 HPF) 
Vascular or capsular invasion 

In recent decades, three different sets of criteria have 
been published that claim to distinguish benign from 
malignant adrenocortical neoplasms reliably (Hough et 
al. 1979; Weiss 1984; Van Slooten et al. 1985) (Table 7). 
Although each system has an excellent predictive value, 
there is not complete concordance among them (Hosaka 
et al. 1987; Ribeiro et al. 1990). Generally, adrenal car- 
cinoma is defined by necrosis, tumour weight over 100 g, 
presence of broad bands of fibrosis and a diffuse growth 
pattern (Page et al. 1985). Nonetheless, only the existence 
of metastases indicates malignant behaviour for these 
neoplasms. 

On the variables we studied, nuclear form factor (both 
mean and standard deviation), 5cER, and tumour weight 
showed significant differences between adenoma and car- 
cinoma. Nuclear form factor and tumour weight both 
exhibit a similar trend toward maximum value in car- 
cinomas and minimum value in adenomas. This suggests 
that carcinoma cells present more irregular nuclear forms 
(form factor further from the value corresponding to a 
perfect circle) and greater morphological variability 
(larger standard deviation of the nuclear form factor). 
This agrees with general criteria for malignant neo- 
plasms, but the diagnostic utility of such characteristics 
requires additional study. In discriminant analysis, only 
the mean nuclear form factor retained independent 
predictive value. 

In concurrence with Hosaka and colleagues (Hosaka 
et al. 1987), we did not find prognostic differences be- 
tween patients with large carcinomas and those with 
small tumours, although our series was small and large 
tumours predominated (average tumour weight 568.3 g). 
Only one patient is alive after 10 years of follow-up; she 
was a 7-years-old girl that had a tumour weighing 60 g. 
This case, which showed all the classic histological 
criteria for the diagnosis of corticoadrenal carcinoma, 
probably should be reclassified as benign, since our dis- 
criminant analysis placed it in the hyperplasia group and 
it is a small tumour. In a comparative study of adreno- 
cortical carcinoma in children and adults, the size was the 

only morphological predictor of the biological behaviour 
in paediatric patients (Cagle et al. 1986). Although the 
average adrenal weight could differentiate adenomas 
from carcinomas, we found weight overlap: a case of 
adenoma weighed 36 g whereas another of carcinoma 
had 20 g. This finding was probably due to the broad 
range of weight present in malignant tumours of the 
adrenal cortex. 

In the hyperplastic glands the entire parenchyma is 
irregularly proliferated. Of the variables that established 
statistically significant differences between groups, only 
the major DNA index differentiated hyperplasia from 
adenoma; all the variables discriminated between hyper- 
plasia and carcinoma. These results call into question the 
hyperplasia-adenoma distinction, since the major DNA 
index lost its independent predictive value in discrimi- 
nant analysis. 

Mean ploidy conserved its independent predictive val- 
ue, and differentiated hyperplasia from carcinoma. Our 
results, like those of other studies (Amberson et al. 1987; 
Hosaka et al. 1987; Joensuu et al. 1989; Rainwater et al. 
1989; Venkatesh et al. 1989; Cibas et al. 1990; Padberg 
et al. 1991) indicate that neither heterogeneity of DNA 
content, nor aneuploidy are conclusive diagnostic 
characteristics for malignancy. This contrasts with other 
studies in which aneuploidy, with diverse proportions of 
diploid cells, was found only in malignant tumours 
(Klein et al. 1985; Blowlby et al. 1986). However, the 
aneuploidy detected in hyperplasia (5 of 10 cases were 
hypodiploid) is close to that of the normal adrenal gland 
(where hypodiploidy is seen in 5 of 8 cases studied). 
Adenoma and carcinoma exhibited hyperdiploidy. In 
general, mean cytophotometry values (mean ploidy and 
DNA index) demonstrate that hyperplasias are in the 
diploid range (mean ploidy 2.11, DNA index 0.98), while 
both adenoma (mean ploidy 2.41, DNA index 1.31) and 
carcinoma (mean ploidy 3.05, DNA index 1.39) are in the 
hyperdiploid range (Fig. 1). Taylor et al. (1987) inves- 
tigated the value of nuclear DNA analysis in adrenocor- 
tical tumours in children and have found abnormal DNA 
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Fig. 1. Histograms of nuclear integral optical density from prolifera- 
tive adrenal lesions, a) Shows a diploid and b) a hyperdiploid range 
of DNA content 

pattern in all primary lesions that subsequently metas- 
tasized. 

Finally, keeping in mind the requirements set at the 
end of the Results, we can classify new cases into diag- 
nostic subgroups with an accuracy of 90 %. Although the 
application of this method requires technical support not 
available in every laboratory, it has the advantage of 
simplicity: In each patient only three variables are deter- 
mined and none of them are clinical. At present, the sets 
of diagnostic and prognostic criteria for adrenal car- 
cinoma (Hough et al. 1979; Weiss 1984; van Slooten et 
al. 1985) take into consideration several parameters with 
varying importance. Both Weiss (1984) and van Slooten 
et al. (1985) assign the same value to each variable, but 
Hough et al. (1979), like us, provides each variable with 
relevance in relation to its relative importance (deter- 
mined by a mathematical model). With our model, for 
example, a corticoadrenal lesion of 570 g weight, form 

factor (average): 1.822 and ploidy (average): 3.048 rela- 
tive units gives the highest global discriminant function 
score in group C, and therefore would be classified as 
carcinoma. 

In conclusion, tumour weight and nuclear form factor 
differentiate adrenal cortex adenoma from carcinoma, 
while mean ploidy distinguishes adrenal cortical hyper- 
plasia from carcinoma. The presence of aneuploidy is 
compatible with both benign histology and biological 
course. 
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Paragangliomas 
Static Cytometric Studies of Nuclear DNA Patterns 
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Background. The biologic behavior of most para- 
gangliomas cannot be predicted from their histologic ap- 
pearance. Recently, cytometric studies have found an as- 
sociation between an aggressive clinical behavior and 
the presence of a hyperdiploid or tetraploid range in the 
DNA nuclear content. 

Methods. The authors have studied morphometric 
(nuclear area and nuclear form factor) and DNA densito- 
metric (integral optical density and DNA ploidy) features 
of 23 cases of paraganglioma by means of slide cytopho- 
tometry with the microTICAS system (University of Chi- 
cago, Chicago, IL). The samples were selected from paraf- 
fin-embedded tissue, and representative sections were 
stained with the Feulgen technique. The differences be- 
tween groups (cervical versus extracervical paraganglio- 
mas) were investigated with the Mann-Whitney test and 
Fisher discriminant linear function. 

Results. The densitometric study showed aneu- 
ploid cell lines in 15 of 16 noncervical paragangliomas 
(with a DNA index within the tetraploid range), whereas 
3 of 7 cervical paragangliomas were aneuploid and only 1 
case did not have not a diploid cell line (with a DNA in- 
dex within the peridiploid range). Mean ploidy (4.33 arbi- 
trary units [AU] and 2.72 AU, respectively), nuclear area 
(58.74 pmz and 32.08 pmz, respectively), the minor and 
major DNA indices (1.09-1.24 and 1.83-1.96, respec- 
tively), and DNA content variability (2c deviation indices 
[ZcDI] of 8.62 and 1.88 AU, respectively) were higher in 
noncervical paragangliomas. With Fisher linear discrimi- 
nant function, mean nuclear area (P = 0.0008), 2cDI ( P  
= 0.0030), and the minor DNA index of each cell prolifera- 
tion were correlated with location. None of the variables 

From the *Department of Pathology, Hospital Universitario Vir- 
gen Macarena, University of Seville, Spain, and tDepartment of Cyto- 
pathology, University of Chicago, Chicago, Illinois. 

Address for reprints: Ricardo Gonzllez-Cbmpora, M.D., MIAC, 
Departamento de Anatomia Patol6gica, Hospital Universitario "Vir- 
gen Macarena," Avda. Dr. Fedriani, s /n ,  41009 Sevilla, Spain. 

Accepted for publication July 6, 1992. 

established statistically significant differences in compar- 
isons of malignant and benign paragangliomas. 

Conclusions. Karyometric and DNA densitometric 
parameters have limited value in determining the prog- 
nosis of paragangliomas, although they are correlated 
with tumoral location, which is still an indicator in es- 
tablishing the prognosis of these neoplasms. Cancer 
1993; 71:820-4. 

Key words: paragangliomas, DNA patterns, morphome- 
try, cytometry, pheochromocytoma. 

Paragangliomas are uncommon tumors composed pre- 
dominantly of cells with presumptive evidence of dif- 
ferentiation toward paraganglioma chief cells. They 
have been classified with several criteria: anatomic dis- 
tributions, capacity to reduce chromic acid, relationship 
with anatomic nervous system, and functional activity.' 

The biologic behavior of most paragangliomas is 
usually benign, and it cannot be predicted from their 
histologic appearance; metastasis is the only bona fide 
criterion of a malignant condition. Nevertheless, a me- 
diastinal or retroperitoneal l ~ c a t i o n ~ , ~  and certain mor- 
phologic features, such as nonencapsulation, high mi- 
totic activity, the presence of necrosis, the absence of 
hyaline globules, coarse granularity, and decreased im- 
munohistochemical reactivity to ne~ropeptides,~,~ have 
been correlated with a clinical malignant condition. 

Cytometric studies of tumors of different types and 
locations have been correlated with clinical o ~ t c o m e . ~ , ~  
In paraganglionic tumors, previous ~ t u d i e s ~ , ~  have 
found an association between aggressive clinical behav- 
ior and the presence of a hyperdiploid or tetraploid 
range in the DNA nuclear content. 

In the current study, we examined the morphomet- 
ric and densitometric characteristics of 23 paraganglio- 
mas from different locations to determine whether 
there are nuclear markers that can help predict the 
course of the disease. 
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Materials and Methods Table 2. Classification of Cellular Proliferation by DNA 
Indices* 

This study was based on 23 cases of paraganglioma: 7 
cervical and 16 noncervical (1 3 pheochromocytomas 
and 3 paraaortic and retroperitoneal paragangliomas). 
Specimens came from the archives of the Pathology 
Department of the University of Seville Medical School. 
For microscopic study, representative samples of the 
material were fixed in 10% buffered formaldehyde so- 
lution and embedded in paraffin by routine processing 
procedures. Four-micron-thick slices were stained with 
the Feulgen technique' and mounted in Permount. For 
each case, patient age and sex, history, and weight were 
known (Table 1). 

Karyometric studies were performed at the Labora- 
tory of Analytic and Quantitative Cytology of the Uni- 
versity of Chicago with the MicroTICAS system (Uni- 
versity of Chicago, Chicago, IL).'o*" At least 100 com- 
plete and nonoverlapping nuclei from each preparation 
were quantified. This system enables measurement of 
integral optical density (extinction) and other cytomet- 
ric parameters, such as nuclear area (based on the num- 
ber of pixels occupied by the nucleus) and nuclear form 
factor (perimeter/4* area). The diploid controls used in 
all cases were inactive lymphocytes obtained from the 

Table 1. Paragangliomas: General Features 

Patient Age Time Weight 
no. (yr) Sex Site Follow-up (mo) (g) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

34 M 
78 F 
22 M 
29 M 
26 F 
41 F 
19 F 
26 F 
57 F 
14 M 
45 M 
42 F 
51 M 
30 F 
55 F 
68 F 
51 F 
87 M 
76 M 

8 M  
51 F 
56 F 
60 F 

Adrenal 
Adrenal 
Adrenal 
Adrenal 
Adrenal (8)  
Adrenal 
Adrenal (B) 
Adrenal 
Adrenal 
Adrenal 
Adrenal 
Adrenal 
Adrenal 
Paraaortic 
Cervical 
Cervical 
Cervical 
Cervical 
Cervical 
Cervical 
Cervical 
Paraaortic 
Paraarotic 

AWD 
AWD 
AD 
AWD 
AWD 
DWD 
DWD 
AU'D 
AU'D 
AWD 
AWD 
AWD 
DD 
DD 
AWD 
AWD 
AWD 
AWD 
AWD 
AWD 
AWD 
DD 
DD 

30 20 
31 186 

131 480 
120 80 
120 330 

45 40 
30 75 
96 120 
84 12 
75 220 
60 330 
54 12 
23 31 
65 820 
51 6 
48 50 
30 14 
18 20 
88 7 
64 5 
27 20 
17  7 
15 225 

DNA index Ploidy categorization 

0.95-1.10 Diploid 
(0.95-1.10) Aneuploid 
c 0.95 Hypodiploid 
1.10-1.90 Hyperdiploid 
1.90-2.20 Tetraploid 
> 2.20 Hypertettraploid 

2 2 D1 = (0.95-1.10) 
DI: DNA index. 
* Based on Dressler and Bartow.I2 

Multiploid 

same preparation; at least 30 lymphocyte nuclei from 
each preparation were measured. 

With the use of nuclear integral optical density his- 
tograms, a qualitative and quantitative study was per- 
formed to identify clonal subpopulations; the DNA in- 
dex of each clonal subpopulation was calculated, and 
the cellular proliferation was categorized12 (Table 2). 

Nuclear integral optical density values were used to 
calculate mean ploidy (compared with the diploid con- 
trol and expressed in relative DNA units), the 2c devia- 
tion index (2cDI = C [Ci - 2c]/n), and the percentage of 
cells with an aneuploid nuclear DNA content higher 
than 5c that is not an exponent of 2 (5c exceeding rate 
[ 5 cER]). l3 ,I4 

In the statistical analysis, all variables were charac- 
terized for each pathologic group to obtain the arithme- 
tic mean, standard deviation, and variation coefficient. 
To establish the existence of significant differences, we 
compared the variables studied in each group with the 
Mann-Whitney test. Significant variables (P < 0.05) 
were selected for Fisher discriminant linear function, 
and the coefficients of classifying function and classifi- 
cation matrix were calculated. All mathematical studies 
were performed with the BMDP statistical package. 

Results 

The age range of patients with cervical paraganglioma 
was 8-87 years (56.6 f 17.0 years standard deviation 
[SD]). Among the 14 women and 9 men in the study, 
female patients predominated for cervical (4 women, 3 
men) and extracervical paraganglioma (1 0 women, 6 
men). Tumor weight varied widely, especially for extra- 
cervical paragangliomas (range, 7-820 g; 186.8 -+ 213.0 
g standard deviation); cervical paragangliomas had a 
narrower range (range, 5-50 g; 17.0 _t 15.7 g standard 
deviation). 

The results obtained from studvine conventional ~~, " ~~ ~ .~ ~~ ~~ ~ ~ ~~ ~ 

AWD: alive without evidence of disease; AD: alive with disease; DWD: dead 
without evidence of disease; DD: dead related to the disease; B: bilateral. 

morphometric characters are shown in Table 3. Both 
the nuclear area and nuclear form factor (mean and 
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Table 3. Morphornetric and DNA Densitometric Nuclear Results in Paragangliomas 
~~ ~ 

Noncervical paraganglioma Cervical paraganglioma 

Variable Averane SD cv Average SD cv 
Area (average) 58.739 10.293 0.175 32.083 8.926 0.278 
Area (SD) 19.092 5.152 0.270 9.841 4.217 0.429 
Form factor (average) 1.889 0.101 0.054 1.841 0.077 0.042 
Form factor (SD) 0.243 0.049 0.201 0.221 0.038 0.172 
DNA ploidy (average) 4.332 0.778 0.180 2.716 0.434 0.160 
DNA ploidy (SD) 1.534 0.559 0.365 1.043 0.387 0.372 
2cD1 8.618 5.292 0.614 1.877 1.322 0.705 
5cER 30.055 19.660 0.654 4.187 3.095 0.739 
Minor DNA index 1.825 0.263 0.144 1.086 0.118 0.109 
Major DNA index 1.958 0.378 0.193 1.240 0.249 0.201 
DNA index (difference) 0.133 0.334 2.506 0.154 0.267 1.728 

SD: standard deviation; CV: coefficient of variation; 2cDI: 2c deviation index; 5cER: 5c exceeding rate. 

standard deviation) were larger in extracervical para- 
gangliomas. 

Integral optical density histograms showed a pre- 
dominance of paragangliomas with a single cell line (9 
of the 23 analyzed) in both extracervical (4 of 16) and 
cervical paragangliomas (5 of 7). In accordance with the 
criteria of Dressler and Bartow,12 a total of 27 clonal 
subpopulations with a DNA index within the tetraploid 
range were identified among the cases of extracervical 
paraganglioma (1 8 subpopulations, mean minor DNA 
index of 1.83, and mean major DNA index of 1.96) and 
in the peridiploid range among the cases of cervical 
paraganglioma (9 subpopulations, mean minor DNA 
index of 1.09, and mean major DNA index of 1.24) (Fig. 
1). We did not encounter polyploidization, and only 
two cases were multiploid (both extracervical). The dis- 
tribution of the clonal subpopulations is seen in Table 4. 

Mean ploidy results differ from DNA index results: 
extracervical paragangliomas were in the tetraploid 
range (mean, 4.33 k 0.78 standard deviation), whereas 
cervical paragangliomas were close to triploidy (aver- 
age, 2.72; standard deviation, 0.43). The variables de- 
fined by Bocking et al. (2cDI and 5cER)13,14 were greater 
in extracervical paragangliomas than in cervical para- 
gangliomas (Table 3). 

With the Mann-Whitney test, statistically signifi- 
cant differences between extracervical and cervical par- 
agangliomas were established with the following vari- 
ables: weight ( P  = 0.0096), mean nuclear area (P 
= 0.0008), standard deviation of the nuclear area ( P  
= 0.0023), mean ploidy (P = 0.0008), 2cDI ( P  
= 0.0030), 5cER ( P  = 0.0030), and the minor (P 
= 0.0004) and major ( P  = 0.0009) DNA indices for each 
case. All these variables were examined with Fisher lin- 
ear discriminant analysis; mean nuclear area, the 2c 
standard deviation index, and the minor DNA index of 
each cell proliferation conserved their independent 

predictive value, and the coefficients of classifying 
function are shown in Table 5. The five remaining vari- 
ables lost their predictive value with multivariate 
analysis. 

With the individual coefficients obtained for each 
variable in each group (extracervical and cervical), we 
can calculate a global coefficient for each group by mul- 
tiplying the individual coefficients by the numeric 
value of the corresponding variable. New cases will be 
classified into the group for which the highest global 
coefficient is obtained. Two examples of extracervical 
and cervical paraganglioma are shown in Table 6. 

Application of these results to the cases studied 
here resulted in correct classification of 100% of the 
cases with the variables selected by Fisher discriminant 
linear function (Table 7). 

Of the paragangliomas that had a fatal outcome (in 
four patients), three were paraaortic and one was adre- 
nal. The paraaortic paragangliomas were diploid (one 
case) or hyperdiploid (two cases). Karyometric values 
were intermediate between the noncervical and cervical 
paragangliomas (ranges: nuclear area, 27.89-37.25 

Table 4. DNA Ploidy Category Distribution in 
Paragangliomas 

No. of No. of 
noncervical cervical 

DNA ploidy* (YO) (0%) 

Diploid l(6.25) 4 (57.14) 
Aneuploid 

+ diploid subpop. 0 (0.00) 2 (28.57) 
- diploid subpop. 4 (25.00) l(14.29) 

Tetraploid 9 (56.25) 0 (0.00) 
Multiploid 2 (12.50) 0 (0.00) 
Total 16 (100.0) 7 (100.0) 

* Based on Dressler and Bartow.I2 
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Figure 1. Histograms from (top) diploid and (bottom) tetraploid 
tumors. 

Table 6. Two Applicative Examples of Discriminant 
Analysis in Paragangliomas 

Example 1 

The results of cytomorphometric study of a paraganglioma were 
the following: nuclear area (average) = 58.739 pmZ; 2cDI = 8.618 
AU; minor DNA index = 1.825. 

In this case, the coefficients are: 

Parameters Coeff. A Coeff. B 

Nuclear area (average) 88.226 54.745 
2cDI -31.456 -21.674 
Minor DNA index 168.530 108.507 

111.940 96.020 

In this example, as the coefficient A is higher than the coefficient B, 

Constant -113.360 -45.558 

the tumor is noncervical, with an accuracy of 100.0% 

Example 2 

The results of cytomorphometric study of a paraganglioma were 
the following: nuclear area (average) = 32.083 pm’; 2cDI = 1.877 
AU; minor DNA index = 1.086. 

In this case, the coefficients are: 

Parameters Coeff. A Coeff. B 

Nuclear area (average) 48.189 29.901 

Minor DNA index 100.287 64.569 
Constant -113.360 -45.558 

28.265 44.191 

In this example, as the coefficient B is higher than the coefficient A, 

2cDI -6.851 -4.721 

the tumor is cervical, with an accuracy of 100.0%. 
2cDI: 2c deviation index; AU. arbitrary units. 

omas: area, 62.77 pm2; nuclear form factor, 1.90; 
ploidy, 4.24 AU; 2cD1, 7.05 AU; and 5cER, 21.95%. 
None of the variables established statistically signifi- 
cant differences in comparisons of malignant and be- 
nign paragangliomas. 

Discussion 

In several studies, it has been observed that the evolu- 
tion Of these On the site Of the Primary 

pm’; nuclear form factor, 1.78-1.87; ploidy, 2.60-2.75 
arbitrary units (AU); 2cD1, 1.54--3.00 AU; and 5cER, 
3.53-7.25%). The malignant adrenal paraganglioma 
was tetraploid and exhibited karyometric variables sig- 
nificantly larger than those of the paraaortic paragangli- 

Table 5. Parameters With Independent Predictive Value 
in Relation to Paraganglioma Location, and Their 
Corresponding Classification Coefficient Predictive group 

Parameter Noncervical Cervical Working group No. of cases Noncervicnl Cervicul 

Nuclear area (average) 1502  0 932 Noncervical 16 16 0 
2cDI -3 650 -2 515 100 0% 0 0% 
Minor DNA index 92 345 59 456 Cervical 7 0 7 
Constant -113 360 -45 558 0 0% 100 0% 

Table 7. Ch~sification of Function Results in 
Paragangliomas* 

2cDI 2c deviation index * Percent of cases correctly classihed 100 0% 
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neoplasm. Aggressive biologic behavior has been con- 
firmed, particularly in mediastina13 and retroperitoneal 
tumors.' Of our patients, only four died of the neo- 
plasm, so no conclusions can be drawn. However, all of 
the tumors causing death were extracervical (one adre- 
nal). The other features correlated with prognosis are all 
highly variable. Although it is affirmed that malignant 
paragangliomas tend to be larger than benign para- 
gangli~mas,'~ weights differed widely and there was 
considerable overlap. In our patients who died, tumor 
weights ranged from 7 to 820 g. Histologic features that 
have been correlated with a high incidence of metasta- 
sis in paraganglioma~,~,~, '~-'~ such as nonencapsulation, 
necrosis, neural and vascular invasion, and high mitotic 
index, showed no significant differences in our series. 

Previous cytomorphometric studies7,' affirmed 
that, when these neoplasms have a benign biologic 
course, their DNA content is in the diploid range, but 
with great variability, whereas those with an aggressive 
biologic course are in the hyperdiploid or tetraploid 
range, but show less variability in DNA content. Our 
cases with unfavorable evolution tended to confirm 
this: one was diploid, one tetraploid, and two hyperdip- 
loid, and the range of distribution of the DNA content 
was low (the 2cDI range was 0.99-1.63 AU). However, 
the presence of an aneuploid peak does not preclude 
benign biologic beha~ior . '~ , '~  In our cases, nondiploid 
DNA values were found in 3 of 7 cervical paraganglio- 
mas and 15 of 16 noncervical paragangliomas. In con- 
trast, the existence of a diploid DNA pattern does not 
ensure benign behavior; one of our malignant paraaor- 
tic cases was diploid. These results contrast with those 
of Klein et al.," who considered DNA determination to 
be an objective method for identifying malignant neo- 
plasms. However, the series of these authors contained 
only one euploid case, which was clinically benign. 

In the comparative analysis of cytomorphometric 
variables of cervical and extracervical paragangliomas, 
the parameters that independently established differ- 
ences that were statistically significant were mean nu- 
clear area, 2cD1, and minor DNA index. For all these 
parameters, larger values were observed in noncervical 
paragangliomas, which had a ploidy in the range of 
tetraploidy (DNA index, 1.83), as compared with cervi- 
cal paragangliomas, with a diploid range (DNA index, 
1.09). In relation to the larger amount of DNA, the nu- 
clear area (58.74 pm) and variability of DNA content 
among nuclei were also greater (2cDI = 8.62 AU in 
noncervical paragangliomas versus 1.88 AU in cervical 
paragangliomas). 

In conclusion, DNA determination has limited 
value in the diagnosis or prognosis of paragangliomas. 
Tumor location is still an indicator in establishing the 
prognosis of these neoplasms. The different course of 

paragangliomas could result from different intrinsic be- 
havior, probably in relation to a more important alter- 
ation in the nuclear genome. 
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A b s t r a c t

This study compared 3 systems and a newly
designed stepwise discriminant diagnostic system
(SDDS) to assess accuracy, reproducibility, and
reliability in adrenocortical nodular hyperplasia
(ACNH; n = 82), adenoma (ACA; n = 78), and
carcinoma (ACC; n = 32) (diagnoses according to
World Health Organization criteria; median follow-up,
135 months). In cross-validations, we studied cortex
appearance, growth pattern, cytoplasmic features,
nuclear parameters, mitotic figure count (MFC),
necrosis, invasion, and stromal-inflammatory reactions.
The SDDS independent predictors were MFC/high-
power field SD, anisokaryosis, cortex appearance, and
stromal reaction, correctly classifying 100% of ACNH,
91% of ACA, and 88% of ACC cases. The Hough
system correctly classified 78% of ACNH, 81% of ACA,
and 84% of ACC cases; the Weiss and van Slooten
systems correctly classified 100% of ACNH, 0% of
ACA, and 92% of ACC cases. MFC variability is the
most important adrenocortical malignancy criterion.
Accurate malignancy diagnosis requires multiple
variable evaluations, provided by SDDS (the most
specific system) and the Weiss or van Slooten system
(the most sensitive). SDDS is the most useful system for
distinguishing tumors from ACNH (myxoid stroma and
anisokaryosis).

Several algorithms are currently used to classify adreno-
cortical tumors,1-3 but the morphologic distinction of different
adrenocortical proliferative lesions remains controversial. It is
assumed they represent a continuous spectrum, but the accu-
rate identification of adrenocortical carcinoma (ACC) has
important prognostic and therapeutic implications.4-11 These
systems emphasize the identification of biologically aggres-
sive lesions, resulting in nontested specificity, use different
criteria to assess variables such as capsular invasion or mitot-
ic figure counting, and do not address the diagnosis of adreno-
cortical nodular hyperplasia (ACNH). In addition, no study
has tested the reproducibility of these diagnostic systems in a
single series.

This study compared the 3 most used systems with a
newly designed stepwise discriminant diagnostic system
(SDDS) for accuracy, reproducibility, reliability, and ease of
application in a series of ACNH, adrenocortical adenoma
(ACA), and ACC.

Materials and Methods

A series of consecutive bilateral ACNH (n = 82), ACA (n
= 78), and ACC (n = 32) cases were selected from the pathol-
ogy files of 3 referral university hospitals. All surgical speci-
mens were routinely processed for histologic diagnosis and
sampled with at least 1 block per centimeter of maximum
lesion diameter. The cases were classified according to the
World Health Organization and Armed Forces Institute of
Pathology criteria12,13 and follow-up data (median, 135
months); lesions were classified malignant if metastases were
present. The morphologic classification of adrenal cortical
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hyperplasia took into account the nodule size, pattern of dis-
tribution, color, and architectural pattern. The nodules com-
press the adjacent cortex and reveal clear cells, along with
clusters of compact cells. Cellular hypertrophy and nuclear
pleomorphism may be seen in some nodules. Examination of
the adjacent cortex in nodular hyperplasia shows evidence of
hyperplasia.

The clinical syndrome was studied in each case by the
standard clinical, laboratory (including basal hormone deter-
mination, along with stimulatory and suppression tests, if nec-
essary), and imaging methods.12-14

Histopathologic Analysis

All microscopic slides were reviewed and used for sys-
tematic histologic evaluation by 2 independent observers
(A.B. and S.J.D.-C.) who performed the evaluation in tumors
and dominant adenomatous nodules of ACNH. In case of dis-
agreement, the lesions were discussed during simultaneous
inspection before final categorization. Reproducibility data
were not recorded. Evaluation included the following:

1. The histologic pattern of the cortex adjacent to ACA and
ACC was considered atrophic if architectural disarray
and a thick, fibrous capsule were present in a thin cortex.
The opposite features defined hyperplastic cortex, and
the absence of those features was indicative of normal
histologic features.

2. The lesion architecture was classified according to the
growth pattern as alveolar, trabecular, nodular, insular,
and diffuse or solid.

3. Necrosis was defined by dense eosinophilic cytoplasm
and fragmented nuclei in a neutrophilic background. Its
distribution pattern and extension (lesion percentage)
were also surveyed. Lymphocytic satellitosis
surrounding apoptotic cells was registered as peripolesis.

4. Tissue reaction, considering 2 main subtypes:
desmoplastic (homogeneous hyaline connective tissue)
and myxoid (basophilic loose extracellular matrix).
When present, its extension was registered as lesion
percentage.

5. Inflammation type and grade were separately
considered.

6. Tumor capsule invasion (defined by tumor cell
infiltration through the capsule).

7. Vascular and perineural invasion was evaluated as part of
lesion extension.

8. Cytoplasmic features included staining (eosinophilic,
basophilic, and pale), appearance (homogeneous, foamy,
and granular), and the presence of globules or
cytoplasmic pigment.

9. Nuclear features were independently analyzed as
reported,15 including nuclear size variability,
pleomorphism, chromatin distribution, and nucleolus.

Nuclear grade was considered high if 3 or more nuclear
features were present.

10. Nuclear/cytoplasmic (N/C) ratio (low or high) was
referred to that of the corresponding cellular type
(foamy, clear, and eosinophilic).

11. The mitotic figure count (MFC) was performed in 50
consecutive high-power fields (HPF) (5.232 mm2) as
reported.16,17 The MFC and cellularity estimations (N =
Σ[nπ/4]2), where n = number of cells intersected by the
microscope field diameter, were registered in each HPF,
expressing the results of the MFC per 50 HPF and per
1,000 cells and the SD per HPF and per 1,000 cells.17-21

Atypical mitoses were also counted in the same 50 HPF.
Morphologic criteria proposed by Hough et al (Hough

histologic system [HHS]), Weiss system (WS), and van
Slooten et al (van Slooten system [VSS]) were evaluated as
described ❚Table 1❚.1-3 The systems were validated using an
independent set of lesions (ACNH, 23; ACA, 37; ACC, 18)
and calculating the percentage of cases correctly classified.

Statistical Analysis

Qualitative variables were compared by the Pearson χ2

test (with Yates correction, if necessary) and the Fisher exact
test, whereas quantitative variables were analyzed by nonpara-
metric analysis of variance. Results were considered statisti-
cally significant if the P value was less than .05 in 2-tailed dis-
tribution assays.

Significant variables were introduced in several stepwise
discriminant analyses using complete cases only, obtaining
the corresponding discriminant function coefficients of each
diagnostic group and the classification matrices. In addition,
every discriminant analysis was validated by randomly sub-
tracting 20 cases and then running new analyses with the
remaining 172 cases. At least 10 cross-validation tests were
performed for each diagnostic system. The multivariate analy-
ses included the following: (1) Define a stepwise discriminant
diagnostic system (SDDS) for ACNH, ACA, and ACC using
the histologic features described in the preceding text. (2)
Check the reproducibility of all diagnostic systems for the
diagnosis of ACNH, ACA, and ACC.

Finally, contingency tables were used to calculate sensi-
tivity, specificity, and predictive values for each diagnostic
system in relation to ACC diagnosis, tumor diagnosis, and
ACA diagnosis. Data are given as mean ± SD unless other-
wise stated.

Results

The most frequent manifestations were Cushing syn-
drome for ACNH and mass with no endocrine symptoms for
ACA and ACC ❚Figure 1❚; the simultaneous presence of
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endocrine symptoms and mass effect was suggestive of ACC.
The only morphologic finding that correlated with the clinical
manifestations was the presence of cortical atrophy in
Cushing syndrome due to adrenocortical neoplasms.

Adrenocortical Nodular Hyperplasia

ACNHs were found in 69 females (84%) and 13 males
(16%) with an age of 43.5 ± 14.3 years. The adrenals weighed
32.2 ± 35.7 g and showed a maximum diameter of 10.4 ± 4.6 cm.

Histologic examination revealed a trabecular growth pat-
tern in 60 cases (73%), alveolar in 17 cases (21%), and nodular

in 5 cases (6%). The cytoplasmic features of proliferating cells
were foamy and clear (65 cases [79%]) or homogeneous and
eosinophilic (17 cases [21%]). Eosinophilic globules were
present in only 9 cases (11%) and pigment in 4 (5%).

No confluent necrosis was observed, but isolated cells
showing apoptotic features and lymphocytic satellitosis were
seen in 13 cases (16%). The inflammatory response was unre-
markable, and there was no extraglandular extension.

Bland nuclear features predominated: low grade, 78 cases
(95%); low anisokaryosis, 47 cases (57%); mild pleomor-
phism, 73 cases (89%); fine chromatin distribution, 69 cases

❚Table 1❚
Histologic Evaluation in Adrenal Cortical Tumors: Criteria and Results

Scoring System Positive Variable if ACNH (n = 82) ACA (n = 78) ACC (n = 32)

Hough histologic
Growth pattern (0.92×) Diffuse 0 2 25
Vascular invasion (0.92×) Yes 0 2 17
Tumor necrosis (0.69×) ≥2 HPF 0 5 20
Broad fibrous bands (1×) >1 HPF 0 5 20
Capsular invasion (0.37×) Yes 0 7 20
Mitotic index (0.60×) (100 HPF/10) >1 0 5 30
Pleomorphism (0.39×) Moderate/severe 17 59 30

Weiss
Fuhrman nuclear grade III/IV 9 17 27
Mitotic index per 50 HPF ≥5 0 2 25
Atypical mitosis Yes 0 0 20
Clear cytoplasm in cells <25% 17 32 32
Growth pattern (diffuse ≥1/3) Yes 0 2 25
Necrosis (confluent nests) Yes 0 5 20
Sinusoid invasion Yes 0 2 12
Venous invasion Yes 0 2 12
Tumor capsule invasion Yes 0 7 20

van Slooten
Regressive changes (5.7×) Moderate/extensive 0 15 25
Structural changes (1.6×) Abnormal 0 15 27
Nuclear atypia (2.1×) Moderate/severe 22 56 27
Nuclear hyperchromatism (2.6×) Moderate/severe 4 15 27
Nucleolar structure (4.1×) Abnormal 0 2 0
Mitotic index per 10 HPF (9.0×) ≥2 0 0 20
Capsule or capsular vessel invasion (3.3×) Yes 0 7 22

ACA, adrenocortical adenoma; ACC, adrenocortical carcinoma; ACNH, adrenocortical nodular hyperplasia; HPF, high-power field; 100 HPF/10, number of mitotic figures per 10
HPF after screening 100 HPF.
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❚Figure 1❚ Distribution of clinical manifestations in each pathologic group of adrenocortical lesions. ACA, adrenocortical
adenoma; ACC, adrenocortical carcinoma; ACNH, adrenocortical nodular hyperplasia.
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(84%); inconspicuous nucleoli, 78 cases (95%); and low N/C
ratio, 60 cases (73%). Only 4 cases (5%) showed nuclear
pseudoinclusions, and 13 revealed multinucleated cells (16%).
The MFC was low (0.44 ± 0.55 MF/50 HPF; 0.12 ±
0.22/1,000 cells) with no atypical MF.

Adrenocortical Adenoma

ACAs were found in 64 females (82%) and 14 males
(18%) with an age of 45.5 ± 14.9 years. The adrenals weighed
47.9 ± 92.6 g, and the tumor measured 5.5 ± 3.0 cm in maxi-
mum diameter.

Histologically, the peritumoral gland was atrophic in 29
cases (37%), hyperplastic in 10 cases (13%), and unremark-
able in 39 cases (50%). The growth pattern of the tumors was
alveolar in 29 cases (37%), trabecular in 27 (35%), nodular
in 20 (26%), and insular in 2 (3%). Cytologically, tumors
composed of foamy, clear cells predominated in this series
(46 cases [59%]), and only 20 cases (26%) contained
eosinophilic globules. Twelve cases (15%) had pigment-con-
taining cells.

Small necrotic foci were present in 5 cases (6%) and iso-
lated apoptotic cells in 25 cases (32%). No or minimal inflam-
matory response was found, predominantly lymphocytic (51
cases [65%]). Myxoid stromal reaction was observed in 29
cases (37%) and desmoplastic tissue response in 5 cases (6%).
Only 2 cases (3%) showed occasional intravascular cells
through wall discontinuity and capsular disruption, but no
perineural or lymphatic involvement was seen.

Nuclear features were low grade (63 cases [81%]),
prominent anisokaryosis (76 cases [97%]), mild pleomor-
phism (56 cases [72%]), fine chromatin distribution (46 cases
[59%]), inconspicuous nucleoli (63 cases [81%]), and a low
N/C ratio (39 cases [50%]). Nuclear pseudoinclusions were
observed in 18 cases (23%) and multinucleated cells in 37
cases (47%). The MFC was low (0.90 ± 0.09 MF/50 HPF;
0.24 ± 0.36/1,000 cells) with no atypical MF.

Adrenocortical Carcinoma

ACCs were found in 23 females (72%) and 9 males
(28%) with an age of 48.3 ± 19.2 years. The adrenals weighed
470.0 ± 590.8 g, and the tumor measured 12.0 ± 6.2 cm in
maximum diameter.

Microscopically, the peritumoral gland was atrophic in 3
cases (9%), hyperplastic in 3 (9%), and unremarkable in 26
(82%). The growth patterns of the tumors were diffuse in 18
cases (56%), insular in 7 (22%), nodular in 5 (16%), and tra-
becular in 2 (6%). Cytologically, all tumors predominantly
revealed eosinophilic cells, and 7 cases (22%) also showed
eosinophilic globules. No pigment was seen.

Tumor cell necrosis was frequently observed (21 cases
[66%]), with a confluent (14 cases [44%]) or perithelial pat-
tern (7 cases [22%]). In addition, apoptotic cells were present

in 25 cases (78%), associated with lymphocytic satellitosis in
only 11 cases (34%). The inflammatory response was minimal
in 23 cases (72%), predominantly lymphocytic in 16 cases
(50%). A stromal reaction was observed in 21 cases (66%) and
was desmoplastic in 19 (59%) and myxoid in 2 (6%). Local
staging showed extracapsular extension in 16 cases (50%) and
blood vessel invasion (capsular blood in 14 cases [44%] and
extracapsular in 2 [6%]). Only 1 case showed perineural inva-
sion, but no lymphatic invasion was observed.

Nuclear features included high grade in 30 cases (94%),
prominent anisokaryosis in 32 (100%), severe pleomorphism
in 30 (94%), coarse chromatin in 25 (78%), inconspicuous
nucleoli in 25 (78%), and a low N/C ratio in 21 (66%).
Nuclear pseudoinclusions were present in 7 cases (22%) and
multinucleated cells in 11 (34%). The MFC was high (15.58
± 0.53 MF/50 HPF; 3.52 ± 1.96/1,000 cells) with atypical
MFs in 21 cases (66%; indexing 1.83 ± 2.98/50 HPF and 0.36
± 0.61/1,000 cells). Fewer than 15% of ACC cases (4/32) had
an SDMF/HPF of less than 0.24, whereas more than 95% of the
benign lesions (154/160) had an SDMF/HPF of less than 0.29.

SDDS Definition

ACC was mainly defined by unremarkable peritumoral
gland, diffuse or insular tumor growth pattern, eosinophilic cyto-
plasm in tumor cells, high nuclear grade (highly variable nuclear
size and severe pleomorphism), and high SDMF/HPH, along with
confluent necrosis and desmoplastic reaction ❚Table 2❚.

The SDDS independent predictors were SDMF/HPF, peri-
tumoral gland pattern, anisokaryosis, and stromal reaction
(presence and type) ❚Image 1❚, variables that were selected
together in 70% or more of forthcoming cross-validation
tests. Considering all variables as equally important, the
probability of finding any of them (P) was .931 (P5 = 0.7;
therefore, P = .931). The percentage of correctly classified
cases was always more than 88% ❚Table 3❚ and more than
92% when applying the initial set of criteria to the independ-
ent set of cases ❚Table 4❚.

Anisokaryosis and peritumoral adrenal pattern were
always selected in the cross-validation tests, whereas
SDMF/HPF and the stromal reaction (presence and type) were
selected by 80% and 70% of cross-validations, respectively. If
the MFC offered no diagnostic information, the pondered
nuclear grade became the first alternative.

Other Systems

The HHS limits to diagnose ACNH, ACA, and ACC
❚Figure 2❚ meant that ACNH must not fulfill any criterion,
although in this series, 4 ACNH cases showed moderate to
severe pleomorphism (Table 1). Similarly, ACA criteria
would include moderate to severe pleomorphism, capsular
invasion, and/or any of the following: tumor necrosis, broad
fibrous bands, or mitotic index of more than 1/10 HPF, in
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decreasing importance. Although any histologic criterion
was found in ACA, cases without nuclear pleomorphism or
fulfilling more than 4 criteria were unlikely (Table 1). ACC
was diagnosed if the lesion showed moderate to severe pleo-
morphism, a mitotic index of more than 1/10 HPF, a diffuse
growth pattern, and any of the remaining features (especial-
ly necrosis, broad fibrous bands, and capsular invasion), in
decreasing order of relevance (Table 1). No Hough criterion
was ACC-specific. The percentages of cases correctly classi-
fied by the HHS are shown in ❚Table 5❚ and ❚Table 6❚.

WS and VSS discriminant function coefficients provid-
ed a narrow range for ACA diagnosis (Figure 2), explaining
the ACNH diagnosis assigned to all benign lesions. Lack of
clear cytoplasm and Fuhrman III/IV nuclear grade were the
most frequent WS criteria in ACA; the others were found in
fewer than 10% (Table 1). VSS characterized ACA by mod-
erate to severe nuclear atypia, moderate to severe hyperchro-
matism, and moderate to extensive regressive changes; tumor
capsule invasion was found in tumors with no regressive

changes (Table 1). ACC-specific criteria were the presence of
atypical mitosis and 2 or more MF/10 HPF, whereas more
than 5 MF/50 HPF and intravascular tumor cells were also
found in ACA (Table 1). ACC fulfilled several criteria (WS
scores > 3 and VSS scores > 1.49), including moderate to
severe pleomorphism and hyperchromatism, structural
changes (diffuse growth pattern), and high mitotic indices
(Table 1). VSS regressive changes were frequent findings,
whereas WS always revealed no clear cells. The percentages
of cases correctly classified by the WS and VSS are shown
in ❚Table 7❚ and ❚Table 8❚.

Reproducibility, Sensitivity, and Specificity Analyses

The sensitivity, specificity, and positive and negative
predictive values are shown in ❚Table 9❚. Discriminant func-
tions achieved high reproducibility with diagnostic agree-
ment in 159/192 cases (82.8%); WS and VSS discriminant
functions did not distinguish ACNH from ACA, restricting
the reproducibility for these systems to the benign-malignant

❚Table 2❚
Independent Predictive Variables Selected by Stepwise Discriminant Analysis and Cross-Validation Tests in 192 Samples*

ACNH (n = 82) ACA (n = 78) ACC (n = 32) P

Peritumoral gland <.0001
Atrophic — 29 (15.1) 3 (1.6)
Normal — 39 (20.3) 26 (13.5)
Hypertrophic — 10 (5.2) 3 (1.6)

Cytoplasmic staining .0001
Eosinophilic 22 (11.5) 32 (16.7) 32 (16.7)
Basophilic 0 (0.0) 0 (0.0) 0 (0.0)
Pale, finely vacuolated 60 (31.3) 46 (24.0) 0 (0.0)

Cytoplasmic appearance .0001
Homogeneous 18 (9.4) 16 (8.3) 27 (14.1)
Foamy 64 (33.3) 52 (27.1) 0 (0.0)
Granular 0 (0.0) 10 (5.2) 5 (2.6)

Anisokaryosis <.0001
Mild 47 (24.5) 2 (1.0) 0 (0.0)
Intense 35 (18.2) 76 (39.6) 32 (16.7)

Nuclear grade <.0001
Low 78 (40.6) 63 (32.8) 2 (1.0)
High 4 (2.1) 15 (7.8) 30 (15.6)

Atypical mitosis <.0001
No 82 (42.7) 78 (40.6) 12 (6.3)
Yes 0 (0.0) 0 (0.0) 20 (10.4)

Necrosis <.0001
No 82 (42.7) 73 (38.0) 12 (6.3)
Yes 0 (0.0) 5 (2.6) 20 (10.4)

Capsular invasion .0002
No 82 (42.7) 76 (39.6) 17 (8.9)
Yes 0 (0.0) 2 (1.0) 15 (7.8)

Stromal reaction .0002
No 82 (42.7) 49 (25.5) 10 (5.2)
Yes 0 (0.0) 29 (15.1) 22 (11.5)

Type of stromal reaction <.0001
None 82 (42.7) 49 (25.3) 10 (5.2)
Myxoid 0 (0.0) 25 (13.0) 2 (1.0)
Desmoplastic 0 (0.0) 4 (2.1) 20 (10.4)

SDMF/HPF (50 HPF) (Mean ± SD) 0.05 ± 0.08 0.09 ± 0.10 0.53 ± 0.29 <.0001
Necrosis extension (%) (Mean ± SD) 0.00 ± 0.00 0.97 ± 4.55 16.67 ± 17.23 <.0001

ACA, adrenocortical adenoma; ACC, adrenocortical carcinoma; ACNH, adrenocortical nodular hyperplasia; MF/HPF, mitotic figure/high-power field.
* Data are given as number (percentage of 192) unless otherwise indicated.
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A

❚Image 1❚ Histologic criteria selected by the stepwise
discriminant diagnostic system. A, Mitotic figures in adrenal
cortical carcinomas. Mitotic figure counting was the most
important malignancy criterion in adrenal cortical lesions,
especially the evaluation of variability. The presence of 3
mitotic figures in 1 high-power field was found only in
malignant neoplasms. B, Anisokaryosis in adrenal cortical
proliferative lesions. Prominent nuclear size variability was a
useful criterion for the distinction of adenomas (left) from
nodular hyperplasia (right). C, Stromal reaction in the
evaluation of adrenal cortical proliferative lesions. Desmoplasia
(left) was found in adrenal cortical carcinomas, whereas
myxoid reaction (right) was present in adrenal cortical
adenomas, especially in the internal zone.

❚Table 4❚
Classification Matrix for the SDDS Classification in the Validation Set of Cases

SDDS Classification

Final Diagnosis Classification Percentage Correct ACNH ACA ACC Total

Nodular hyperplasia 100 23 0 0 23
Adenoma 92 3 34 0 37
Carcinoma 94 0 1 17 18
Total 95 26 35 17 78

ACA, adrenocortical adenoma; ACC, adrenocortical carcinoma; ACNH, adrenocortical nodular hyperplasia; SDDS, stepwise discriminant diagnostic system.

❚Table 3❚
Classification Matrix for the SDDS

SDDS Classification

Final Diagnosis Classification Percentage Correct ACNH ACA ACC Total

Nodular hyperplasia 100 82 0 0 82
Adenoma 91 7 71 0 78
Carcinoma 88 0 4 28 32
Total 94.3 89 75 28 192

ACA, adrenocortical adenoma; ACC, adrenocortical carcinoma; ACNH, adrenocortical nodular hyperplasia; SDDS, stepwise discriminant diagnostic system.

B

C
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distinction. ACNH cases were always classified as benign,
regardless of the diagnostic system. However, HHS misclas-
sified 18 ACNH cases (22%) as ACA; the diagnosis was con-
cordant in the remaining cases. HHS discriminant function
correctly classified 63 ACAs (81%, including 11 cases inter-
preted as intermediate) but misclassified 12 as ACNH (15%)
and 3 as ACC (4%). SDDS misclassified 7 ACAs as ACNH

(9%) from the same group misclassified by HHS and 4
ACCs as ACA (13%) ❚Table 10❚. Most ACCs were repro-
ducibly diagnosed: 27 cases (84%) were correctly classified
with all systems, and only 4 ACCs were misclassified as
ACA by SDDS (Table 10). The relevance of this diagnostic
system is also supported by the follow-up data of malignant
and benign lesions with atypical features ❚Table 11❚.
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C ❚Figure 2❚ Confidence interval limits (95%) for each
pathologic condition using the Hough histologic score (A),
Weiss system (WS) (B), and van Slooten system (VSS) (C).
The WS and VSS obtained a very narrow interval for ACA
diagnosis, explaining the classification of all benign lesions as
ACNH. ACA, adrenocortical adenoma; ACC, adrenocortical
carcinoma; ACNH, adrenocortical nodular hyperplasia.

❚Table 6❚
Classification Matrix for the Hough Histologic Score in the Validation Set of Cases

Hough Histologic Score

Final Diagnosis Classification Percentage Correct ACNH ACA ACC Total

Nodular hyperplasia 78 18 5 0 23
Adenoma 81 6 30 1 37
Carcinoma 83 0 3 15 18
Total 81 24 38 16 78

ACA, adrenocortical adenoma; ACC, adrenocortical carcinoma; ACNH, adrenocortical nodular hyperplasia.

❚Table 5❚
Classification Matrix for the Hough Histologic Score

Hough Histologic Score

Final Diagnosis Classification Percentage Correct ACNH ACA ACC Total

Nodular hyperplasia 78 64 18 0 82
Adenoma 81 12 63 3 78
Carcinoma 84 0 5 27 32
Total 80.2 76 86 30 192

ACA, adrenocortical adenoma; ACC, adrenocortical carcinoma; ACNH, adrenocortical nodular hyperplasia.
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Discussion

The diagnosis of adrenocortical proliferative lesions
requires a combined and systematic evaluation. The single
most important criterion of malignancy is intratumor MF vari-
ability, whereas the absence of positive histologic findings
defines ACNH (with the exception of some nuclear atypia).
Except for high and variable MFCs, any histologic feature can
be present alone in ACA. The morphologic findings used to
classify adrenocortical proliferative lesions were not predictive
of the clinical syndrome.

The diagnostic usefulness of MF variability (SDMF/HPF) has
been hardly described for ACC diagnosis, although MFC is the
most important diagnostic variable.2,3,10,11,22-24 DNA and prolif-
eration heterogeneity are hallmarks of malignant transformation
in the adrenal cortex,18 and, for the first time, this variability
has been successfully incorporated in a diagnostic system as

SDMF/HPF. SDMF/HPF was the most powerful malignancy pre-
dictor, with an SDMF/HPF of 0.30 or more (1 MF/HPF in 5 HPF,
or at least 3 MF/50 HPF, 2 of them in a single HPF, screening
50 HPF) highly suggestive of malignancy (Image 1). Owing
to the adrenocortical low proliferation index, accurate MF
evaluation requires screening several HPF, but only the MFC
has been used diagnostically.1-3 Although MFC and SDMF/HPF
are directly correlated,18 the data variability was much higher
for MFC, resulting in bigger group overlaps and less reliable
classifications.18 The diagnostic specificity increases by
reducing the shadow areas, explaining the selection of
SDMF/HPF for the SDDS and our proposal of SDMF/HPF evalua-
tion in 50 HPF. Only an MFC of 2/10 HPF or more and the
presence of atypical mitosis were ACC-specific2,3 but were
less sensitive (present in 63% of ACCs) and associated with
other non–ACC-specific criteria, such as high nuclear grade,
anisokaryosis, or desmoplastic reaction (Image 1). Only the

❚Table 8❚
Classification Matrix for the Weiss and van Slooten Systems in the Validation Set of Cases

Weiss and van Slooten Systems

Final Diagnosis Classification Percentage Correct ACNH ACA ACC Total

Nodular hyperplasia 100 23 0 0 23
Adenoma 0 35 0 2 37
Carcinoma 94 1 0 17 18
Total 51 59 0 19 78

ACA, adrenocortical adenoma; ACC, adrenocortical carcinoma; ACNH, adrenocortical nodular hyperplasia.

❚Table 7❚
Classification Matrix for the Weiss and van Slooten Systems

Weiss and van Slooten Systems

Final Diagnosis Classification Percentage Correct ACNH ACA ACC Total

Nodular hyperplasia 100 82 0 0 82
Adenoma 0 73 0 5 78
Carcinoma 94 2 0 30 32
Total 58.3 157 0 35 192

ACA, adrenocortical adenoma; ACC, adrenocortical carcinoma; ACNH, adrenocortical nodular hyperplasia.

❚Table 9❚
Sensitivity, Specificity, and Predictive Values of Adrenocortical Diagnostic Systems*

Sensitivity Specificity Positive Predictive Value Negative Predictive Value

SDDS
Benign/ACC 88 (28/32) 100.0 (160/160) 100 (28/28) 97.6 (160/164)
ACNH/tumor 93.6 (103/110) 100 (82/82) 100.0 (103/103) 92 (82/89)
Others/ACA 91 (71/78) 96.5 (110/114) 95 (71/75) 94.0 (110/117)

HHS
Benign/ACC 84 (27/32) 98.1 (157/160) 90 (27/30) 96.9 (157/162)
ACNH/tumor 89.1 (98/110) 78 (64/82) 84.5 (98/116) 84 (64/76)
Others/ACA 81 (63/78) 79.8 (91/114) 73 (63/86) 85.8 (91/106)

WS and VSS
Benign/ACC 94 (30/32) 96.9 (155/160) 86 (30/35) 98.7 (155/157)
ACNH/tumor 31.8 (35/110) 100 (82/82) 100 (35/35) 52.2 (82/157)

ACA, adrenocortical adenoma; ACC, adrenocortical carcinoma; ACNH, adrenocortical nodular hyperplasia; HHS, Hough histologic score; SDDS, stepwise discriminant
diagnostic system; VSS, Van Slooten system; WS, Weiss system.

* The sensitivity, specificity, and predictive values are given as percentages with the numbers used for calculation in parentheses.



406 Am J Clin Pathol 2007;127:398-408
406 DOI: 10.1309/MCGUQ3R4A4WWN3LB

© American Society for Clinical Pathology

Blanes and Diaz-Cano / HISTOLOGIC CRITERIA IN ADRENOCORTICAL LESIONS

❚Table 10❚
Misclassified Adrenocortical Tumors

Case No. HHS WS VSS SDDS

ACA-6 Benign Benign Malignant ACNH
ACA-13 Undetermined Malignant Benign ACNH
ACA-20 Undetermined Benign Malignant ACNH
ACA-37 Undetermined Malignant Benign ACNH
ACA-38 Benign Benign Malignant ACNH
ACA-51 Benign Malignant Benign ACNH
ACA-68 Benign Benign Malignant ACNH
ACC-2 Benign Malignant Malignant ACA
ACC-8 Benign Benign Benign ACA
ACC-17 Benign Malignant Malignant ACA
ACC-25 Benign Benign Benign ACA

ACA, adrenocortical adenoma; ACC, adrenocortical carcinoma; ACNH, adrenocortical nodular hyperplasia; HHS, Hough histologic score; SDDS, stepwise discriminant
diagnostic system; VSS, Van Slooten system; WS, Weiss system.

❚Table 11❚
Clinicopathologic Features of ACAs With Angioinvasion or Misclassified as Malignant and ACC of the Adrenal Cortex

Metastasis at Diagnosis Survival

Case No. Stage* Size (cm) Extra-adrenal Invasion Lymph Node Distant Disease Free (mo) Status

ACA-20† I 5 No No No 180 ANED
ACA-23‡ I 3 No No No 179 ANED
ACA-51† I 5 No No No 138 ANED
ACA-66‡ I 2.5 No No No 194 ANED
ACA-6† II 8 No No No 210 ANED
ACA-13† II 9 No No No 163 ANED
ACA-37† II 6 No No No 119 ANED
ACA-38† II 6.7 No No No 125 ANED
ACA-68† II 10 No No No 152 ANED
ACC-2§ I 4 No No No 67 AWED
ACC-17§ I 4 No No No 79 AWED
ACC-26 I 5 No No No 74 AWED
ACC-32 I 5 No No No 66 AWED
ACC-5 II 9 No No No 50 AWED
ACC-10 II 12 No No No 80 AWED
ACC-11 II 15 No No No 49 AWED
ACC-20 II 7 No No No 15 AWED
ACC-21 II 15 No No No 67 DOD
ACC-27 II 6 No No No 69 AWED
ACC-30 II 6 No No No 70 AWED
ACC-1 III 15 Yes No No 10 DOD
ACC-4 III 11 Yes No No 20 DOD
ACC-6 III 5 Yes No No 22 AWED
ACC-7 III 12 Yes No No 13 DOD
ACC-8§ III 4.2 No Yes No 20 AWED
ACC-9 III 21 Yes No No 12 DOD
ACC-13 III 10 Yes No No 21 AWED
ACC-14 III 9 Yes No No 11 DOD
ACC-15 III 8 Yes No No 11 DOD
ACC-16 III 12 Yes No No 13 DOD
ACC-29 III 14 Yes No No 12 DOD
ACC-31 III 11 Yes No No 21 DOD
ACC-3 IV 20 No Yes Yes 3 DOD
ACC-12 IV 23 Yes Yes Yes 3 DOD
ACC-18 IV 20 Yes Yes Yes 5 DOD
ACC-19 IV 19 No Yes Yes 3 DOD
ACC-22 IV 19 No Yes Yes 2 DOD
ACC-23 IV 24 Yes Yes Yes 1 DOD
ACC-24 IV 20 Yes Yes Yes 5 DOD
ACC-25§ IV 4.5 No Yes Yes 23 DOD
ACC-28 IV 15 Yes Yes Yes 4 DOD

ACA, adrenocortical adenoma; ACC, adrenocortical carcinoma; ANED, alive, no evidence of disease; AWED, alive with evidence of disease (metastasis); DOD, died of disease;
SDDS, stepwise discriminant diagnostic system.

* Henley DJ, van Heerden JA, Grant CS, et al. Adrenal cortical carcinoma: a continuing challenge. Surgery. 1983;94:926-931. The same staging criteria were applied to ACA in
terms of size and extra-adrenal extension.

† ACA misclassified as malignant by at least 1 system (SDDS classified them as benign).
‡ ACA with angioinvasion.
§ ACC classified as benign by SDDS.
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HHS (broad fibrous bands) and VSS (as part of the regressive
changes) have considered the desmoplastic reaction.1,3

Our discriminant study revealed no major diagnostic use-
fulness of local staging criteria. Defined by tumor cell nests
within the fibrous capsule,1-3 capsular invasion was present in
6% of ACAs and 69% of ACCs. However, capsular invasion
became more specific when invasion through the capsule was
required (Table 2). Vascular invasion was normally associated
with tumor capsule invasion, resulting in more specificity for
malignancy if the vascular invasion was demonstrated in
venous structures (2/78 ACAs and 12/32 ACCs).

SDDS defines ACNH by the absence of positive histolog-
ic features and, occasionally, some nuclear atypia. ACNH and
ACA have shown overlapping histopathologic features,12,13

especially for multinodular glands with a dominant nodule.25

The presence of a myxoid stromal reaction and anisokaryosis
(Image 1) help distinguish ACNH from ACA, and their pres-
ence strongly suggests ACA. It is normally associated with
dilated blood vessels, internal hemorrhage, edema, and atypical
nuclei.26 This reaction probably expresses a failure of the blood
vessel to support tumor growth as proven by its presence in the
biggest ACNH nodules, but only ACC has revealed a statistical-
ly significant increase of the vascular area.27 Alternatively,
perivascular stromal cells are key elements of epithelial cell
growth by secretion of stimulatory factors or lack of inhibitory
factors in endocrine gland nodules and tumors.28,29 The stromal
reaction has been previously evaluated as regressive changes
(including hemorrhage and fibrosis) in the VSS3 and as fibrous
bands in the HHS1; WS does not evaluate it.2 Atypical nuclei
have been demonstrated DNA aneuploid and positive with in
situ end labeling,26,30 suggesting they represent regressive
changes that help distinguish ACA from ACNH only.26,31 These
features have not been assessed in other systems.

There is no consensus on the evaluation of diagnostic
variables like MFC, capsular invasion, regressive changes,
stromal reaction, nuclear features, and local extension. These
differences suggest that pathologists should become familiar
with 1 or 2 diagnostic systems, especially for these relatively
rare adrenocortical lesions. Our results revealed SDDS as the
most specific, whereas the WS and VSS are the most sensitive
for malignancy. For tumor diagnosis, the most sensitive was
SDDS, and the WS, VSS, and SDDS were equally specific.
These results recommend using SDDS and either WS or VSS
when evaluating a potentially malignant adrenocortical lesion.
The WS and VSS were developed to differentiate benign from
malignant neoplasms, but they failed to distinguish ACNH
from ACA. For this distinction, SDDS provided the best
results, revealing only 7 ACAs (9%) misclassified as ACNH.
These misclassified ACAs revealed a polyclonal pattern by
human androgen receptor assay test in 6/7 females), regressive
kinetics (low proliferation/relatively high apoptosis), and atypi-
cal nuclear features (5/6 cases) (data not shown). These clonal

and kinetic patterns are more consistent with hyperplastic rather
than neoplastic conditions, as SDDS has classified,26 providing
additional biologic meaning to the SDDS classification.

How should these results be applied for the diagnosis of
adrenocortical lesions? We proposed the sequential application
of statistically significant criteria that appear in ❚Figure 3❚,
prioritizing by specificity.

MF/HPF variability is the most important malignancy cri-
terion for adrenocortical lesions, but a systematic evaluation

MF counting

High nuclear grade

Adjacent adrenal Tissue reaction

Anisokaryosis Anisokaryosis
Diffuse growth

pattern

Yes

Yes

Hyperplastic– Desmoplastic
Myxoid

Hyperplastic+

Yes YesNo No No

No

ACC

ACC

ACA ACNH

ACNH

ACA ACC

SDMF/HPF ≤0.2
≤2 MF/50 HPF

SDMF/HPF >0.3
>5 MF/50 HPF

0.2 < SDMF/HPF ≤0.3
2-5 MF/50 HPF

❚Figure 3❚ Diagnostic algorithm proposed for the histologic
diagnosis of adrenal cortical proliferative lesions. (1) Lesions
showing a mitotic figure (MF) count >5 MF/50 high-power
fields (HPF) or an SDMF/HPF >0.3 normally correspond to
adrenocortical carcinoma (ACC) and are always associated
with other malignancy criteria (such as high nuclear grade,
high nuclear variability, or desmoplastic response). (2) The
pattern of the adjacent adrenal cortex has application only in
low proliferating lesions (<2 MF/50 HPF; SDMF/HPF <0.2) 
in 2 circumstances: atrophic features can be related to
functional suppression due to glucocorticoid-producing
neoplasms, whereas hyperplastic features define
adrenocortical nodular hyperplasia (ACNH). (3) Lesions
revealing intermediate proliferation (2-5 MF/50 HPF; SDMF/HPF

0.2-0.3) require a more detailed analysis. Lesions showing
high nuclear grade, diffuse growth pattern, and desmoplastic
stromal response would be ACC. Lesions characterized by
low nuclear grade, a nondiffuse growth pattern, and myxoid
stromal reactions should be considered adrenocortical
adenoma (ACA). The presence of high nuclear grade or
anisokaryosis would be consistent with ACA only if not
associated with diffuse growth pattern and desmoplastic
reaction. Finally, lesions showing low nuclear grade and no
anisokaryosis should be regarded as ACNH.
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of multiple histologic parameters is required for accuracy. At
least 2 diagnostic systems should be used to corroborate a
malignant diagnosis: SDDS is the most specific, whereas WS
and VSS are the most sensitive. SDDS is the most useful sys-
tem to distinguish tumors from ACNH based on the analysis
of myxoid stromal reaction and anisokaryosis.
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Aims: The diagnosis of follicular thyroid carcinomas is
mainly based on capsular and vascular invasion. The
aim of this study was to determine the diagnostic
relevance of nuclear features, inflammation and stro-
mal changes.
Methods and results: Anisokaryosis, chromatin pat-
tern, nucleolus, nuclear pleomorphism, nuclear ⁄ cyto-
plasmic ratio, necrosis, stromal changes and tumour
interstitial lymphocytes (TIL) were analysed in adeno-
matous hyperplastic nodules (39), adenomas (43) and
carcinomas (28 minimally invasive, 48 widely invasive
and 27 anaplastic). Ki67 immunostaining, in situ end
labelling (ISEL) for apoptosis and the Ki67 ⁄ ISEL index
were analysed by topographical compartments. Vari-
ables were compared by histological diagnosis using
Fisher’s exact test, analysis of variance and Student’s
t-tests and considered significant if P < 0.05. TIL were

absent in 96% of neoplasms and 54% of adenomatous
hyperplastic nodules. Conspicuous nucleoli, increased
nuclear–cytoplasmic ratio and coexistent apoptosis–
myxoid changes distinguished minimally invasive
carcinomas from adenomas. The most specific variables
of high-grade carcinoma were vasculonecrotic pat-
terns, nuclear hyperchromatism and pleomorphism. A
kinetic advantage predominated in the internal com-
partments of benign lesions and in the peripheral
compartments of malignant lesions.
Conclusions: Follicular carcinomas show up-regulation
of proliferation markers and the distinctive topograph-
ical kinetic profiles provide a basis for the distinction
between benign and malignant and an explanation
for the circumscription and encapsulation of benign
lesions.

Keywords: anaplastic carcinoma, follicular adenoma, follicular carcinoma, growth patterns, inflammation, nuclear
features, thyroid

Abbreviations: ATC, anaplastic thyroid carcinoma; FTA, follicular thyroid adenoma; FTC, follicular thyroid
carcinoma; FTHN, follicular thyroid hyperplastic nodule; IC, internal compartment; ISEL, in situ end labelling;
N ⁄ C, nuclear–cytoplasmic; PC, peripheral compartment; TIL, tumour interstitial lymphocytes

Introduction

One recurring question in endocrine pathology is how
to differentiate hyperplasia from neoplasia. The

increase in cell number in hyperplasia is controlled
by a specific stimulus (such as over-secretion of trophic
hormone), the growth rate being positively correlated
with the intensity of the stimulus, while spontaneous
proliferation characterizes benign neoplasms. Often
subtle morphological criteria differentiate benign from
malignant neoplasms.1

The diagnosis of follicular carcinoma is based purely
upon architectural features: full-thickness capsular
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invasion and ⁄ or vascular invasion. It has been shown
that both cancer over- and underdiagnosis are frequent
errors; one reason for this may be inappropriate
application of these diagnostic criteria.2,3 Their appli-
cation is based on personal experience, which has the
potential to lead to disagreement between pathologists,
in particular in the interpretation of microfollicles
intimately related to capillaries within the tumour
capsule. Reliable morphological criteria to allow the
distinction between hyperplastic and neoplastic lesions
are lacking. To reduce this problem in controversial
cases, it would be necessary to provide more explicit
and categorized diagnostic criteria, complemented by
cell kinetic features to support any prognostically
relevant classification of thyroid carcinoma.4

Tumours can be divided into two topographical
compartments (superficial ⁄ deep in luminal organs,
equivalent to internal ⁄ peripheral in solid organs,
Figure 1) with different cell kinetic and genetic pro-
files,5–7 but such an approach has not been applied to
follicular thyroid lesions. Superficial ⁄ internal compart-
ments are predominantly proliferative with a lower
incidence of genetic abnormalities, while in deep ⁄ per-
ipheral compartments invasion predominates and cells
accumulate more genetic alterations. In general, pro-
liferation and active infiltration should not be expected
to occur simultaneously in the same topographical
compartment, which may, in part, explain capsule
development in neoplasms of solid organs.

This study aimed to analyse histological features
critically to develop a systematic diagnostic approach
to follicular thyroid lesions and to characterize their
cellular and kinetic features by topographical compart-
ments.

Materials and methods

case selection and sampling

All surgical resection specimens were routinely fixed
and processed for histological diagnosis, sampling
either the whole capsule (encapsulated neoplasms)
or a minimum of 12 blocks. Consecutive follicular
thyroid lesions were selected and classified using
standard criteria,3,8 including adenomatous hyper-
plastic nodules [follicular thyroid hyperplastic nodules
(FTHN), 39], adenomas [follicular thyroid adenomas
(FTA), 43], carcinomas [follicular thyroid carcinomas
(FTC), 76] [28 minimally invasive (MI) and 48
widely invasive (WI)] and anaplastic carcinomas
[anaplastic thyroid carcinoma (ATC), 27]. FTHN
and ATC were included as benign and malignant
controls for the histological and kinetic analyses.
Additionally, none of the cases showed any histolog-
ical evidence of papillary carcinoma and were neg-
ative for RET-PTC fusion genes (1–3) and B-RAF
mutations (V600).

The morphological definition of FTHN took into
account nodule size, pattern of distribution and archi-
tectural pattern.9,10 The nodules were not encapsula-
ted, compressed the adjacent thyroid and revealed
variably sized follicles, along with occasional clusters of
follicular cells. Cellular hypertrophy and nuclear pleo-
morphism may be seen in some nodules.

histological evaluation

Three independent observers systematically reviewed
all histological slides. In case of disagreement, the
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lesions were discussed and a final consensus categor-
ization achieved. Reproducibility data were not recor-
ded. The histological features included:

1 Pattern of the adjacent gland, considered as atrophic
(architectural disarray in a small gland), hyperplastic
(opposite features), or normal.

1 

2 

3 

Figure 2. Architectural patterns in follicular thyroid neoplasms. The two predominant patterns were independently scored, considering macro- ⁄
microfollicular (follicles of variable size, pattern 1), trabecular-nested (variably thick trabeculae or small solid nests, pattern 2), solid-insular (cell

sheets with no defined structure or endothelialized cell groups, pattern 3) and solid-pleomorphic ⁄ vasculo-necrotic (solid plus pleomorphic cells or

necrosis of tumour cells and blood vessels, pattern 4). A global score from 2 to 8 was then obtained for each neoplasm. Haematoxylin and eosin.
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2 Presence of necrosis, extension and blood vessel
involvement.
3 The two predominant tumour growth patterns were
recorded and scored 1 (macro-microfollicular), 2 (tra-

becular-nested), 3 (solid-insular) or 4 (solid-pleomor-
phic ⁄ vasculo-necrotic) (Figure 2).
4 Tissue reaction, either fibroblastic (homogeneous
hyaline) or myxoid (basophilic loose) and its exten-
sion.
5 Inflammation type (neutrophilic ⁄ lymphocytic ⁄ histio-
cytic) and grade (mild ⁄ severe), separately considered in
both tumour and surrounding gland.
6 Tumour capsule invasion, defined by tumour cell
infiltration through the capsule.

Table 2. Growth patterns in follicular thyroid proliferative
lesions

FTHN FTA

Minimally
invasive
FTC

Widely
invasive
FTC ATC

Primary growth pattern
1 Macro-microfollicular 39 43 22 18 0

2 Trabecular-nested 0 0 6 16 0

3 Solid-insular 0 0 0 18 0

4 Solid-pleomorphic ⁄
vasculonecrotic

0 0 0 0 27

Secondary growth pattern
1 Macro-microfollicular 34 35 16 26 4

2 Trabecular-nested 5 8 12 8 2

3 Solid-insular 0 0 0 14 2

4 Solid-pleomorphic ⁄
vasculonecrotic

0 0 0 0 19

FTHN, Follicular thyroid hyperplastic nodule; FTA, follicular
thyroid adenoma; FTC, follicular thyroid carcinoma; ATC, ana-
plastic thyroid carcinoma.

4 

Figure 2. (Continued).

Table 1. Standard invasion criteria in follicular thyroid car-
cinomas (FTC)

Minimally
invasive
FTC, no. (%)

Widely
invasive
FTC, no. (%)

ATC,
no. (%)

Capsular invasion
Multifocal 14 (50) – –

Unifocal 14 (50) – –

Vascular invasion
Capsular 10 (36) – –

Extraglandular 0 (0) 6 (13) 14 (52)

Intraglandular 14 (50) 20 (42) 27 (100)

Capillaries 18 (64) 12 (25) 27 (100)

Venules 4 (14) 20 (42) 14 (52)

Lymph node
metastasis

1 (3) 5 (10) 0 (0)

This vascular invasion pattern was significantly different com-
paring all carcinomas (P < 0.0001), anaplastic thyroid carcin-
oma(ATC)versuswidely invasiveFTC(P ¼ 0.0014)andwidely
versus minimally invasive FTC (P ¼ 0.0003). The type of
involved blood vessels revealed statistically significant differ-
ences for the distinction widely versus minimally invasive
FTC (P ¼ 0.0206). Lymph node metastases were present in
FTC revealing oncocytic differentiation or insular graowth
pattern.

Follicular thyroid neoplasms 753

� 2007 The Authors. Journal compilation � 2007 Blackwell Publishing Ltd, Histopathology, 50, 750–763.



Table 3. Histological features of follicular thyroid neoplasms

FTA MI-FTC WI-FTC ATC
FTA versus
MI-FTC

MI-FTC versus
WI-FTC

WI-FTC
versus ATC

Anisokaryosis NS 0.00241 0.00625
£ 3 ⁄ 1 35 22 16 0

> 3 ⁄ 1 8 6 32 27

Chromatin NS* 0.00504 0.00022
Regular 43 22 15 0

Granular 0 4 13 2

Heterochromatic 0 2 20 25

Nucleolus 0.01752 NS 0.04379
Inconspicuous 4 12 26 25

Conspicuous 39 16 22 2

Nuclear pleomorphism NS* 0.01237 0.00030
Slight 43 24 30 0

Marked 0 4 18 27

Nuclear–cytoplasmic ratio 0.04912 0.02083 0.01507
Normal 39 18 16 0

Increased 4 10 32 27

Nuclear grade, high grade NS NS < 0.00001
< 5 43 28 46 0

‡ 5 0 0 2 27

Nuclear grade, low grade 0.00157 0.00122 NS
£ 3 35 16 0 0

> 3 8 12 48 27

Necrosis NS 0.00333 0.00106
None 23 18 8 2

Apoptosis 20 6 32 10

Oncosis 0 4 8 15

Stromal reaction NS < 0.00001 0.00583
None 8 6 6 4

Myxoid 35 20 0 0

Broad fibrous bands 0 2 42 23

Myxoid stroma and apoptosis 0.01499 NS NS
Absent 23 26 45 26

Present 20 2 3 1

Inflammation NS NS NS
Absent 41 24 42 25

Present 2 4 6 2
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7 Vascular invasion (intravascular presence of atypical
tumour cells adherent to the wall of endothelialized
lumens located at the tumour periphery), type of
vessels involved (with or without smooth muscle) and
their location (capsular ⁄ extracapsular).
8 Perineural invasion (presence of atypical tumour
cells surrounding nerve fibres).
9 Cytoplasmic features included staining (eosinophilic,
basophilic and clear), appearance (homogeneous,
foamy and granular) and the presence of sharp
eosinophilic globules. The presence of cytoplasmic
pigment (lipofuchsin ⁄ melanin) and special features
(oncocytic differentiation, sarcomatoid features) were
recorded.
10 Nuclear features were independently analysed as
reported,11,12 including anisokaryosis (‡ 3 : 1), pleo-
morphism (in > 50% cells), chromatin distribution and
presence of prominent nucleolus ⁄ i in > 50% of prolif-
erating cells.
11 N ⁄ C (nuclear–cytoplasmic) ratio (low ⁄ high) com-
pared with that of follicular cells in the surrounding
gland.
12 Presence of bi- or multinucleated cells and nuclear
pseudoinclusions.

proliferation assessment by k i - 6 7

immunoexpression

The sections were mounted on positively charged
slides (Superfrost Plus; Fisher Scientific, Fair Lawn,
NJ, USA), baked at 60�C for 2 h and processed as
described previously.6,7,13 After routine dewaxing
and rehydration, endogenous peroxidase quenching
and antigen heat retrieval, the slides were transferred
to a moist chamber. Non-specific binding was blocked
with polyclonal horse serum and sections incubated
with MIB-1 monoclonal primary antibody (Dako,
Carpinteria, CA, USA; 4 lg ⁄ ml, overnight, 4�C). Then
sections were serially incubated with biotinyl-
ated antimouse antibody and peroxidase-labelled

Table 3. (Continued)

FTA MI-FTC WI-FTC ATC
FTA versus
MI-FTC

MI-FTC versus
WI-FTC

WI-FTC
versus ATC

Global pattern score 0.01029 0.00071 < 0.00001
< 3 35 18 6 0

3–5 8 10 40 0

‡ 5 0 0 2 27

FTA, Follicular thyroid adenoma; MI-FTC, minimally invasive follicular thyroid carcinoma; WI-FTC, widely invasive follicular
thyroid carcinoma; ATC, anaplastic thyroid carcinoma.

<3 

3–5 

>5 

Figure 3. Using the most specific features for malignancy diagnosis

a nuclear grade was derived (hyperchromatism + pleomorphism +

½ anisokaryosis + ½ high nuclear–cytoplasmic ratio), scoring each

variable 2 if present and 1 if absent. This nuclear grade was demon-

strated to be useful for the distinction of anaplastic thyroid carcinoma

versus widely invasive follicular thyroid carcinoma (threshold 5) and to

differentiate non-anaplastic follicular lesions (threshold 3) (Table 2).
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avidin–biotin complex. The reaction was developed
under microscopic control, using 3,3¢-diaminobenzi-
dine tetrahydrochloride with 0.3% H2O2 as chromo-
gen (Sigma Co., St Louis, MO, USA) and the
sections counterstained with haematoxylin. Both pos-
itive (reactive lymph node) and negative (omitting the
primary antibody) controls were run simultaneously.

apoptosis detection by in situ end labell ing

Apoptosis DNA fragmentation was detected by in situ
end labelling (ISEL).6,7,13,14 After routine dewaxing
and hydration, the sections were incubated in 2·
standard saline citrate (20 min at 80�C) and digested
with pronase (500 lg ⁄ ml, 25 min, room temperature)
in a moist chamber.

DNA fragments were labelled on 5¢-protruding ter-
mini by incubating the sections with the Klenow

fragment of Escherichia coli DNA polymerase I
(20 U ⁄ ml in 50 mmol ⁄ l Tris–HCl, pH 7.5, 10 mmol ⁄ l
MgCl2, 1 mmol ⁄ l dithiothreitol, 250 lg ⁄ ml bovine
serum albumin, 5 lm of each 2’-deoxyadenosine 5’-
triphosphate (dATP), 2’-deoxycytidine 5’-triphosphate
(dCTP), 2’-deoxyguanosine 5’-triphosphate (dGTP), as
well as 3.25 lmol ⁄ l 2’-deoxythymidine 5’-triphosphate
(dTTP) and 1.75 lmol ⁄ l 11-digoxigenin-2’-deoxyuri-
dine 5’-triphosphate (dUTP), at 37 �C in a moist
chamber. The incorporated digoxigenin-deoxyuridin-
monophosphates (digoxigenin-dUMPs) were immuno-
enzymatically detected by using antidigoxigenin Fab
fragments labelled with alkaline phosphatase (7.5 U ⁄ ml,
in 100 mmol ⁄ l Tris–HCl, pH 7.6, 150 mmol ⁄ l NaCl,
1% bovine serum albumin) for 4 h at room temperature.
The reactions were developed with the mixture nitroblue
tetrazolium-X phosphate in 100 mmol ⁄ l Tris–HCl
(pH 9.5) and 100 mmol ⁄ l NaCl, 50 mmol ⁄ l MgCl2

a b 

c d 

Figure 4. Inflammatory infiltrate in follicular thyroid proliferative lesions. Interstitial lymphocytes were more frequently observed in follicular

thyroid hyperplastic nodules (a,b) and revealed a B-cell phenotype (CD20+, c, ABC-peroxidase) than in follicular thyroid adenoma (d, H&E),

where they were present in the peritumoral parenchyma.
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under microscopic control. Appropriate controls were
simultaneously run, including positive (reactive lymph
node), negative (same conditions omitting DNA poly-
merase I), and enzymatic (DNase I prelabelling diges-
tion). The enzymatic controls were used to establish
reliably the positivity threshold in each sample.

quantif ication of posit ive nuclei and

statistical analysis

At least 50 high-power fields (7.6 mm2) were screened
in each pathological group, beginning in the most
cellular area. The number of positive nuclei was
expressed per 1000 tumour cells and the average and
standard deviation (SD) calculated in each pathological
condition, topographical compartment and patient as
described.5–7,13,14 The positivity threshold was experi-
mentally established from the positive control in each
staining batch. Only nuclei with staining features
similar to those of their corresponding positive control
were considered positive for any marker.

Results were compared by diagnostic groups using
Pearson’s v2 test (with Yates’ correction if necessary)
and Fisher’s exact test for qualitative variables and
Student’s t-test (if normal distribution) and analysis of
variance (anova, if non-parametric distribution) for
quantitative variables. Normal distribution was previ-
ously tested by the Kolmogorov–Smirnoff test. The
results were considered statistically significant if
P < 0.05 in two-tailed distributions. Specificity, sen-
sitivity and predictive values for both positive and
negative tests were calculated for: (i) high-grade
neoplasms (ATC and WI-FTC) versus low-grade neo-
plasms (MI-FTC and FTA); (ii) ATC versus WI- FTC; and
(iii) MI-FTC versus FTA.

Results

At the last review, 24 patients with MI-FTC (86%)
and 10 patients with WI-FTC (21%) remained disease
free; the survival for patients with ATC was 20.6 ±

11.5 months. No patient with a benign diagnosis died
of disease. The median follow-up of 30 survivors was
233.5 months; 64 patients died of carcinoma (one
minimally invasive carcinoma, 36 widely invasive
carcinomas and all cases of ATC).

histological evaluation, sensit iv ity and

specif ic ity

The record of invasive features in this FTC series appears
in Table 1. Primary and secondary growth patterns
were macro-microfollicular for FTHN, FTA, MI-FTC and
WI-FTC, and solid-vasculonecrotic for ATC (Table 2);
the global pattern score demonstrated statistically
significant differences when categorized in three groups
(< 3, 3–5, ‡ 5) (Table 3). The nuclear features showed
progressive abnormalities, which helped to distinguish
diagnostic groups even after assessing them independ-
ently (Table 3, Figure 3). Oncocytic differentiation was
observed in 10 FTC (six minimally invasive and four
widely invasive) and six FTA; no hyalinizing trabecular
neoplasms were identified.

Lymphocytic inflammation (Figure 4) was observed
in 19 cases of adenomatous FTHN (49%), within the
peritumoral parenchyma in 64 cases (44%) and in the
neoplastic interstitium in six cases (4%); these results
demonstrate statistically significant differences between
FTHN and neoplasms (P < 0.0001). Adenomatous
FTNH, as defined in the selection criteria, was dis-
tinguished from FTA by the presence of inflammation
and the absence of myxo-oedematous stromal changes
(focally present in only one FTNH).

Most histological features revealed statistically signi-
ficant differences for the benign–malignant distinction
(Table 3), especially when high-grade FTCs were
included. High-grade FTCs were characterized by
prominent anisokaryosis, gross heterochromatin, con-
spicuous nucleoli, marked nuclear pleomorphism and
high N ⁄ C ratio (Table 3). Both a fibroblastic tissue
reaction and necrosis were mainly observed in high-
grade FTC, necrosis involving simultaneously tumour

Figure 5. To generate this algorithm, histological variables were hierarchically introduced (specificity first) and all diagnostic categories were

required to be defined by at least three cytoarchitectural features. The numbers close to each variable represent the probability of not finding it in

the corresponding diagnostic group; the mathematical value represents the predicted probability of not being in a given diagnostic group when

all the features are met. The final diagnostic accuracy is provided in the final line.The algorithm has two main arms, first for tumours without

broad fibrous bands—we would expect most of these to be follicular thyroid adenomas and minimally invasive follicular thyroid carcinomas

(FTCs). Coexistent myxoid stroma and apoptosis were highly sensitive for follicular adenoma. In the low-grade group, prominent nucleoli and

increased nuclear–cytoplasmic ratio were the most specific variables in distinguishing between minimally invasive carcinoma and adenoma.To

diagnose high-grade FTC, the most specific feature is the presence of broad fibrous bands, while necrosis is the most specific variable in the

distinction of widely invasive FTC vs. anaplastic thyroid carcinoma. This was confluent necrosis, involving both tumour cells and blood vessels.

Nuclear pleomorphism and hyperchromatism were less specific but still relevant in distinguishing between widely invasive and anaplastic: the

diagnosis of anaplastic carcinoma should not be made in its absence, as defined in this study by irregularity of the nuclear outline.
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cells and blood vessels in ATC. Myxoid stromal reac-
tion was observed only in FTA and MI-FTC, coexisting
with apoptotic follicular cells in FTA (Table 3). Inter-
stitial lymphocytes were absent in 140 ⁄ 146 (96%)
neoplasms, regardless of histological subtype, and
no statistically significant differences were observed
between neoplasms.

Minimally invasive carcinomas were distinguished
from adenomas by conspicuous nucleoli (P ¼ 0.0175)
and increased N ⁄ C ratio (P ¼ 0.0491), whereas the
coexistence of apoptosis and myxoid stroma was the
only positive finding characterizing FTA (P ¼ 0.0150).
The most specific variables of high-grade carcinoma
were the presence of coagulative necrosis, hyperchro-
matic nuclei and nuclear pleomorphism.

Sensitivity and specificity results (Table 4) were
readily applicable in a step-wise cytoarchitectural
diagnostic system for follicular thyroid neoplasms
(Figure 5). Using the most specific features for the
diagnosis of malignancy, nuclear grade was also
determined (Figure 3, Table 3).

cell kinetics by topographical compartments

Variable levels of proliferation and apoptosis markers
were observed in peripheral (PC) and internal com-
partments (IC) (Table 5, Figure 6), with statistically
significant results for Ki67 ⁄ ISEL in the FTA and well-
differentiated WI-FTC and when all the benign (ICs) or
malignant (PCs) lesions were grouped together. Topo-
graphically, the Ki67 ⁄ ISEL indices revealed a predom-
inant kinetic advantage in the ICs of benign lesions and
in the PCs of malignant lesions (Table 5). These results

were due to the statistically significant decrease in ISEL
indices in the IC in adenomas (5.3 ± 7.8% versus
1.3 ± 2.4%; P ¼ 0.0213) and in the PCs in carcin-
omas (1.4 ± 1.7% versus 2.3 ± 5.5%; P ¼ 0.0474).

Benign lesions (FTHN and FTA) and low-grade
malignancies (MI-FTC) showed higher rates of apopto-
sis in PCs compared with ICs, while high-grade
malignancies (WI-FTC, ATC) revealed the inverse
relationship (Table 5).

Discussion

The step-wise cytoarchitectural system developed here
helps to classify follicular thyroid lesions, improves the
classification reliability and correlates with the topo-
graphical kinetic features. Prominent nuclear altera-
tions, necrosis and a fibroblastic tissue reaction
characterize high-grade FTC, while a myxo-oedemat-
ous stromal reaction and apoptotic follicular cells
correlate with low-grade follicular neoplasms. A sys-
tematic evaluation of growth patterns significantly
improves accuracy. The kinetic profile provides a basis
for separating benign from malignant lesions and an
explanation as to why benign lesions are well cir-
cumscribed and encapsulated. A minimal interstitial
lymphocytic infiltrate characterizes follicular thyroid
neoplasms and helps to distinguish them from hyper-
plastic nodules.

For the first time, this study provides a detailed
evaluation of cytoarchitectural features for grading ⁄
classifying follicular thyroid neoplasms and the corres-
ponding diagnostic probability resulting from such a
step-wise evaluation system (Figure 5). Currently, the

Table 5. Ki67 and ISEL indices by topographical compartments in follicular thyroid proliferative lesions

Peripheral compartment Internal compartment

Ki67 (%)
Av ± SD

ISEL (%)
Av ± SD Significance

Ki67 ⁄ ISEL
index (%)

Ki67 (%)
Av ± SD

ISEL (%)
Av ± SD Significance

Ki67 ⁄ ISEL
index (%)

Benign 5.1 ± 7.2 4.7 ± 3.4 NS 1.1 ± 1.5 6.3 ± 6.6 1.8 ± 4.1 P ¼ 0.0015 3.5 ± 3.7

FTHN 5.5 ± 4.4 4.6 ± 5.9 NS 1.2 ± 0.9 8.8 ± 11.9 3.1 ± 7 NS 2.8 ± 3.8

FTA 4.9 ± 3.5 5.3 ± 7.8 P ¼ 0.046 0.9 ± 0.7 6.8 ± 7.5 1.3 ± 2.4 P ¼ 0.013 5.2 ± 5.8

Malignant 12.0 ± 50.6 3.8 ± 7.4 P ¼ 0.019 3.2 ± 13.3 8.6 ± 1.5 2.4 ± 6.1 NS 3.6 ± 0.6

MI-FTC 8.6 ± 13 5.8 ± 12 NS 1.5 ± 2.2 2.9 ± 3 4.3 ± 10 NS 0.7 ± 0.7

WI-FTC 7.6 ± 8.8 1.4 ± 1.7 P ¼ 0.003 5.4 ± 6.3 3.5 ± 4.8 2.3 ± 5.5 NS 1.5 ± 2.1

ATC 53 ± 50 9 ± 15 P ¼ 0.029 5.9 ± 5.6 36 ± 32 1 ± 1 NS 36.0 ± 32.0

ISEL, In situ end labelling; FTHN, follicular thyroid hyperplastic nodule; FTA, follicular thyroid adenoma; MI-FTC, minimally
invasive follicular thyroid carcinoma; WI-FTC, widely invasive follicular thyroid carcinoma; ATC, anaplastic thyroid carcinoma.
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diagnosis of follicular thyroid lesions relies on the
pathologist’s experience;15 in particular, this is true of
the assessment of capsular and vascular invasion in
encapsulated neoplasms,2 with the diagnosis of malig-
nancy being based mainly on the evidence of infiltration
and vascular invasion. This has resulted in two prognos-
tic categories: encapsulated (minimally invasive) and
non-encapsulated (widely invasive) neoplasms, with
different metastatic risk (higher rates for tumours
with evidence of vascular invasion than for those with
capsular invasion only).16 However, accurate diagnosis
may also be required when a limited amount of tissue is
available; in this situation alternative criteria must be
applied, which must still be reliable and precise.17

Nuclear features have been previously evaluated in
cytological material, but are significant only with the
use of computer-assisted karyometric or densitometric
analyses,18–20 or measuring the nucleolar area.21 Such
techniques are not always available for routine diagnosis.

Our step-wise application of diagnostic criteria based
on their specificity gives an overall diagnostic accuracy
99.9% when tested against the current diagnostic
criteria and is mainly based on tumour invasiveness,
the presence of broad fibrous bands, necrosis, tumour
growth pattern and nuclear grading (hyperchroma-
tism, pleomorphism, anisokaryosis and N ⁄ C ratio).
Broad fibrous bands and necrosis are key variables in
the assessment of malignancy in parathyroid and
adrenocortical neoplasms,22–25 but they have not been
emphasized for high-grade FTC diagnosis (including
ATC). They reflect invasive capacity and high cellular
turnover, which result in specific growth patterns,
solid-pleomorphic and vasculo-necrotic, the latter with
necrosis involving tumour cells and blood vessels
simultaneously, as reported in glioblastoma multi-
forme.26,27 Pattern analysis in neoplasms should be
considered equivalent to grading and has been suc-
cessfully used in heterogeneous neoplasms such as

Ki-67 

a 

c 

b 

d 

Ki-67 

ISEL ISEL 

Figure 6. Ki67 and in situ end labelling (ISEL) in benign (a,c) and malignant (b,d) follicular thyroid neoplasms. Both increased proliferation and

decreased apoptosis characterize malignancies (right panels), as demonstrated by Ki67 immunohistochemistry and ISEL.
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prostatic adenocarcinoma,28 but has not been exten-
sively applied to other neoplasms.

Nuclear features (prominent nucleoli and high N ⁄ C
ratio for low-grade carcinomas and hyperchromatism
and nuclear pleomorphism for high-grade carcinomas)
directly reflect neoplastic kinetic features.29 The kinetic
profile provides a basis to separate benign from malig-
nant lesions and an explanation as to why benign
lesions are well circumscribed and encapsulated.
Inverse proliferation ⁄ apoptosis correlations character-
ized benign and malignant tumours, a kinetic advant-
age predominating in ICs of benign lesions and in PCs
of malignant lesions. Benign lesions demonstrated an
inverse proliferation–apoptosis correlation (increasing
apoptosis and decreasing proliferation) in the PCs and
a direct correlation in ICs. The opposite profile was
observed in carcinomas, confirming the kinetic equiv-
alency between superficial ⁄ internal and deep ⁄ periph-
eral compartments of neoplasms from luminal and solid
organs.5–7 Cell kinetics (proliferation and apoptosis)
represents the basic mechanism leading to clonal
expansion and tumour growth29–34 and contributes
to the theory of tumour cell topographical seg-
regation.5–7,13,14 High proliferation rates in ICs of FTA
and FTHN support this theory. For fibrosis to occur, cells
need to be in a quiescent ⁄ stable phase to create little
pressure, but the excess proliferation would increase the
pressure towards the tumour periphery. This high
pushing force fragments the fragile fibres, interfering
with capsule formation. This may explain why high-
grade tumours show no capsule, while the lower
proliferation rates at the periphery of FTA would result
in a reduced pushing force encouraging capsule forma-
tion. High rates of apoptosis induce fibrosis and release
factors that aid capsule formation. Both these features
therefore play a role in the formation and integrity of
the capsule.

High-grade neoplasms show high apoptotic indices,
which should be the result of the accumulation
of genetic mutations reaching lethal levels for the
cell.31–33 Follicular tumour progression correlates with
up-regulation of proliferation and relative down-regu-
lation of apoptosis in PCs, suggesting survival and
replication of genetically damaged cells leading to the
accumulation of genetic mutations:5–7,13,14 high cell
proliferation would transfer mutations to daughter
cells, while reduced apoptosis would allow cells carry-
ing mutations to complete the cell cycle.

Adenomatous FTHN essentially showed FTA cyto-
architectural features, but revealed a significant
increase in interstitial lymphocytes. Tumour-infiltra-
ting lymphocytes were present in a small proportion of
neoplasms, suggesting a down-regulated inflammatory

reaction that correlates with the relatively poor HLA-
DR expression in FTC, in contrast to papillary carcin-
oma, in which HLA-DR expression co-exists with
CD45RO, a molecule recognizing memory cells.35,36 It
is also supported by the down-regulation of proinflam-
matory molecules in microarray assays.29,37 The most
useful findings differentiating FTHN from FTA were
the presence of interstitial lymphocytes (FTHN) and
myxoid changes (FTA).

In conclusion, cytoarchitectural features reliably
differentiate high-grade FTC (prominent nuclear alter-
ations, necrosis and fibroblastic tissue reaction) from
low-grade follicular neoplasms (myxo-oedematous stro-
mal reaction and apoptotic follicular cells), especially
after incorporating growth pattern analysis (scoring
the two predominant patterns). A minimal interstitial
lymphocytic infiltrate characterizes follicular thyroid
neoplasms and helps to distinguish them from FTHN.
The kinetic profile provides a basis for separating
benign from malignant lesions and an explanation as
to why benign lesions are well circumscribed and
encapsulated.
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OFD or a metaphyseal fibrous defect ⁄ non-ossifying
fibroma—the most likely diagnoses for tumour sited in
the cortical bone. A haematoxylin and eosin-stained
section of the needle core biopsy specimen showed the
characteristic features of a chondroblastoma, despite
the fact that the vast majority of chondroblastomas are
intramedullary epiphyseal neoplasms. Many of the
lesional cells were strongly and diffusely positive for
CKs (extensively positive for MNF116, AE1 ⁄ AE3,
CAM5.2, CK8 and CK18 and more focally positive for
CK19) (Figure 2).

Another diagnosis that should be considered in a
case of an unusual CK+ skeletal neoplasm is an extra-
axial chordoma ⁄ chordoma periphericum, a neoplasm
which also expresses CKs, specifically CK19.6 However,
our CK+ intracortical neoplasm was negative for
brachyury, a transcription factor which is crucial for
notochordal development. We have recently found this
molecule to be expressed in 100% of 52 axial chordo-
mas analysed and not in over 300 other tumours apart
from one intracortical tibial neoplasm.2,3 This brachy-
ury-positive extra-axial neoplasm exhibited character-
istic, although not typical, morphology and typical
immunohistochemistry (CK19, S100 and brachyury)
of a chordoma. However, as it was not sited in the
spinal column, we propose that it is more appropriate
to classify such a neoplasm as one showing noto-
chordal differentiation rather than a chordoma. Chord-
omas are considered to arise from notochordal
remnants and it is unlikely that ectopic notochordal
remnants account for the origin of this tumour.
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Kinetic topographical heterogeneity in
follicular thyroid neoplasms and growth
patterns

DOI: 10.1111/j.1365-2559.2007.02778.x

Sir: Several markers have been tried to help to dif-
ferentiate prognostically relevant subgroups of follicu-
lar thyroid neoplasms; one of the latest was recently
published in Histopathology.1 This paper highlights the
proliferation profiles (differences in MCM2 and Ki67
expression) and the topographical distribution of these
markers in follicular thyroid neoplasms diagnosed by
World Health Organization criteria.2 The immuno-
expression was scored on the basis of positive nuclei
staining homogeneously for MCM2 or Ki67 and
assessing tumour cells in the peripheral and central
part of each tumour. The authors reported no corre-
lation between MCM2 and Ki67 (Spearman’s correla-
tion coefficient r ¼ 0.149) and MCM2 expression
predominated in peripheral tumour cells in most of
the minimally invasive follicular thyroid carcinomas
(FTC), whereas it was diffuse with no apparent
topographical differences in many follicular thyroid
adenomas (FTA).1

I have topographically analysed the kinetic features
[proliferation by Ki67 index and apoptosis by in situ
end labelling (ISEL) or ISEL index] of follicular thyroid
neoplasms (43 FTA, 76 FTC—including 28 minimally
invasive and 48 widely invasive—and 27 anaplastic
carcinomas) and have obtained similar results. Apart
from the diagnostic applicability, these results provide
insight into the basis of the known architectural
patterns of thyroid tumours.

The Ki67⁄ ISEL indices provide kinetic advantage
in the internal compartments of benign lesions and
in the peripheral compartments of malignant lesions
(Table 1), due to the statistically significant decrease of
ISEL indices in internal compartments in adenomas
(5.3 ± 7.8% versus 1.3 ± 2.4%; P ¼ 0.0213) and in
peripheral compartments in carcinomas (1.4 ± 1.7%
versus 2.3 ± 5.5%; P ¼ 0.0474). Similarly, in the
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majority of minimally invasive FTCs, Mar et al. found
more MCM2+ cells in the peripheral invasive areas
compared with central areas; the MCM2+ cell rate
appeared to be similar to that of FTA.1 The results
suggest that tumour cells in the invasive areas of
minimally invasive FTC have increased proliferative
activity regardless of the presence of capsular invasion,
vascular invasion or both. In our series, benign lesions
(FTA) and low-grade malignancies (minimally invasive
FTC) showed higher rates of apoptosis in peripheral
compared with internal compartments, whereas high-
grade malignancies (widely invasive FTC and anaplas-
tic thyroid carcinomas) had the inverse relationship
(Table 1).

Tumours can be divided into two topographical
compartments (superficial and deep in luminal organs
equivalent to internal and peripheral in solid organs,
respectively) with different cell kinetic and genetic
profiles.3–5 Superficial ⁄ internal compartments are pre-
dominantly proliferative with a lower incidence of
genetic abnormalities, while in deep ⁄ peripheral com-
partments invasion predominates and cells accumulate
more genetic alterations. In general, proliferation and
active infiltration would not be expected simulta-
neously in the same topographical compartment,
which may in part explain capsule development in
solid organ neoplasms. The kinetic profile provides a
basis for disciminating benign from malignant lesions
and an explanation of why benign lesions are well
circumscribed and encapsulated. Inverse and oppo-
site proliferation ⁄ apoptosis correlations characterize
benign and malignant tumours, the kinetic advantage
predominating in internal compartments of benign
lesions and in peripheral compartments of malignant
lesions. Benign lesions demonstrate an inverse prolif-
eration–apoptosis correlation (increasing apoptosis and
decreasing proliferation) in the peripheral compart-
ments and a direct correlation in internal compart-

ments. The opposite profile is seen in carcinomas,
confirming the kinetic equivalence of superficial–inter-
nal and deep–peripheral compartments of neoplasms
from luminal and solid organs.3–5 Cell kinetics (prolif-
eration and apoptosis) represent the basic mechanism
leading to clonal expansion and tumour growth6–11

and contribute to the theory of tumour cell topograph-
ical segregation.3–5,12,13 High proliferation rates in
internal compartments of FTA support this theory.
Significantly higher apoptosis rates in peripheral than
in internal compartments of benign lesions suggest the
accumulation of genetic mutations.

Benign lesions (FTA) and low-grade malignancies
(minimally invasive FTC) show higher rates of apopto-
sis in peripheral compared with internal compart-
ments, whereas high-grade malignancies (widely
invasive FTC and anaplastic thyroid carcinoma) reveal
the inverse relationship. Whether this indicates pro-
gression of the peripheral tumour cells in high-grade
follicular neoplasms remains to be determined. How-
ever, evidence can be found in urothelial carcinoma of
the bladder and adrenal pheochromocytoma.3–5 High-
grade neoplasms show high rates of apoptosis, which
should be the result of the accumulation of genetic
mutations reaching levels lethal to cells.7–9 Follicular
tumour progression correlates with up-regulation of
proliferation and down-regulation of apoptosis in
peripheral compartments and suggests survival and
replication of genetically damaged cells leading to the
accumulation of genetic mutations:3–5,12,13 high cell
proliferation would transfer mutations to daughter
cells, whereas reduced apoptosis would allow cells
carrying mutations to complete the cell cycle.

In conclusion, differential cell kinetics in follicular
thyroid neoplasms contributes to a topographical
segregation of tumour cells and the growth
pattern (encapsulation and invasiveness at the tumour
periphery).

Table 1. Ki67 and ISEL indices by topographical compartments in follicular thyroid proliferative lesions

Peripheral compartment Internal compartment

Ki67 (%)
Av ± SD

ISEL (%)
Av ± SD

Ki67 ⁄ ISEL
index (%)

Ki67 (%)
Av ± SD

ISEL (%)
Av ± SD

Ki67 ⁄ ISEL
index (%)

FTA 4.9 ± 3.5 5.3 ± 7.8 0.9 ± 0.7 6.8 ± 7.5 1.3 ± 2.4 5.2 ± 5.8

MI-FTC 8.6 ± 13 5.8 ± 12 1.5 ± 2.2 2.9 ± 3 4.3 ± 10 0.7 ± 0.7

WI-FTC 7.6 ± 8.8 1.4 ± 1.7 5.4 ± 6.3 3.5 ± 4.8 2.3 ± 5.5 1.5 ± 2.1

ATC 53 ± 50 9 ± 15 5.9 ± 5.6 36 ± 32 1 ± 1 36.0 ± 32.0

FTA, Follicular thyroid adenoma; MI-FTC, minimally invasive follicular thyroid carcinoma; WI-FTC, widely invasive follicular
thyroid carcinoma; ATC, anaplastic thyroid carcinoma; ISEL, in situ end labelling; Av, average.
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Co-secretion of testosterone and cortisol
by a functional adrenocortical oncocytoma

DOI: 10.1111/j.1365-2559.2007.02780.x

Sir: Oncocytic adrenocortical neoplasms are rare and
most are non-functional.1 To date, we are aware of
only three cases of adrenocortical oncocytic tumours in
the English literature reported to have been hormonally

active.2–4 We describe a further case, which was found
to secrete testosterone and cortisol. Only one other
virilizing adrenal oncocytoma has been reported, and
in that case a documented increase in serum testoster-
one was not recorded.

A 58-year-old postmenopausal lady was referred to
the Diabetes Centre due to poor glycaemic control and
problematic hypertension despite maximal oral hypo-
glycaemic treatment and the use of two antihyperten-
sive agents. She was observed to have male pattern
hair loss and testosterone levels returned at 5.7 nmol ⁄ l
(normal range < 3). An adrenal source was suspected
as both androstenedione and dihydroepiandrostenedi-
one sulphate (DHEAS) [15.5 nmol ⁄ l (normal range
3–12) and 8.5 lmol ⁄ l (normal range 1–8.5), respec-
tively] were elevated. A computed tomography scan
revealed an 87 · 88 mm mass at the upper pole of the
right kidney arising from the body of the right adrenal
gland, which demonstrated homogeneous enhance-
ment following intravenous contrast. Preoperatively a
1-mg overnight low-dose dexamethasone suppression
test confirmed low-grade Cushing’s syndrome (baseline
cortisol 606 nmol ⁄ l, normal range 155–605 nmol ⁄ l;
post 1 mg dexamethasone cortisol 348 nmol ⁄ l, normal
value < 50 nmol ⁄ l). A right laparoscopic adrenalec-
tomy was performed and the patient commenced on
replacement hydrocortisone. Two weeks postopera-
tively serum DHEAS levels were unrecordable and
testosterone levels had fallen to 0.8 nmol ⁄ l. The
patient was treated with hydrocortisone postopera-
tively to avoid hypoadrenalism and this was reduced
and stopped over the next 4 months. The patient
remains well with no signs of recurrence. Her blood
pressure is now well controlled on two antihyperten-
sive agents, although the achievement of glycaemic
control has required the addition of insulin.

The resected specimen comprised a globular mass
measuring 90 mm in diameter and weighing 340 g. It
had an intact thin fibrous capsule. The tumour had a
uniform tan cut surface with small amounts of inter-
stitial haemorrhage (Figure 1). Residual normal adre-
nal gland was attached to one pole of the mass.
Histology showed the tumour to have a distinctive
oncocytic appearance, with sheets and trabeculae of
rounded cells with abundant granular eosinophilic
cytoplasm and regular round nuclei (Figure 2). Mitotic
figures were not identified and there was no tumour
necrosis or evidence of capsular or vascular invasion.
The adjacent adrenal gland was essentially normal.

Immunohistochemistry showed the tumour cells
to be positive for high-molecular-weight cytokera-
tin, synaptophysin, vimentin and melan A. The
cells were negative for epithelial membrane antigen,
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Abstract

 

Background/Objectives

 

Merkel cell carcinomas (MCC) reveal epithelial
and neuroendocrine differentiation, but its topographic cell kinetics remains
unknown. This study analyses proliferation, apoptosis, and DNA ploidy by
topography, features that can help planning therapeutic protocols. This study
topographically analyses proliferation, apoptosis, and DNA ploidy.

 

Methods

 

We selected 27 small-cell MCCs (expressing one epithelial and two
neural markers, with consistent ultrastructural findings) to evaluate mitotic
figure counting, Ki-67 index, apoptosis index based on the 

 

in situ

 

 end labelling
of fragmented DNA (using 

 

Escherichia coli

 

 DNA polymerase I, Klenow
fragment), DNA ploidy, and BCL2 and TP53 immuno-expression. At least 50
high-power fields were screened per topographic compartment (superficial or
papillary dermis, and deep or reticular dermis), recording average and standard
deviation for each variable. Variables were statistically compared in each
tumour compartment using analysis of variance and Student’s 

 

t

 

-test (significant
if 

 

P

 

 < 0.05).

 

Results

 

MCCs revealed superficial aneuploid DNA content, and no topographic
differences for proliferation markers. Apoptosis showed significantly lower
values in the deep compartment (average, 

 

P

 

 = 0.0050, and standard deviation,

 

P

 

 = 0.0074), correlating with increased BCL2 and TP53 immuno-expressions.

 

Conclusions

 

High homogeneously distributed proliferation and superficial
aneuploid DNA content defines MCCs. Apoptosis follows proliferation in
superficial compartments, being less variable and proliferation independent
in deep compartments, where it is inversely correlated with BCL2/TP53
expression.

 

Introduction

 

Cutaneous Merkel cell carcinomas (MCC) are unusual
neoplasms that reveal both epithelial and neuroendocrine
differentiation. MCCs usually present as a rapidly growing
painless nodule in sun-exposed areas of the head and
neck of elderly patients.

 

1

 

 They are highly aggressive
tumours with propensity toward locoregional recurrence
and distant metastasis.

Three cytological patterns have been described in MCCs
(small-cell variant, intermediate and large cell), which
have been extensively studied by immunohistochemical
and ultrastructural methods.

 

2–12

 

 The small-cell variant is
the most frequent subtype and has been related with the
poorest prognosis.

 

11

 

 High-grade neoplasms tend to be
heterogeneous and tumour heterogeneity is assumed to
correlate with the molecular progression as estimated
from the number of genetic abnormalities, advanced
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neoplasms accumulating more alterations. Heterogeneity
studies, however, have frequently overlooked the cell
topography. The presence of abnormal and unrelated
clones results in genetic heterogeneity, which should cor-
relate with the tumour cell topography, as demonstrated
in muscle-invasive transitional cell carcinomas of the
bladder.

 

13,14

 

 In addition, unique kinetic profiles have been
described in neoplasms, such as the inverse correlation
between proliferation and apoptosis segregating with
adrenal cortical adenomas in contrast to nodular hyper-
plasias; this profile closely correlates with the underlying
genetic abnormalities.

 

15,16

 

 Topographic tumour hetero-
geneity has also been correlated with the kinetic profile in
skin tumours with ductal differentiation, bladder trans-
itional cell carcinomas, and endocrine neoplasms.

 

13,14,17,18

 

This intratumour topographic heterogeneity might be
reflected on kinetic features, but no detailed analysis of
cell kinetics (proliferation and apoptosis) by topographic
compartments of kinetic features is available in MCC to
date. The knowledge of cell kinetic in these neoplasms can
also help in the selection of the therapeutic options.

The aim of this study is to characterize the kinetic fea-
tures of a homogeneous population of small-cell-type
MCCs by a detailed combined evaluation of proliferation,
apoptosis, DNA ploidy, and BCL2/TP53 expression by
topographic compartments, considering the correlation
between proliferation and apoptosis in both superficial
and deep compartments to assess any intratumour kinetic
heterogeneity.

 

Materials and methods

 

Case and sample selection

 

A total of 27 cases of small-cell-type MCC (1985–1999)
were retrieved from the pathology files of three reference
centres (University Hospital and School of Medicine,
Malaga, Spain; and ‘San Carlos’ University Hospital,
Madrid, Spain). Information taken from the records
included age, sex, and site of the tumour. Metastases from
internal malignancies were excluded by imaging techniques
in all cases. This protocol was approved by the Hospital
Research Board and Ethical Committee and complied
with their requirements.

Cell size was based primarily on appearance in
haematoxylin-and-eosin-stained sections. Tumour cells
had a diameter of 14 

 

µ

 

m or less (approximately twice the
size of mature lymphocytes), scant cytoplasm, and tended
to form sheets and trabeculae with little organoid growth
(fig. 1). Tumours composed of cells larger than 14 

 

µ

 

m
with more discernible and generally grey cytoplasms,
frequently revealing a more organoid growth pattern,
were excluded from this study (six cases). All MCCs were
required to express at least one epithelial and two neural
markers from a panel including cytokeratin cocktail AE1–
AE3, cytokeratin 7/20, synaptophysin, chromogranin A,
neurofilament protein, and neurone-specific enolase,
along with consistent ultrastructural findings (fig. 1). All
tumours were also TTF-1 negative.

fig. 1 Small-cell-type Merkel cell carcinomas (MCC)

showed solid-trabecular growth pattern, high

nuclear-cytoplasmic ratio, and inconspicuous

nucleolus (H&E, ×400), along with neursecretory

granules in electron microscopy analysis. Immu-

nohistochemically, epithelial (cytokeratin 20,

ABC-peroxidase ×100) and neural (neurofilament,

ABC-peroxidase ×400) markers were expressed

in all cases.
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A topographic analysis was performed in all cases,
considering superficial tumour cells located above the
transition papillary-reticular dermis (Clark level III) and
deep tumour cells those below this level.

 

Mitotic figure counting

 

Mitotic figures were screened in the same 50 high-power
fields (HPF) used for DNA cytometry and DNA extraction
in each compartment (7.140 mm

 

2

 

) as reported,

 

19

 

 beginning
in the most cellular area. Both the number of positive
nuclei per HPF and the number of neoplastic cells
intercepted by the microscope field diameter (

 

n

 

) were
registered. The last score was used to estimate the number
of neoplastic cells/HPF (

 

N

 

) using the formula 

 

N

 

 = (

 

n

 

π

 

/4)

 

2

 

as reported,

 

16,20,21

 

 and expressed per 1000 tumour cells.
Both the average and the standard deviation (SD) were
calculated as representative scores per compartment and
patient.

 

Immunohistochemical detection of Ki-67, 
BCL2 and TP53

 

The sections were mounted on positively charged
microscope slides (Superfrost Plus; Fisher Scientific, Fair
Lawn, NJ, USA) and baked at 60 

 

°

 

C for 2 h. The slides
were routinely dewaxed and rehydrated. The endogenous
peroxidase activity was then quenched with 0.5% H

 

2

 

O

 

2

 

 in
methanol, 10 min). A microwave antigen retrieval method
(20 min in 10 m

 

M

 

 citrate buffer, pH 6.0, at 600 watts) was
used, followed by incubation with polyclonal horse serum
(20 min, 1 : 100 dilution: Dako, Glostrup, Denmark) and
with monoclonal primary antibody (overnight, 4 

 

°

 

C), at
2 

 

µ

 

g/mL (MIB1 for Ki-67 and BCL2 Calbiochem, Cambridge,
MA, USA; and DO7 for TP53, Dako). Then sections were
serially incubated with biotinylated antimouse antibody
(30 min, 1 : 200 dilution; Dako), and peroxidase-labelled
avidin-biotin complex (60 min, 1 : 100 dilution; Dako).
All incubations were performed in moist chamber at room
temperature unless otherwise specified. The reaction
was developed under microscopic control, using 3,3

 

′

 

-
diaminobenzidine tetrahydrochloride with 0.3% H

 

2

 

O

 

2

 

 as
chromogen (Sigma Chemical, St Louis, MO, USA), and
the sections counterstained with haematoxylin. Both
positive (reactive lymph node) and negative (omitting the
primary antibody) controls were simultaneously run.

The threshold of positivity was experimentally esta-
blished at the positive control in each staining batch. Only
those nuclei with staining features similar to those of their
corresponding positive control were considered positive.
The immunostaining was quantified using the Cell Analysis
System (CAS) model 200 and Quantitative Proliferation
Index software (Becton Dickinson, San Jose, CA, USA) to

analyse the percentage of positive tumour nuclei and the
percentage of positive nuclear area from each compartment.
Both nuclear and positivity thresholds were experiment-
ally optimized in the corresponding positive control.

 

Slide cytometric analysis of DNA content

 

Feulgen-stained sections were used for DNA quantification,

 

22

 

according to validated protocols for such material.

 

15,16,22

 

CAS 200 and Quantitative DNA Analysis software
(Becton Dickinson) were used for the densitometric
evaluation. At least 200 complete, non-overlapping and
focused nuclei (or the whole lesion if smaller) were
measured in every case, beginning in the most cellular
area until completion in consecutive HPFs.

External diploid controls were used to determine DNA
indices (complete rat hepatocytes and lymphocytes from
reactive lymph nodes) and to standardize the nuclear
area/DNA content analysis (basal keratinocytes from nor-
mal areas).

 

23,24

 

 The internal controls were used for setting
the G

 

0

 

/G

 

1

 

 cell limits and calculating the DNA index of each
G

 

0

 

/G

 

1

 

 peak (> 10% of measured cells with evidence of
G

 

2

 

 + M cells).

 

25–27

 

 DNA histograms were used to calculate
proliferation rate (PR = S + G

 

2

 

 + M/G

 

0

 

 + G

 

1

 

 + S + G

 

2

 

 + M),
5c exceeding rate (5cER or percentage of non-octaploid
cells with DNA content exceeding 5c), and percentage of
tetraploid cells (DNA index 1.85–2.25).

 

16,25–27

 

Flow cytometric analysis of nuclear DNA

 

Serial 50-

 

µ

 

m-thick sections were microdissected, and
nuclear preparations were stained with propidium iodine
after RNase A digestion to study DNA ploidy.

 

28

 

 DNA
quantification parameters included DNA indices and PRs
as described,

 

15,25,26

 

 and the scatter analysis of nuclear area
and DNA content to identify apoptotic cells in each cell
cycle phase (low nuclear area for a given DNA content in
each cell cycle phase), when coupled with 

 

in situ

 

 end
labelling (ISEL, see below).

 

15,23

 

 External diploid controls
from paraffin-embedded tissues (lymphocyte from reactive
lymph nodes and histologically normal keratinocytes)
were used to determine DNA indices and to standardize
the nuclear area/DNA content analysis (considering only
keratinocytes for the last purpose).

 

15

 

 PR was calculated as
described for slide cytometry, using the rectangular model
for cell cycle histogram evaluation.

 

25

 

ISEL of fragmented DNA

 

Extensive DNA fragmentation associated with apoptosis
was detected by ISEL as reported.

 

13–16,18,21

 

 After routine
dewaxing and hydration, the sections were incubated in
2

 

×

 

 standard saline citrate (20 min at 80 

 

°

 

C) and digested
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with pronase (500 

 

µ

 

g/mL, 25 min, room temperature) in
a moist chamber.

DNA fragments were labelled on 5

 

′

 

-protuding termini
by incubating the sections with the Klenow fragment of

 

Escherichia coli

 

 DNA polymerase I (20 U/mL in 50 mmol/L
Tris-HCl, pH 7.5, 10 mmol/L MgCl

 

2

 

, 1 mmol/L DTT,
250 

 

µ

 

g/mL bovine serum albumin, 5 

 

µ

 

M

 

 of each dATP,
dCTP, dGTP, as well as 3.25 

 

µ

 

mol/L dTTP, and 1.75 

 

µ

 

mol/
L 11-digoxigenin-dUTP), at 37 

 

°

 

C in a moist chamber.
The incorporated digoxigenin-dUMPs were immuno-
enzymatically detected by using antidigoxigenin Fab
fragments labelled with alkaline phosphatase (7.5 U/mL,
in 100 mmol/L Tris-HCl, pH 7.6, 150 mmol/L NaCl, 1%
bovine serum albumin) for 4 h at room temperature. The
reactions were developed with the mixture nitroblue
tetrazolium-X phosphate in 100 mmol/L Tris-HCl
(pH 9.5), 100 mmol/L NaCl, 50 mmol/L MgCl

 

2

 

 under
microscopic control. Appropriate controls were simulta-
neously run, including positive (reactive lymph node),
negative (same conditions omitting DNA polymerase I),
and enzymatic (DNase I digestion before the end labelling).
The enzymatic controls were used to reliably establish the
positivity threshold in each sample.

 

Quantification of positive nuclei and statistical 
analysis

 

At least 50 HPF (7.6 mm

 

2

 

) were screened in each compart-
ment, beginning in the most cellular area. The number
of positive nuclei was expressed per HPF and per 1000
tumour cells, and the average and standard deviation
(SD) calculated in each pathological condition and patient
as described.

 

13–16,18,21

 

 The positivity threshold was experi-

mentally established at the positive control in each
staining batch. Only nuclei with staining features similar
to those of their corresponding positive control were
considered positive for any marker.

The data from both tumour compartments were used
to calculate a representative value per patient for each
variable (average and standard deviation). Case SD is a
non-markovian texture that informs on intratumour
heterogeneity in a given tumour and their SDs (considering
SDs as variables) inform on series variability of intratum-
our heterogeneity (SD of variable-SD),

 

29–31

 

 that is inter-
tumour heterogeneity (fig. 2).

 

17

 

 Student’s 

 

t

 

-tests (if normal
distribution was confirmed) or non-parametric analysis of
variance (

 

ANOVA

 

, if the distribution was not normal) were
applied to assess the differences by tumour compartment
of average and SD values of every quantitative variable.
Each variable distribution was previously tested for norm-
ality using the Kolmogorov–Smirnov test and for variance
equality using the Snedecor’s 

 

F

 

-test. Differences were
considered statistically significant if 

 

P

 

 < 0.05 in two-tailed
distributions. The correlation between proliferation and
apoptosis markers was studied by regression analyses to
calculate the correlation coefficient and the correspond-
ing statistical significance.

 

Results

 

MCC were found in 15 men and 12 women aged 72 years
(± 3.3 SD) that showed the clinical features presented in
Table 1. MCC revealed high cellular turnover (mitotic
figure counting, Ki-67 index, and ISEL index), concordant
with the undifferentiated appearances of these neoplasms
(fig. 1). MCCs revealed high cell density (over 425 cell/

fig. 2 Assessment of heterogeneity by high-

power field (F) in each compartment. At least 50

fields were screened for each marker to calculate

the average and standard deviation (σ). The aver-

age of standard deviation represents the intrale-

sional heterogeneity per compartment and the

standard deviation of the average per compart-

ment and case corresponds to the interlesional

heterogeneity.
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HPF) and no statistical differences for the proliferation
markers by topographic compartments (superficial 10.10 ±
1.99%, deep 10.90 ± 2.53%). Although the scores were
generally revealed higher in the superficial compartments
than in the deep compartments, the differences reached
statistical significance for the ISEL index only (Table 2).

Apoptosis showed significantly lower values in the deep
compartment (superficial 1.84 ± 0.80‰, deep 1.16 ± 0.62‰,

 

P

 

 = 0.0050; fig. 3), with a variability level (ISEL index SD,

Table 2) reached by 3 apoptotic cells/HPF in 17 HPF or 11
apoptotic cells in a single HPF for superficial compart-
ments and 2 apoptotic cells/HPF in 14 fields or 7 apoptotic
cells in a single HPF for deep compartments. These ISEL
results demonstrated statistically significant differences
for apoptosis intralesional heterogeneity (ISEL index, SD,

 

P

 

 = 0.0074), the higher values obtained in the superficial
compartments. In contrast, the interlesional heterogeneity
(ISEL index, average SD) was not significantly different

Table 1 Clinical features of Merkel cell carcinomas

Case Location Local recurrence Lymph nodes Metastasis Treatment Coexistent malignancy

MCC-1 Head-neck + + + S + RT + ChT +

MCC-2 Extremity – + + S + RT + ChT –

MCC-3 Head-neck + + – S + RT +

MCC-4 Head-neck + + + S + RT + ChT +

MCC-5 Head-neck + – – S + RT +

MCC-6 Extremity + – + S + ChT –

MCC-7 Head-neck – + + S + RT + ChT –

MCC-8 Head-neck – – + S + ChT –

MCC-9 Extremity + + – S +

MCC-10 Extremity – + – S + RT +

MCC-11 Trunk – + + S + RT + ChT –

MCC-12 Head-neck – + – S + RT +

MCC-13 Extremity + + + S + RT + ChT +

MCC-14 Head-neck – – – S + RT +

MCC-15 Head-neck – – – S + RT +

MCC-16 Extremity – + – S + RT –

MCC-17 Extremity – + – S + RT +

MCC-18 Head-neck – – – S + RT –

MCC-19 Trunk – + – S + RT +

MCC-20 Head-neck – + – S + RT –

MCC-21 Extremity + + + S + RT + ChT –

MCC-22 Head-neck – – + S + RT + ChT –

MCC-23 Extremity – – + S + RT + ChT –

MCC-24 Unknown + + + S + RT + ChT –

MCC-25 Extremity – + – S + RT +

MCC-26 Extremity – + – S + RT –

MCC-27 Head-neck – – – S + RT –

S, surgery; RT, radiotherapy; ChT, chemotherapy.

Table 2 Kinetic features by topographic compartments in Merkel cell carcinomas

Superficial compartment (Ave. ± SD) Deep compartment (Ave. ± SD) Statistical significance

Mitotic Figure counting Ave. 1.01 ± 0.16 1.09 ± 0.24 NS

SD 0.36 ± 0.10 0.30 ± 0.07 NS

Ki-67 index Ave. 47.61 ± 2.44 46.33 ± 6.98 NS

SD 16.78 ± 0.83 15.43 ± 2.33 NS

ISEL index Ave. 1.84 ± 0.90 1.16 ± 0.69 P = 0.0050

SD 1.44 ± 0.39 0.90 ± 0.31 P = 0.0074

Ave., average; SD, standard deviation; ISEL, in situ end labelling.

NS, not significant.
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(

 

P 

 

> 0.05 for Snedecor’s 

 

F

 

-test). Nine cases showed strong
and extensive staining for TP53, with strong BCL2 stain-
ing in 18 patients (fig. 4). In 14 cases the expression of
TP53 and BCL2 was mutually exclusive in the superficial
compartments only. The expression of TP53 and BCL2
correlated inversely with the ISEL index in deep compart-
ments only (

 

R

 

2

 

 = 0.8824, 

 

P

 

 = 0.014 for TP53/ISEL index;

 

R

 

2

 

 = 0.9024, 

 

P

 

 = 0.025 for BCL2/ISEL index).
Proliferation and apoptosis were statistically correlated

in the superficial compartment only (R2 = 0.8909, P =
0.003), following a polynomic function y = –0.1992x5 +
1.8046x4 – 5.4049x3 + 5.4435x2 + 0.2602x – 0.8562.

The DNA ploidy analysis revealed aneuploid cell lines in
the superficial compartments of all MCC (average DNA
index aneuploid lines 1.53), while the deep compart-
ments showed aneuploid cell lines in 14/27 cases (average
DNA index 1.50); the remaining deep compartments dis-
played diploid DNA content (DNA index between 0.95

and 1.10) (fig. 5). The PR was not significantly different
from the Ki-67 index obtained for both compartments
and the 5cER was higher for those cases with hyperdiploid
DNA content (all superficial compartments and 14/27
deep compartments) than for cases with diploid DNA
content (13/27 deep compartments): 9.12 ± 1.25% vs.
2.89 ± 0.10%.

Discussion
MCCs show topographic kinetic heterogeneity and are
characterized by high cellular turnover and homogene-
ously distributed high proliferation. Apoptosis follows the
distribution pattern of proliferation in superficial com-
partments, whereas in deep compartments apoptosis is
down-regulated, is less variable and is independent from
proliferation. These features should be considered when
designing any effective treatment.

fig. 3 In situ end labelling (ISEL) in MCC. Signifi-

cantly higher ISEL index was observed in superficial

compartments (Sup) than in deep compartments

(alkaline phosphatase – NBT-BCIP ×400), resulting

in a significantly increased kinetic index (Ki-67/ISEL).

fig. 4 Small-cell-type Merkel cell carcinomas (MCC)

showed solid-trabecular growth pattern (H&E,

×200), and immunoexpression of TP53 (nuclear,

ABC-peroxidase ×100) and BCL2 (cytoplasmic, ABC-

peroxidase ×400) in the deep compartments.
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Apoptosis down-regulation in MCC deep compartments
can contribute to genetic abnormalities accumulation in
cycling cells. The topographic intratumour heterogeneity
suggests a differential selection of tumour cells by com-
partments, but can also be the expression of either selec-
tive clonal evolution or a simple passive by-product of
genetic instability.13,15,32,33 The differential kinetic profile of
topographic tumour compartments has revealed lower
cell turnover and apoptosis down-regulation in deep/
peripheral compartments, resulting in accumulation of
genetic alterations and segregation of tumour cells with
differential genetic backgrounds as demonstrated previously
in colon, bladder or adrenal medullary neoplasms.13,14,18,34,35

In these organs the process is unlikely to be related with
hypoxia, which is more pronounced in central compart-
ments. The association of multiple genetic alterations
would become statistically less probable as the number
of molecular markers increases,13,32 and become useful
to test clonal expansions in tumours. Although genetic
abnormalities are probably asymmetrically acquired,36

our results show a correlation between tumour cell topo-
graphy, kinetic profile, and DNA aneuploidy. Although
similar results have been demonstrated in bladder, colon,
or adrenal medulla,13,14,18,34 this study represents the first
time the role of topography on cell kinetic segregation is
assessed in skin MCC.

The topographic segregation of tumour cells will influence
any marker result interpretation and would help selecting
better therapeutic options maximizing the effect in the
most sensitive areas (e.g. zones with higher proliferation).
This heterogeneous distribution would explain the result
variability reported on DNA ploidy,9 or the lack of corre-
lation between apoptosis and regression.37 No correlation
between apoptosis and prognosis/therapeutic response
has been reported in MCC to date; however, these ana-
lyses are based on short series and evaluate samples taken

with no topographic consideration.8,12,37 A more careful
selection of the samples to analyse might demonstrate
such correlation and help selecting the therapeutic options.
The tumour response to chemo- and radiotherapy depends
in great extend on the apoptosis up-regulation induced by
these therapies.38,39 Therefore, our results support a better
chemo-radiotherapy response in the superficial compart-
ments due to their higher proliferation and apoptosis,
while the deep compartments would be expected to show
some degree of resistance due to down-regulated apoptosis,
due to up-regulation of BCL2 expression in MCC.3,6,7,10,40

In this scenario, chemo- or radiotherapy would be less
effective for the treatment of MCCs with big deep com-
partments (e.g. tumours with extensive tumour burden in
reticular dermis or deeper). For these neoplasms, alternative
therapies need to be investigated.

The heterogeneous distribution and clustering of apoptotic
cells (significantly higher ISEL-index SD) in the superfi-
cial compartments also support a sort of clonal origin for
these apoptotic cells, most likely due to the accumulation
of genetic abnormalities reaching cytologically lethal
levels.32,41 Likewise, the coexistence of genetic alterations
in MCC supports a key role in tumorigenesis, the topo-
graphic heterogeneity resulting from the accumulation of
genetic damage, partially explained by TP53 overexpres-
sion in these neoplasms.6,37,42 This TP53 overexpression
frequently correlates with mutated TP53 that partially
blocks apoptosis and allows accumulation of mutations.13,18

The presence of DNA-aneuploid cells support the coexistence
of multiple genetic alterations and expresses predominant
chromosomal instability in MCC. In this scenario, decreased
aneuploid cells prevalence and loss of the physiological
cell kinetic correlations (dissociated proliferation-apoptosis)
in deep compartments suggest additional and collaborative
molecular mechanisms of genomic instability (not neces-
sarily independent) in this location.13,18,43

fig. 5 DNA ploidy histograms from superficial

and deep compartments in MCC. Hyperdipoid

cell populations (1.10 = DNA index = 1.85) were

observed in superficial compartments, while

dipoid/peridiploid cell populations (0.93 = DNA

index = 1.10) were present in the deep com-

partments. Aneuploid DNA content correlated

with higher cellular turnover (both proliferation

and apoptosis assessed by Ki-67 immunostain-

ing and ISEL, respectively) in MCC superficial

compartments.
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In conclusion, MCC are characterized by aneuploid
DNA content (chromosomal instability), homogeneously
distributed high proliferation, and apoptotic index follow-
ing the proliferation distribution pattern in superficial
compartments. Deep tumour compartments show down-
regulated apoptosis, which is less variable and independ-
ent from proliferation, and up-regulated BCL2 and TP53
expression that would make these compartments more
resistant to non-surgical conventional therapy.
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