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The histologic distinction of follicular patterned lesions of thyroid, that is follicular adenoma, follicular
carcinoma, and the follicular variant of papillary thyroid carcinoma can be extremely difficult. The differential
diagnostic criteria regarding nuclear features of papillary thyroid carcinoma are subjective, resulting in high
interobserver variability. Although papillary thyroid carcinoma metastasizes mainly via lymphatic vessels,
whereas follicular carcinoma spreads mostly hematogenously, there are no data regarding utility of objective
quantitative criteria such as lymphatic and general blood vessel density for the differential diagnosis of these
lesions. In this study, 35 follicular patterned lesions of thyroid (14 follicular adenomas, 10 follicular carcinomas,
and 11 of the follicular variant of papillary thyroid carcinomas) were evaluated immunohistochemically. An
assessment of intra- and peritumoral lymphatic vessel density was performed using novel lymphatic
endothelium-specific marker D2-40, and the intra- and peritumoral general vessel density was determined by
the panendothelial marker CD31. There were no significant differences in the intra- and/or peritumoral general
vessel densities, and peritumoral lymphatic vessel densities among follicular adenoma, follicular carcinoma
and the follicular variant of papillary thyroid carcinoma. In contrast, the intratumoral lymphatic vessel density
was significantly higher in the follicular variant of papillary thyroid carcinoma than in either follicular adenoma
or follicular carcinoma (34.63, 15.04, and 0.11 respectively; Po0.0001). The results of the study show that
intratumoral lymphatic vessel density may serve as a useful tool in the differential diagnosis of follicular
patterned lesions of thyroid.
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The differential diagnosis of follicular patterned
lesions of thyroid such as follicular adenoma,
follicular carcinoma, and the follicular variant of
papillary thyroid carcinoma is one of the corner-
stone problems of thyroid pathology. The existing
diagnostic criteria regarding nuclear features of
papillary thyroid carcinoma are subjective and
cause high interobserver variability even among
the experts, especially if these features are not fully
developed or are expressed focally.1 None of the
immunohistochemical markers or other ancillary
studies currently used for the differential diagnosis
of these lesions proved to be specific.

It is known that papillary thyroid carcinomas
have a propensity for intrathyroidal spread via
lymphatic vessels with further lymphagenous me-
tastases to the regional lymph nodes, whereas
follicular carcinomas metastasize mainly hemato-
genously. These peculiarities in the metastatic
features of different thyroid tumors are not fully
understood, but might be related to tumor angiogen-
esis as a major factor in tumor development and
progression. Recent reports on thyroid tumor angio-
genesis have shown that the expression of different
factors promoting de novo blood vessel formation
(hemangiogenesis) is increased in all thyroid tu-
mors, whereas the expression of lymphangiogenic
growth factors is significantly increased only in
papillary thyroid carcinomas.2–5 The above-men-
tioned data prompted us to hypothesize that
objective morphometric criteria reflecting both
hemangiogenesis and lymphangiogenesis, such as
microvessel density, could be used in the differen-
tial diagnosis of thyroid tumors in general, and
follicular patterned lesions of thyroid in particular.

Received 17 January 2005; revised 21 April 2005; accepted 22
April 2005; published online 27 May 2005

Correspondence: Dr TA Giorgadze, MD, PhD, Department of
Pathology, East Tennessee State University, PO Box 70568,
Johnson City, TN 37604, USA.
E-mail: giorgadz@etsu.edu
This work was presented in abstract form at the International
Academy of Pathology Congress in Brisbane, Australia, October
13, 2004.

Modern Pathology (2005) 18, 1424–1431
& 2005 USCAP, Inc All rights reserved 0893-3952/05 $30.00

www.modernpathology.org



To date, in contrast to numerous studies on general
blood vessel density in thyroid neoplasms,6–13 there
are no reports in the English literature regarding
lymphatic vessel density in thyroid tumors other
than papillary thyroid carcinoma.14

The goals of our study were to evaluate tumor
lymphangiogenesis in follicular patterned lesions of
thyroid and the utility of objective quantitative
criteria such as lymphatic and general blood vessel
density for the differential diagnosis of these
lesions. For this purpose, in a series of follicular
patterned lesions of thyroid, we quantitatively
evaluated the intra- and peritumoral lymphatic
vessel density using the novel lymphatic endothe-
lium specific immunohistochemical marker D2-40,
and compared it to intra- and peritumoral general
vessel density as determined by the panendothelial
marker CD31.

Materials and methods

In total, 35 cases of follicular patterned lesions of
thyroid (14 follicular adenomas, 10 follicular carci-
nomas, and 11 of the follicular variant of papillary
thyroid carcinoma) were retrieved from personal
consultation files of one of the authors (VAL).
Clinicopathological data were reviewed when avail-
able. Representative formalin-fixed, paraffin-em-
bedded tissue sections were selected for each case
after a histologic review of hematoxylin- and eosin-
stained slides. Immunohistochemical stains were
performed on 5-mm-thick sections. A mouse mono-
clonal antibody, clone D2-40 (Signet Laboratories,
Dedham, MA, USA; dilution 1:25) was used. Prior to
antibody incubation, sections were boiled in 1�
ethylenediaminetetraacetic acid buffer (Laboratory
Vision) for 20min. A section of each case was also
stained with anti-CD31 (clone JC70A, 1:10; DakoCy-
tomation Corporation, Carpinteria, CA, USA). The
pretreatment for CD31 was enzyme digestion in
0.06% pronase for 15min at 371C. Immunohisto-
chemical staining was performed in DakoCytoma-
tion Autostainert with the EnVisionþ horseradish
peroxidase diaminobenzidine for mouse (DakoCyto-
mation). Normal mouse serum (1:1000) was used to
substitute primary antibody in each case, as negative
control. The peri- and intratumoral vessel density
was determined in five high-power fields (� 400) of
the tissue sections in areas with the highest
vascularity (hot spots) as previously described,12

and the results were recorded as the sum of all
vessel counts per five high-power fields (� 400).
Intratumoral vessels were defined as vessels within
the tumor cell-occupied area. Peritumoral vessels
were defined as vessels within one high-power field
(� 400) around the tumor cell-occupied area or
beyond the tumor capsule. Only structures that
morphologically appeared as vascular and stained
with either immunomarker were taken into account.
Vessels were counted independently by two patho-

logists (TG and ZB, or TG and VAL) in each case.
The final score for each case was determined as a
mean of the values determined from two different
readings of intra- and/or peritumoral vessel densi-
ties.

Mean values, standard deviations, and standard
errors of mean were calculated for each group of
tumors. Mean lymphatic and general vascular
densities were compared using the one way ANOVA
(analysis of variance) test. Statistical significance
was determined by P-value (o0.0001). Spearman’s
correlation coefficients were obtained in cases when
statistically significant differences in vascular den-
sities were found.

Results

Immunohistochemical staining for D2-40 high-
lighted intra- and peritumoral lymphatic vessels as
well as lymphatics in non-neoplastic thyroid par-
enchyma. Blood vessels that were surrounded by
smooth muscle and contained red blood cells were
completely negative for this marker, whereas vascu-
lar structures morphologically consistent with lym-
phatics with lymphocytes in them showed strong
positivity for D2-40 and served as an excellent
positive internal control (Figure 1a and b, arrow).

While evaluating intratumoral lymphatic vessel
density in the follicular variant of papillary thyroid
carcinomas, an increased number of small lympha-
tic vessels with both opened and collapsed lumina
could be identified in-between the tumor cells, in
the fibrous septae separating the lobules of the
tumor, adjacent to the tumor capsule, and in the
tumor capsule itself (Figure 1c, d, and e). We found
an increased number of lymphatic vessels in the
areas where, in the corresponding fields of hema-
toxylin—eosin-stained sections, the nuclear features
of papillary thyroid carcinoma were more pro-
nounced, for example, in the areas close to the
tumor capsule. Interestingly, islands with an in-
creased number of lymphatic vessels, sharply
demarcated from the nontumoral thyroid parenchy-
ma devoid of any lymphatics, could be identified in
the areas of intraglandular spread of tumor far away
from the main tumor mass (Figure 1f).

In contrast to the follicular variant of papillary
thyroid carcinoma, the intratumoral lymphatic
vessel density in follicular carcinomas was strik-
ingly low, almost none. In our study, even obviously
highly vascular tumors did not show a single
lymphatic vessel when evaluated with D2-40 im-
munostain (Figure 1g and h). Importantly, one case
of follicular patterned lesion with hybrid tumor
features that focally showed atypical nuclei sugges-
tive of papillary thyroid carcinoma did not reveal
lymphatic vessels, favoring the diagnosis of follicu-
lar carcinoma (Figure 1i and j).

There was an increased number of intratumoral
lymphatics found in several follicular adenomas,
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which contributed to the higher mean intratumoral
lymphatic vessel density values in follicular adeno-
mas than in follicular carcinomas. In two of these
cases, there was a background of severe chronic
lymphocytic thyroiditis with an increased number
of lymphatic vessels in nontumoral thyroid par-
enchyma, and in one case, the increased number of
lymphatic vessels was in the area of post fine-needle
aspiration track (Figure 1k and l).

The quantitative results of intra- and peritumoral
lymphatic vessel density in follicular patterned
lesions of thyroid are shown in Figure 2a and b.
Although hot spots of lymphatic vessels could be
identified in follicular adenomas, quantitatively, the
intratumoral lymphatic vessel density in the follicu-
lar variant of papillary thyroid carcinoma was
significantly higher than in both follicular adenoma
and follicular carcinoma (Po0.0001). The mean
values of intratumoral lymphatic vessel densities
were 34.63719.02 (s.e.m.¼ 5.74) for the follicular
variant of papillary thyroid carcinoma, 15.04718.1
(s.e.m.¼ 4.83) for follicular adenoma, and 0.1170.3
(s.e.m.¼ 0.09) for follicular carcinoma. In our study,
large peritumoral lymphatic vessels with open
lumina morphologically similar to the lymphatics
in non-neoplastic thyroid parenchyma could be
found in all follicular patterned lesions of thyroid,
and there was no statistically significant difference in
the quantity of peritumoral lymphatics among var-
ious groups of lesions. The mean values of peritu-
moral lymphatic vessel density were 39.579.64
(s.e.m.¼ 3.05) for the follicular variant of papillary
thyroid carcinoma, 37.8677.46 (s.e.m.¼ 1.99) for
follicular adenoma, and 49.5713.51 (s.e.m.¼ 4.27)
for follicular carcinoma (Figure 1m–o).

All thyroid tumors in our study showed high
intra- and peritumoral general blood vessel density
highlighted by CD31 immunostain (Figure 1p–u,
respectively). The mean values of intratumoral
general vessel densities were 166.5729.04 (s.e.m.¼
11.9) for the follicular variant of papillary thyroid
carcinoma, 262.62771.18 (s.e.m.¼ 25.24) for folli-
cular adenoma and 235.577153.19 (s.e.m.¼ 58.02)
for follicular carcinoma. Although intratumoral
general vessel density in follicular adenoma and
follicular carcinoma seemed to be somewhat higher

than in the follicular variant of papillary thyroid
carcinoma, the difference did not reach statistical
significance. Nor was there significant difference in
peritumoral general vessel densities. The mean
values of peritumoral general vessel densities
were 134.6747.62 for the follicular variant of papil-
lary thyroid carcinoma (s.e.m.¼ 21.35), 126.5747.6
(s.e.m.¼ 16.8) for follicular adenoma, and 141.717
32.11 (s.e.m.¼ 12.16) for follicular carcinoma (Figure
2c and d).

Discussion

Angiogenesis plays a crucial role in solid tumor
growth, progression, invasion, and metastasis.
Tumor growth beyond a critical size requires de
novo blood vessel formation. Numerous factors both
promoting and inhibiting angiogenesis have been
identified. Very little is known about what mod-
ulates angiogenic switch in the tumors and how the
tumor cells gain access to the vascular structures for
further dissemination—through the expansion and
invasion of pre-existing vessels or by de novo tumor
angiogenesis.15,16 On the other hand, from multiple
clinical observations, it is clear that there definitely
are human malignancies for which the most com-
mon pathway of initial dissemination is lympha-
genous rather than hematogenous spread. Papillary
thyroid carcinoma is one of them.

Angiogenesis in thyroid neoplasm has been
studied extensively.2,3 Most of these studies reflect
the level of expression of different angiogenesis
factors and microvessel density in thyroid tumors,
and correlation of these factors with clinicopatho-
logical features including thyroid tumor histotype,
differentiation, presence of regional lymph node,
and distant metastases and prognosis.2,3,17

Among angiogenic factors most extensively eval-
uated in thyroid neoplasms is vascular endothelial
growth factor (VEGF), one of the major regulators of
tumor angiogenesis. VEGF gene and protein expres-
sion have been shown to be increased not only in
thyroid tumors, but in Graves’ disease, Hashimoto
thyroiditis and goiter.2,3,17–21

The intensity of VEGF expression has been shown
to be associated with thyroid tumor behavior. Higher

Figure 1 Lymphatic and blood vessels in the follicular patterned lesions of thyroid. (a) D2-40-positive intratumoral lymphatic vessels
with open and collapsed lumina; note the absence of staining in the adjacent blood vessels. (b) Immunostain for D2-40 highlighting non-
neoplastic thyroid tissue with peritumoral lymphatic vessels containing lymphocytes (arrow). (c–e) D2-40 immunostain in the follicular
variant of papillary thyroid carcinoma highlighting small irregularly shaped lymphatic vessels in-between the tumor cells (c), in the
intratumoral fibrous septae (d), close to the tumor capsule and in the tumor capsule (e). (f) Numerous morphologically abnormal
lymphatic vessels highlighted by D2-40 in the area of intraglandular spread of the follicular variant of papillary thyroid carcinoma; note
the absence of lymphatic vessels in the adjacent thyroid parenchyma. (g) Section of follicular carcinoma demonstrating absence of
immunostain for D2-40. (h) Same field of follicular carcinoma as in (g). Numerous blood vessels highlighted by CD31 immunostain. (i)
Hematoxylin—eosin-stained section of hybrid tumor with atypical nuclei (inset). (j) Same tumor as in (i). Complete absence of lymphatic
vessels with D2-40 staining. (k) Hematoxylin—eosin-stained section of follicular adenoma with fine-needle aspiration track. (l) Same
field as in (k). D2-40 immunostain demonstrating an increased number of lymphatic vessels in that area. (m–o) Peritumoral lymphatic
vessels in the follicular variant of papillary thyroid carcinoma (m), follicular carcinoma (n), and follicular adenoma (o). (p–r)
Intratumoral blood vessels in the follicular variant of papillary thyroid carcinoma (p), follicular carcinoma (q), and follicular adenoma (r).
(s–u) Peritumoral blood vessels in the follicular variant of papillary thyroid carcinoma (s), follicular carcinoma (t), and follicular
adenoma (u).
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Figure 1 Continued.
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VEGF expression is present in metastatic thyroid
cancer than in nonmetastatic disease, correlates
with the tumor size and is associated with increased
risk of recurrence and decreased disease-free survi-
val in papillary thyroid carcinomas.3,20,22 Increased
VEGF concentration in papillary and follicular
thyroid carinomas parallels with the cell prolifera-
tion activity evaluated by immunohistochemical
stain for Ki-67, indicating increased angiogenesis
in both types of tumors.20

Members of the VEGF family have been shown
to promote both hemangiogenesis and lymphangio-
genesis in the thyroid during disease processes.

Recently, it has been demonstrated that levels of
VEGF-C, which stimulates lymphangiogenesis, are
increased in PTC, but not in the other thyroid
cancers prone to metastasize via lymphatics.4,5

While there is a clear relationship between VEGF
expression and thyroid tumor behavior, the data
regarding the significance of microvessel density in
thyroid neoplasms are rather confusing. Thyroid
tumors are more vascular than the normal thyroid
gland. Increased microvessel density was found in
malignant vs benign follicular tumors, well-differ-
entiated thyroid carcinomas, and papillary thyroid
carcinomas.6–8,10,12 Surprisingly, in some studies,

Figure 2 Intra-and peritumoral lymphatic vessel density and general vessel density in the follicular patterned lesions of thyroid. (a)
Intratumoral lymphatic vessel density. (b) Peritumoral lymphatic vessel density. (c) Intratumoral general vessel density. (d) Peritumoral
general vessel density.
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reduced microvessel density in papillary thyroid
carcinomas was associated with poor differentia-
tion, worse prognosis, and reduced survival.6,12 In
contrast, in other studies, an increased risk of
recurrence, worse prognosis, and poorer survival
were associated with increased microvessel den-
sity,9,11,13 whereas Fontanini et al7 found association
of increased microvessel density with poor prog-
nosis only for medullary, but not for papillary or
follicular thyroid carcinomas.

There could be many methodological reasons
for these controversies, including selection of
vascular immunohistochemical markers (CD31,
CD34, or Factor VIII), methods of counting vessels,
observer variability, and most importantly, no
discrimination of blood vessels from lymphatic
vessels by immunohistochemical markers used in
these studies. The latter explains the fact that
despite numerous publications regarding microves-
sel density, there is only one recent report regarding
lymphatic vessel density in thyroid tumors, and
specifically in well-differentiated papillary thyroid
carcinomas.14 In this report, Hall et al14 showed that
not only are there numerous morphologically ab-
normal intratumoral lymphatics in papillary thyroid
carcinomas, but also the development of intratumor-
al lymphatics appears to be associated with multi-
focal disease and presence of lymph node
metastases at presentation.

The immunohistochemical studies regarding lym-
phangiogenesis and lymphatic vessel density in
tumors became possible only after the recent
discovery of lymphatic endothelium-specific mar-
kers such as LYVE-1, podoplanin, and D2-40. The
monoclonal antibody D2-40 was introduced most
recently. This antibody has been thoroughly studied
in our laboratory and proved to be useful for both
qualitative and quantitative assessment of lympha-
tic vessels in different tumors.23,24

In the present study, we used D2-40 for the
assessment of lymphatic vessel density in the
follicular patterned lesions of thyroid. In order to
evaluate lymphangiogenesis in these lesions and the
utility of objective quantitative criteria such as
lymphatic and general blood vessel density in their
differential diagnosis, we determined the intra- and
peritumoral lymphatic vessel density using D2-40
antibody, and compared it to intra- and peritumoral
general vessel density determined by the panvascu-
lar marker CD31.

Our study showed that the intratumoral lympha-
tic vessel density in the follicular variant of
papillary thyroid carcinoma is significantly higher
than in follicular adenoma and follicular carcinoma.
Spearman’s correlation coefficient was 0.92
(o0.0001) for the follicular variant of papillary
thyroid carcinoma, 0.95 (o0.0001) for follicular
adenoma, and 1.0 (o0.0001) for follicular carci-
noma. The difference was especially striking when
compared with lymphatic vessel density in follicu-
lar carcinomas, in which intratumoral lymphatics

were almost nonexistent. Although overall lympha-
tic vessel density in follicular adenoma, quantita-
tively, was significantly lower than in the follicular
variant of papillary thyroid carcinoma, there were
several follicular adenomas with hot spots of
lymphatic vessels. In one of them, the increased
number of lymphatics was seen in the fine-needle
aspiration tract, and in two others, there was a
background of severe chronic lymphocytic thyroidi-
tis. We do not have enough data to suggest that
inflammatory cells of background thyroiditis might
somehow promote lymphangiogenesis in thyroid
tumors, but that could be a possible explanation. We
also found an increased number of lymphatic
vessels in several adenomatous nodules adjacent to
the follicular variant of papillary thyroid carcinoma.
Again, we do not have enough data to make any
conclusions regarding the lymphatic vessel density
in hyperplastic/adenomatous nodules although the
work is in progress in our institution (data not
shown).

In our study, as in the study by Hall et al,14 the
intratumoral lymphatics were morphologically ab-
normal—small and irregular, suggesting de novo
lymphatic vessel formation. Further studies, such as
double immunostaining with D2-40 and the prolif-
erative marker Ki-67, could prove active de novo
lymphangiogenesis in the thyroid tumors. Hall et
al14 also found a significant association between the
presence of intratumoral lymphatics and the pre-
sence of nodal metastasis at presentation. In the
consult cases that we used, we did not have
information on lymph nodes and/or follow-up data
to perform correlation studies. Nevertheless, the
finding of small areas with hot spots of lymphatics
away from the main tumor mass raises the possibi-
lity that quantitative determination of lymphatic
vessel density can be potentially useful in identify-
ing intrathyroidal lymphatic spread, multifocal
disease, or even in the diagnosis of papillary
microcarcinoma. In our study, we did not find
significant differences in the intra- and peritumoral
general vessel density among various follicular
patterned lesions of thyroid. This can be explained
by the fact that all thyroid tumors, both benign and
malignant, are highly vascular. We believe that it is
the de novo intratumoral lymphatic vessel formation
that determines the biological behavior and aggres-
siveness of papillary thyroid carcinoma, and that the
assessment of intratumoral lymphatic vessel density
can be used as an objective criterion in distinction of
the follicular variant of papillary thyroid carcinoma
from other follicular patterned lesions of thyroid.
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