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Background Expression of angiogenic markers determined by microvessel density
(MVD) could be used as a reliable predictor of prognosis and as a potential target for
antiangiogenic therapy in different categories of non-Hodgkin lymphoma (NHL).
Aims The aim of this study was to evaluate MVD using immunohistochemical meth-
ods and computer-assisted quantitative image analysis in nodal NHL patients and com-
pare CD34 and CD105 expression in lymph nodes of NHL patients.

Materials and Methods The present study was conducted on 60 lymph node biop-
sies received in the Department of Pathology at our tertiary care center for histopatho-
logical examination. Representative paraffin-embedded tissue sections were stained
with hematoxylin and eosin along with immunohistochemical stains for CD34 and
CD105. MVDs were analyzed at 400x using automated image analyzer by two investi-
gators independently.

Statistical Analysis Data were calculated, tabulated, and statistically analyzed using
SPSS (Statistical Package for Social Studies) statistical program version 18. The values
entered were mean of morphometric parameters. In all tests, p-values below 0.05 were
regarded as significant.

Results MVD was determined by CD34 and CD105 antibody highly correlated with
different categories of NHL. Higher MVD was observed in cases of aggressive NHL as
compared with indolent NHL and the difference was statistically significantly. MVD
using CD105 was correlated more strongly as compared to CD34 with different cate-
gories of NHL.

Conclusion The present study concluded that NHL exhibits potent angiogenic activ-
ity that increased significantly with increasing aggressiveness. The study also demon-
strated that CD105 is more specific than CD34 as a marker of neoangiogenesis in NHL.
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Introduction

Non-Hodgkin lymphoma (NHL) is defined by what it is not;
that is, it includes all neoplasms of lymphoid origin other than
Hodgkin lymphoma. NHL occurs five times more frequently
than Hodgkin lymphoma. NHL occurs in both children and
adults with an overall male:female ratio of 1.3:1. NHL usually
presents as painless, localized, or generalized enlargement of
lymph nodes with or without hepatosplenomegaly. Prognosis
in NHL depends on many factors. An International Prognostic
Index has been developed for aggressive NHL patients based
on age, stage, number of extranodal sites of disease, perfor-
mance status, and serum lactate dehydrogenase levels. Clinical
factors such as sex, size of tumor, and B-2-microglobulin have
been found to affect prognosis. Histologic grade also affects
prognosis. In addition, a variety of factors may be of impor-
tance in determining prognosis, including proliferative rate,
cytotoxic T cell response, loss of molecules of immune recog-
nition, loss of cell adhesion antigens, gain of drug resistance
molecules, acquisition of aneuploidy, gain of specific onco-
genes, or loss of specific tumor suppressor genes and genomic
imbalances.! Extent of angiogenesis, measured as microvessel
density (MVD), has also been studied as a prognostic factor.
Several studies have shown that increased MVD is predictive
of poor prognosis and is associated with high-grade tumor
or high-grade transformation in NHLs.? Other studies have
failed to confirm these results.?

Angiogenesis, which is the development of new capillar-
ies from existing blood vessels, occurs in both the developing
embryoand postnatallife.*The growth of solid tumors requires
angiogenesis, leading to the development of microvessels
(MVs); therefore, tumor expansion correlates with the extent
of angiogenesis.” MVs not only provide nutrients and oxygen
but also remove catabolytic substances, while endothelial
cells produce growth factors for tumor cells in a paracrine
fashion.® A well-developed microvascular system facilitates
local expansion of tumor since endothelial cells secrete cellu-
lar matrix degrading enzymes. Angiogenic activity in a given
tumor governs the potential for metastases and inhibition of
angiogenesis may prove significant in suppressing neoplastic
growth and invasiveness.” Without adequate vascularization,
tumors larger than 1 mm?® may undergo necrosis and cannot
grow beyond a critical size or metastasize to another organ.
Similarly, without an efficient blood supply, it is difficult to
deliver anticancer drugs to all regions of a tumor in effective
quantities.® In tumors, the normal configuration of blood ves-
sels is generally abolished. Large-caliber tumor vessels may
have thin walls usually belonging to capillaries or an incom-
plete basement membrane and an unusual pericyte coat. The
vessel wall is not always formed by a homogenous layer of
endothelial cells. Instead, it may be lined with only cancer
cells or a mosaic of cancer and endothelial cells.

The histological quantification of human tumor angiogen-
esis was introduced by Weidner et al in 1991.° He and his col-
leagues used immunohistochemical techniques to highlight
tumor blood vessels with antibodies to Factor VIII-related
antigen. Since then various other markers have been
employed including CD31, CD34, and CD105.'° Highlighting
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the vessel wall made it possible to numerically count MVs,
announcing the emerging of a new parameter that might
be used in the characterization of solid tumors. Of the var-
ious methods to assess angiogenesis, MVD has been studied
extensively in various tumors.!!

Ever since, the quantification of tumor angiogenesis to
predict tumor behavior has always been in the attention of
pathologists. In this regard, the works of Folkman can be con-
sidered very important in establishing those parameters that
are usually needed to be measured to describe angiogene-
sis. These parameters include vessel number, endothelial cell
hyperplasia, and cytology, introducing for the first time the
term intratumoral MVD. The reason why these parameters
should be studied is to yield important information on the
relationship to other clinicopathological tumor characteris-
tics and help testing of antiangiogenic therapies.®

Materials and Methods

The present study was conducted on 60 lymph node biopsies
performed due to various benign or malignant indications
submitted in the Department of Pathology for histopatho-
logical examination. These 60 cases were divided into two
groups. Group I or the control group included 20 cases of
reactive lymphadenitis (RL). Group II included 40 cases of
NHL that were divided according to the WHO classification
and comprised of 21 cases of diffuse large B cell lymphoma
(DLBCL, not otherwise specified [NOS]) along with six cases
each of peripheral T cell lymphoma (PTCL, NOS), chronic lym-
phocytic leukemia/small lymphocytic lymphoma (CLL/SLL),
mantle cell lymphoma (MCL), and one case of follicular
lymphoma (FL). Representative paraffin-embedded tissue
sections of all the cases were stained with routine hematox-
ylin and eosin along with immunohistochemical stains with
monoclonal antibodies to CD34 at 1:50 dilution (Dako) and
CD105 at 1:25 dilution (Dako). “Hotspots,” that is, areas of
maximal MVD, were identified. In four such hotspots, ves-
sel number and MVD were analyzed at 400x using auto-
mated image analyzer by two investigators independently.
The mean value of both investigators was considered as
the MVD in each case. Sections of lymph node were used as
positive controls for anti-CD34 and anti-CD105 antibodies.
Negative controls were prepared by replacing the antibody
by phosphate-buffered saline or nonimmune serum.

The quantitative morphometric studies were done by
image analysis. Images provided by a charged device video
camera coupled with Olympus BX51 microscope at a magnifi-
cation 400x were stored on a host computer based on Pentium
4 processor with operating system Microsoft Windows
Vista/XP through a digital frame grabber and processing was
done by image analysis software Image Pro Plus Version 6.3.

MV was defined as any highlighted endothelial cell or
endothelial cell cluster clearly separate from adjacent MVs,
tumor cells, and other connective tissue elements. Vessel
lumens were not necessary for a structure to be defined as
MV. MVD was assessed by light microscopy in representa-
tive areas of sections with highest numbers of capillaries
and small venules (neovascular “hotspots”) according to the
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method that was first described by Weidner et al.? The micro-
sections stained with CD34 and CD105 were scanned first at
low magnification (100x), and after the most intense areas
of neovascularization (hotspot) were identified in sections,
MV counts were done on a minimum of four fields at 400x.
Computer-assisted image analysis was performed on all cells,
tissues, and vessels expressing antibody staining, avoiding
confounding background, and including all positive stain-
ing vessels, whereas contaminating areas were excluded
using the specific computer function. Data was collected as
the number of MVs in 400x field. Mean of four microscopic
fields was taken and MVD per mm? was calculated. Finally, all
the data was tabulated in Excel sheet from which mean and
median were calculated in all categories of NHLs.

Data were calculated, tabulated, and statistically analyzed
using SPSS (Statistical Package for Social Studies) statistical
program version 18.The values entered were mean of morpho-
metric parameters. In all the tests, p-values below 0.05 were
regarded as significant. For comparison between immunohis-
tochemical staining between CD34 and CD105, chi-squared
test was applied. To compare the number of MVs and MVD
between RL and various categories of NHL, t-test was applied.

Results

A total of 60 cases of lymph node biopsies were included
in the present study that were divided into groups. Group
I included 20 (33.33%) cases of RL and Group II included
40 (66.67%) cases of NHL. Maximum cases of RL (n = 8, 40%)
were in the age group of 30 to 40 years followed by age
group of 20 to 30 years (n = 4, 20%). The mean age for RL was
30 years. However, maximum cases of NHL (n = 10, 25%) were
in the age group of 60 to 70 years followed by the age group
of 50 to 60 years (n = 8, 20%). Most common presentation in
both the groups was cervical lymphadenopathy followed by
inguinal lymphadenopathy in cases of RL and axillary lymph-
adenopathy in cases of NHL. No significant difference was
observed in the MVDs from lymph nodes at different sites.
Among NHL majority cases (n = 21, 52.5%) were of DLBCL,
NOS type followed by six (15%) cases each of PTCL, NOS,
CLL/SLL, and MCL type and one (2.5%) case of FL. Thus, there
were 27 cases of aggressive lymphomas (DLBCL and PTCL)
and 13 cases of indolent lymphomas (CLL/SLL, MCL and FL).

The total number of vessels evaluated in the study
were 5,657 with CD34 and 1,173 with CD105. While using
CD34, the total number of vessels counted were 3,019 in cases
of RL, 1,517 in DLBCL, 567 in PTCL, 189 in CLL/SLL, 311 in
MCL, and 54 in FL. On using CD105 as the endothelial marker,
the number of vessels counted were 227 in cases of RL, 515 in
DLBCL, 182 in PTCL, 99 in CLL/SLL, 128 in MCL, and 22 in FL.
Although we had only one case of FL in our study, a difference
was observed in the MVD between follicular and interfollic-
ular areas of reactive lymph nodes as well as in FLs and MVD
was more in the interfollicular areas in both cases.

Mean MVDs calculated using CD34 and CD105 in various
categories of NHL are shown in =Table 1 and the difference
between mean MVDs in various categories came out to be
statistically significant.

Table 1 Mean MVDs at 400x using CD34 and CD105
antibodies in various categories of non-Hodgkin lymphoma

Type of NHL Mean MVD (no./mm?)

CD34 CD105
DLBCL, NOS 75.25 +£6.89 25.55 £3.62
PTCL, NOS 98.44 +8.09 31.60 +3.59
CLL/SLL 32.82+7.24 17.19 £3.88
MCL 53.99 £9.85 22.22 £3.27

Abbreviations: CLL/SLL, chronic lymphocytic leukemia/small lymphocytic
lymphoma; DLBCL, NOS, diffuse large B cell lymphoma, not otherwise
specified; MVD, microvessel density; NHL, non-Hodgkin Lymphoma;
PTCL, NOS, peripheral T cell ymphoma, not otherwise specified.

The mean MVDs using CD34 and CD105 were highest in
PTCL (most aggressive NHL) followed by DLBCL and MCL.
However, low MVD was observed in CLL/SLL (indolent NHL)
patients. This observation shows that MVDs correlate well
with the aggressiveness of NHL.

The mean MVDs in case of RL and NHL (all categories com-
bined) at 400x using CD34 and CD105 are shown in (~Fig. 1).
In cases of RL, majority of the MVs were identified in para-
cortical areas as compared with germinal centers. In cases of
RL (=Figs. 2 and 3), the difference between MVD evaluated
using CD34 and CD105 came out to be significant (p = 0.003).
On comparing mean MVDs of Group I (RL) and Group II (NHL)
cases (=Fig. 2) using CD34, increased MVD of 157.5 + 7.49
per mm? was observed in cases of RL. However, in case of
NHL, the mean MVD with CD34 was 68.70 + 28.13 per mm?
(=Fig. 4). This difference of MVDs in the two groups was sta-
tistically significant (p = 0.01). On the contrary, mean MVD
evaluated using CD105 was comparatively much less in cases
of RL, that is, 11.67 + 4.70 per mm?2 On using CD105 in cases
of NHL, the mean MVD was 24.64 + 3.6 per mm? (~Fig. 5).
This difference in the two groups was also statistically sig-
nificant (p = 0.04). This shows that CD105 is more specific for
tumor-related angiogenesis as compared with CD34.

Discussion

The NHLs are a diverse group of lymphoproliferative neo-
plasms with variable clinical behavior and prognosis.
Currently, lymphomas are classified on the basis of morphol-
ogy, immunology, and genetic and clinical features. The clin-
ical stage of the lymphoma is the most important prognostic
factor, apart from the histological grade (indolent versus
aggressive).'! Highlighting the vessel wall using various endo-
thelial markers made it possible to numerically count MVs,
announcing the emerging of a new parameter that might be
used in the characterization of hematolymphoid malignan-
cies and other solid tumors. Although immunohistochemical
staining for pan endothelial markers clearly highlights the
vascular endothelium, endoglin (CD105) is suggested to be
a useful marker for evaluating the angiogenesis. Of the var-
ious methods to assess angiogenesis, MVD has been studied
extensively in various tumors.® There is paucity of literature
regarding comparison of neoangiogenesis markers in NHL
and RL. The reason why these parameters should be studied
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Fig. 1 Comparison of mean MVDs using CD34 and CD105 antibodies in Group | (RL) and Group Il (NHL). MVD, microvessel density; NHL,
non-Hodgkin lymphoma; RL, reactive lymphadenitis.

Fig. 3 Microvessels in reactive lymphadenitis (CD105; 400%).
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is to yield important information on the relationship to other
clinicopathological tumor characteristics and help testing of
antiangiogenic therapies.®

Comparison of Microvessel Density in Reactive
Lymphadenitis

Increased MVD was observed using CD34 in cases of RL,
which was comparable to studies performed by Aggarwal
et al'" and Ruan et al'?> who revealed the similar pattern of
increased MVDs in RL (=Table 2).

A comparison of angiogenetic activity using CD34 and
CD105 was attempted in our study. There were only few
studies in which CD105 was used as an angiogenesis marker
in RLs as it was supposed to be a marker of neoangiogen-
esis in tumors. A low MVD of 11.67 * 4.70 per mm? using
CD105 was observed in RL as compared with NHL. Study
performed by Duse et al'® analyzed the results expressing
only a percentage of vessels staining positive for CD105 and
observed decreased percentage (12.82%) of positive vessels in
RL. Our study was in concordance with the study performed
by above-mentioned author revealing similar findings.

Comparison of Microvessel Density in Various
Categories of Non-Hodgkin Lymphoma

Angiogenesis plays a key role in tumor growth, invasiveness,
and progression. Few studies have been performed in NHL for
the demonstration of neoangiogenesis. Ribatti et al' reported
increased capillary proliferation in lymph node biopsies
of high-grade NHL. MVD has been shown to correlate with

Table 2 Mean MVDs in RL

Endothelial MVD

marker
Our study CD34 156.25 + 7.49/mm?

CD105 11.67 £4.70/mm?
Aggarwal etal | CD34 191.92 £ 12.16/mm?
Ruan et al™? CD34 47.92 +13.05 per 200%

Abbreviations: MVD, microvessel density; RL, reactive lymphadenitis.

Table 3 Mean MVDs in various categories of NHL

biological behavior in nodal B cell NHL and the frequency of
NHL tissue MVs increased with pathological progression.

Ridell and Norrby showed increased MVD in involved
lymph nodes of patients with SLL but the number of blood
vessels did not correlate with the grade of tumor.'®

Arias and Soares found a statistically significant difference
in MVD measured by immunostaining with Factor VIII-related
antigen between low- and high-grade NHL when classified in
either the working formulation or the Kiel classification.®

Another study performed by Ribatti et al in 1996 observed
highest MVD in aggressive type of lymphomas including
Burkitt’s lymphoma and PTCL compared with intermediate
and DLBCL and lower in indolent FL."”

Data on angiogenesis in B cell lymphomas is controver-
sial partially owing to the application of different lymphoma
classification systems. As B cell lymphomas encompass het-
erogenous diseases, angiogenic events are likely to differ in
various entities.'

We observed increased MVD using CD34 as a marker of
angiogenesis in aggressive lymphomas as compared with
indolent lymphomas and this difference between the MVDs
was statistically significant.

Cases of DLBCLs showed increased MVD of 75.25 + 6.89 per
mm? using CD34. Similar findings were observed by Agarwal
et al'' and Tzankov et al'® in patients of DLBCL.

PTCL is an aggressive type of NHL showing increased
angiogenesis. Literature reviewed showed only one study
demonstrating angiogenesis in PTCL using CD34. We have
also attempted to calculate the MVD in PTCL to know the pat-
tern of angiogenesis. Highest MVD (98.44 + 8.09/mm?) using
CD34 was observed that was comparable to the study per-
formed by Aggarwal et al'' who also revealed an increased
MVD in cases of PTCL using CD34 (~Table 3).

Indolent lymphomas are slowly progressive tumors
showing a low angiogenetic activity. Our study also showed
decreased MVD of 32.82 + 7.24 per mm? using CD34 in
CLL/SLL that was comparable to the studies by Aggarwal et al'!
and Tzankov et al' who also showed low MVD in indo-
lent lymphomas that was in concordance with our study.

Endothelial marker | MVD

DLBCL, NOS PTCL, NOS CLL/SLL MCL
Our study CD34 75.25+6.89 98.44 + 8.09 32.82+7.24 53.99 £9.85
(per mm? D105 25.55 + 3.62 31604359 | 17.19+3.88 22224327
Aggarwal et al" CD34 149.91 +13.68 183.42 +£8.24 76.78 £10.41 -
Tzankov et al™ CD34 3117 - 19+£12 197
Ruan et al'? CD34 37.10+16.24 - 59.18 £17.30 -
(per 200x%)
Mazur et al?® CD34 Aggressive NHL 19.45+11.24

Indolent NHL 21.7+12.4

Abbreviations: CLL/SLL, chronic lymphocytic leukemia/small lymphocytic lymphoma; DLBCL, NOS, diffuse large B cell ymphoma, not otherwise spec-
ified; MCL, mantle cell lymphoma; MVD, microvessel density; NHL, non-Hodgkin lymphoma; PTCL, NOS, peripheral T cell lymphoma, not otherwise

specified.
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Similarly, lower MVD (53.99 + 9.85/mm?) was observed in
cases of MCL that was also in concordance with the study
conducted by Tzankov et al'® (~Table 3).

However, Mazur et al?*® found no significant correlation
between MVD revealed by CD34 staining and the grade of his-
tological malignancy in the lymph nodes of patients with NHL
based on the Revised European American Lymphoma (REAL)
classification. Ruan et al'? also showed a reversed pattern of
MVD in CLL/SLL by expression of neoangiogenetic markers
using CD34/Smooth Muscle Actin (SMA) as compared with RL.
This may be due to perivascular and intrastromal areas that
were stained with CD34 as well as SMA as there is increase in
stromal cells in indolent subtype of CLL/SLL.

On using CD105 as the angiogenesis marker, the highest
MVD was seen in cases of PTCLs (31.60 + 3.59/mm?) followed
by DLBCLS (25.55 + 3.62/mm?), MCL (22.22 + 3.27/mm?), and
CLL/SLL(17.19 % 3.88/mm?). This difference in MVDs was also
statistically significant.

Duse et al'® reported a high heterogeneity of blood
vessels in NHLs for the first time. They used CD105/SMA
and CD34/SMA double immunostaining for highlighting
tumor blood vessels for the categorization of immature
and intermediate type of blood vessels and observed that
use of CD105 for counting of blood vessels in lymphomas
is more sensitive and can appreciate in a more accurate
fashion the angiogenic status of NHL as compared with
other markers.

Various authors?'%* performed MV counts using different
angiogenic markers in various tumors and revealed that MVD
increased with varying degrees of differentiation and grades
of tumors.

Our findings were in concordance with the studies con-
ducted by Weidner et al,*' Netto et al,? Nayha et al,>* and
Laitakari et al** showing an increase in MVD in high-grade
NHLs.

Comparison of CD34 and CD105 as a Marker of
Angiogenesis

Present study revealed that CD105 appeared to be more
specific and sensitive markers for various tumor angio-
genesis. Our study was supported by authors®* who used
CD105 antibody for calculating MVD in breast carcinoma,
hepatocellular carcinoma, small cell lung cancer, nervous
system lymphomas, and colorectal adenoma-carcinoma
sequence as compared with CD34 antibody.

In the present study, as we did not have any information
regarding patients’ follow-up, we could not determine the
relationship between MVD and survival. But our study showed
that there was statistically significant difference in total MVD
between different categories of NHL with a pattern of increas-
ing angiogenesis in aggressive lymphomas. Thus, it was sug-
gested that MVD could be used as a measure of angiogenic
activity and aggressiveness in different categories of NHL.

If the prognostic value of quantitative assessment of
tumor angiogenesis is confirmed in a large prospective study
in addition to conventional pathologic assessment, MVD
could be a practical and valuable standard prognostic test
in predicting patient outcome in patients with NHL and in
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selecting patients for systemic adjuvant therapy, especially in
the use of future antiangiogenic drugs.

The MVD using CD105 antibody was lower than that of
MVD-CD34 in respective grades. This is due to the fact that
CD34 is a nonspecific marker and stains all MVs including
some perivascular stromal cells and lymphatic vessels, which
may have contributed to falsely elevated MVD values. In
contrast, CD105 stains small, newly formed tumor vessels
only. Thus, CD105 appears to be more specific and sensitive
marker for tumor angiogenesis. The study also demonstrated
the superiority of CD105 over CD34 as a marker of neoan-
giogenesis in NHL, which is consistent with studies of breast
cancer, lung cancer, and hepatocellular carcinoma.?”2830

Conclusion

The present study concluded that NHLs exhibit potent angio-
genic activity that increased significantly with increasing
aggressiveness. MVD determined by CD34 and CD105 antibody
was highly correlated with different categories of NHL. Higher
MVD was observed in cases of aggressive NHL as compared
with indolent NHL. These findings further suggested the
potential significance of characteristics of MVD as potential
prognostic marker as well as its application in improved selec-
tion of patients for antiangiogenic and other treatments. In the
present era of newer antiangiogenic therapies, NHLs’ angio-
genesis and alteration in vascular morphology definitely have
prognostic significance and thus help to improve the treat-
ment modalities and patient care.
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