
Abstract. Background/Aim: Mycosis fungoides (MF) is the
most common primary cutaneous T-cell lymphoma (CTCL)
characterized by malignant proliferation of mature T
lymphocytes and primary skin involvement. Recent reports
suggest that angiogenesis may play a role in the growth and
spread of this malignancy. Cluster of differentiation 31 (CD31)
is a protein classified into the Ig-superfamily of cell adhesion
molecules, expressed on endothelial cells and majority of
hematopoietic non-erythroid cells. The aim of our study was to
explore the role of angiogenesis in MF. Materials and
Methods: We evaluated the expression of CD31 in relation to
clinicopathological data and potential impact on patients’
outcome in MF utilizing immunohistochemistry (IHC) and
western blot (WB) techniques in 73 and 19 MF and 21 and 4
control samples, respectively. Results: In the IHC study,
statistical analysis revealed significantly higher CD31
expression in MF compared to the controls (p<0.0001) with
highest expression in advanced stages vs. early ones and
controls (p<0.0001 for both). In regard to skin involvement,
expression was also elevated in more infiltrative (T3, tumors)
and in more extensive (T4, erythroderma) cutaneous lesions
compared to less infiltrative and limited skin lesions (T1, T2,
patches and/or plaques) (p<0.01 for both). Regarding the
extracutaneous spread, higher CD31 expression correlated
with nodal involvement (N1-3 vs. N0; p<0.0001). In the WB
study, statistical analysis revealed significantly higher CD31
expression only in advanced vs. early stage of MF (p<0.05).
In regard to skin involvement, expression was also elevated in
T3 and T4 as compared T1+T2 (p=0.08, p<0.05; respectively).

Higher CD31 expression correlated with nodal involvement
(N1-3 vs. N0; p<0.01). A strong significant correlation between
CD31 expression at the protein level analyzed by IHC and WB
was noticed (r=0.802, p<0.0001). Moreover, strong positive
correlations between IHC expression of CD31 and podoplanin
(PDPN; r=0.582, p<0.0001), vascular endothelial growth
factor C (VEGFC; r=0.332, p<0.01) and Ki-67 (r=0.330,
p<0.01) were disclosed. Conclusion: Expression of CD31 in
MF skin biopsies provides new evidence for the role of
angiogenesis in the progression of MF. Additionally, the new
data revealed prompts for further research on potential use of
CD31 as a new marker of the disease advancement, as well as
the target of new therapeutic strategies.

Mycosis fungoides (MF) is the most common primary
cutaneous T-cell lymphoma (CTCL) characterized by
malignant proliferation of mature T lymphocytes with the Th2
phenotype. The disease primarily develops in the skin,
classically evolving from patches through infiltrated plaques
to tumors. In approximately 30% of cases, extracutaneous
dissemination to the lymph nodes and distant organs is
observed. Tumor, node and metastasis blood (TNMB)
classification illustrates classical progression of the disease (1,
2). Recent years have brought significant progress in research
on MF; however, the mechanisms of the disease development
and progression are still not fully elucidated. Several lines of
evidence suggest that, similarly to solid tumors, angiogenesis
may play an important role in the growth and spread of MF
(3-9). Angiogenesis is a multistep process of new capillaries
formation from existing vascular network through the
extension and branching in response to stimulation by
proangiogenic factors. It is an important component of
physiological processes (i.e., during pregnancy, menstrual
cycle and tissue regeneration) and it, also, plays a fundamental
role in tumor growth and dissemination (10-13). 

Cluster of differentiation 31 (CD31), also known as platelet-
endothelial cell adhesion molecule-1 (PECAM-1), is a
transmembrane glycoprotein type I, a member of the Ig-
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superfamily of cell adhesion molecules (14). CD31 has a
molecular weight of 130 kDa and is composed by 6
extracellular Ig folds involving N- and O-linked glycosylation
sites (15-16). CD31 expression is observed on endothelial cells
and a majority of hematopoietic non-erythroid cells, including
platelets, neutrophils, T and B cell subsets (14). Accumulated
data indicate the role of CD31 in vascular barrier function
integration, mechanical stress sensing, apoptosis prevention
and angiogenesis (11). It has been also widely used as a marker
of angiogenesis in immunohisto-chemistry studies (17).

Several studies concerning angiogenesis in MF have been
published over the last years; however, detailed analysis of
the CD31 expression in MF, utilizing immunohistochemistry
(IHC) and western blot (WB), has not been published yet.
Therefore, the aim of our study was to evaluate the
expression of CD31 in MF in relation to clinicopathological
data and potential impact on patients’ outcomes in MF.

Materials and Methods
Specimens. The IHC study was performed on 73 paraffin blocks
obtained from the patients with MF diagnosed and treated between
years 1994-2015 in the Department of Dermatology, Venereology and
Allergology of Wroclaw Medical University, Poland. The diagnosis was
established and re-evaluated based on clinical, histopathological and
IHC examinations, according to the World Health Organization (WHO)
classification (2008) (1). The staging was assessed according to TNMB
system (International Society for Cutaneous Lymphomas/ European
Organization for Research and Treatment of Cancer; ISCL/EORTC)
revision) also presented in our previous study (2, 18, 19). In order to
analyze potential differences between benign and malignant skin
conditions, the control group comprised of 19 paraffin blocks obtained
from aged- and sex-matched patients with benign inflammatory
dermatoses (16 with lichen planus, 3 with eczema disseminatum).
Additionally, samples from 21 patients with MF and 4 with benign
dermatoses skin biopsies were also collected and stored in –80˚C in
order to perform WB analyses. The experiment was performed in
accordance to ethical standards and approved by the Ethics Committee
of Wroclaw Medical University (decision no. KB 574/2011). Patients’
dermographic and clinicopathological characteristics are presented in
Table I. 

Immunohistochemistry (IHC). All reactions were performed on 4-μm-
thick paraffin sections. In order to examine the CD31 expression, a
protocol using Dako Autostainer Link48 (Dako, Glostrup, Denmark)
was introduced. Deparaffinization, rehydratation and antigen retrieval
was conducted by boiling in EnVision FLEX Target Retrieval Solution
(pH=9, 20 min, 97˚C; Dako) using Pre-Treatment Link platform (Dako).
Activity of endogenous peroxidase was blocked by a 5-min incubation
in EnVision FLEX Peroxidase-Blocking Reagent (Dako). Sections were
incubated with the primary monoclonal mouse anti-human CD31
antibody (clone JC70A, RTU; Dako) for 20 min at room temperature
(RT). Following this EnVision FLEX /HRP treatment, secondary
antibodies were applied (20 min at RT; Dako). Diaminobenzidine
((DAB); Dako) was utilized as the peroxidase substrate and the sections
were incubated for 10 min at RT. All slides were counterstained with
EnVision FLEX Hematoxylin (Dako). Subsequently, the preparations
were mounted in Mounting Medium (Dako). 

Evaluation of IHC reactions. All sections were evaluated using a
BX-41 light microscope (Olympus, Tokyo, Japan) by two
pathologists who were blinded to the patients’ clinical data. In
doubtful cases, a re-evaluation with a double-headed microscope was
performed until a consensus was achieved. CD31 expression was
observed in the cytoplasm of endothelial cells. Initially, the sections
were first scanned at low power (×40 and ×100 magnification) to
identify the hot-spots (areas of potentially highest microvessel
density (MVD) count). Subsequently, these areas were examined
under ×200 magnification using a Chalkley Point Array graticule
(Pyser Sgi., Edenbridge, UK). The Chalkley count was regarded as
the number of grid points that hit stained vessels. An average score
was determined for three hot-spots. 

Western blot (WB). Frozen samples were thawed in CellLytic MT
Cell Lysis Solution (SigmaAldrich, Munich, Germany) with the
addition of protease inhibitors, Benzonase at 50U/ μl (Merck;
Millipore, Bedford, MA, USA) and 0.2 mM phenylmethanesulfonyl
fluoride ((PMSF); SigmaAldrich). Protein concentrations of whole
cell lysates were determined by bicinchoninic acid (BCA) assay
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Table I. Patients’ clinicopathological data. 

                                                  IHC (n=73)                      WB (n=21)

Mean age (range)              58.82±13.75 (19-81)       56.48±14.81 (31-77)
Parameters                             N                  %                N                 %

Gender                                                                                                 
   Male                                  46               63.89             12              57.14
   Female                               27               37.50              9               42.86
Tumor size                                                                                           
   T1                                      20               27.40              6               28.57
   T2                                      22               30.14              3               14.29
   T3                                      15               20.54              6               28.57
   T4                                      16               21.92              6               28.57
Lymph nodes                                                                                       
   N0                                      42               58.33              9               42.86
   N1, N2, N3                       31               43.06             12              57.14
Metastasis                                                                                            
   M0                                     72               98.63             21             100.00
   M1                                      1                 1.37               0                  0
Blood involvement                                                                              
   B0                                      69               94.52             20              95.24
   B1                                       4                 5.48               1                4.76
pTNM                                                                                                  
   I A                                     19               26.03              6               28.57
   I B                                     16               21.92              2                9.52
   II A                                     6                 8.22               1                4.76
   II B                                    11               15.07              5               23.81
   III                                      15               20.55              6               28.57
   IV A                                   5                 6.85               1                4.76
   IV B                                   1                 1.36               0                  0
Clinical advancement                                                                         

Early 
(stage IA-IIA)                       46               63.01             12              57.14

Advanced
(stage IIB-IVB)                    27               36.99              9               42.86

IHC, Immunohistochemistry; WB, western blot.



(Pierce, Rockford, IL, USA). Equal amounts of total protein (30 μg)
were mixed with sample buffer and dithiothreitol (DTT) and
resolved by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE). After the completion of the
electrophoresis, samples were transferred to polyvinylidene
difluoride (PVDF) membranes (Immobilon; Millipore) and incubated
in a 4% bovine serum albumin (BSA) solution in tris-buffered saline
(TBS) with the addition of 0.1% Tween-20. Subsequently,
membranes were incubated with mouse anti-human CD31 antibody
at 1:200 (66065-1-Ig; Proteintech Europe, Manchester, UK)
overnight at 4˚C. At the end, the membranes were treated with the
secondary antibody specific for the primary antibody (Jacksons
Immunoresearch, Suffolk, UK) for 1h, rinsed and incubated with the
Immun-Star-HRP Chemiluminescent Substrate (Bio-Rad, Hercules,
CA, USA). Protein quantifications were based on the total protein
normalization with the use of the TGX Stain Free FastCast
Acrylamide Kit (Bio-Rad). Protein separation was visualized on the
gels after electrophoresis and analyzed by using Image Lab 5.0
Software and ChemiDock MP System (Bio-Rad). 

Statistical analysis. Shapiro-Wilk test was used to evaluate the
normality assumption of examined groups. To compare the differences
between the expression of examined markers in all patients’ pairs of
groups and clinicopathological data, the unpaired t-test and Mann-

Whitney test were used. To compare the differences between more
than two groups, the Kruskal-Wallis and Dunn’s multiple comparison
test was performed. Additionally, the Spearman correlation test was
used to analyze the existing correlations. The Kaplan-Meier method
was used to construct survival curves. To evaluate the analysis of
survival Mantel-Cox test was performed. A Cox proportional hazards
model with forward stepwise selection was used to calculate univariate
and multivariate hazard ratio (HR) for the study variables. All
statistical analyses were performed using Prism 5.0 (GraphPad, La
Jolla, CA, USA) and Statistica 10 (StatSoft Inc. Tulsa, OK, USA). The
results were considered as statistically significant when p<0.05.

Results

Immunohistochemistry (IHC). Positive reactions for CD31
were disclosed in 71/73 of MF cases and in all of control
samples. The CD31 expression was observed in cytoplasm of
endothelial cells of blood vessels (Figure 1). Statistical
analysis revealed that CD31 expression was significantly
higher in MF as compared to controls (p<0.0001; Mann-
Whitney test; Figure 2A). In MF, the mean expression of the
studied protein was significantly higher in advanced stages
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Figure 1. Immunohistochemical expression of CD31 in cytoplasm of endothelial cells in benign dermatosis (A, control) and in mycosis fungoides
patients (B-D). Magnification ×200.



than in early ones and controls (p<0.0001 for both) as well in
early stages compared to controls (p<0.01; Mann-Whitney
test; Figure 2B). CD31 expression was also elevated in more
infiltrative cutaneous lesions (T3, tumors) and in more
extensive skin involvement (T4, erythroderma) as compared
to less infiltrative and limited skin changes (T1, T2, patches
and/or plaques) (p<0.01 for both, Mann-Whitney test, Figure
3A-B). Moreover, the infiltration of the skin changes had more
important statistical significance than the extent of the lesions
in early stages (T1b+T2b vs. T1a+T2a; p<0.01, Mann-
Whitney test, Figure 3C). Regarding the extracutaneous
spread, higher CD31 expression was associated with nodal
involvement (N1-3 vs. N0) (p<0.0001, Mann-Whitney test,
Figure 3D). Additionally, strong significant positive
correlation between expression of CD31 and previously
described proteins, i.e. podoplanin (PDPN; r=0.582,
p<0.0001), vascular endothelial growth factor C (VEGFC;

r=0.332, p<0.01) and Ki-67 (r=0.330, p<0.01), was noticed
(Spearman’s correlation test; Figure 4 and Table II) (19).

Western blot (WB). To verify the results obtained by IHC
reaction, we also investigated CD31 expression in frozen 21
MF and 4 control samples by WB (Figure 5). Analyzing MF
group, we found significantly higher CD31 expression in
advanced vs. early stages (p<0.05, Mann-Whitney test;
Figure 2C-D). Regarding the skin involvement, we noted the
same associations between the CD31 expression and the
infiltration and extend of the skin lesions (T3 vs. T1+T2, T4
vs. T1+T2) as in IHC study (p=0.08, p<0.05, respectively;
Mann-Whitney test; Figure 6A-C). Similarly, analyzing
metastases, we confirmed the correlation between elevated
CD31 expression and nodal involvement (N0 vs. N1-3)
(p=0.0095; Mann-Whitney test; Figure 6D). We noticed a
strong significant correlation between CD31 expression at the
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Figure 2. Comparison of CD31 expression assessed with immunohistochemistry (A, B) and western blot (C, D) in regard to disease presence (A, C)
and clinical advancement (B, D). MF, Μycosis fungoides; OD, optical density; SD, Standard deviation. *p<0.05, **p<0.01, ****p<0.0001, Mann-
Whitney test.



protein level assessed by IHC and WB (r=0.8, p<0.0001;
Spearman’s correlation test; Figure 4). Moreover, analysis of
correlation of WB expression of previously studied proteins,
i.e. PDPN, VEGFC and Ki-67, with CD31 revealed no
significant associations (Table II) (19). 

Analysis of survival. A detailed summary was already been
presented in previous reports on the expression of selected
markers in CTCL, including MF subgroup (18-20). Regarding
CD31 expression, univariate analysis using Mantel-Cox test
did not reveal any significant associations in overall survival
of MF patients, which may be explained by the relatively
small patient cohort. (Table III). Additionally, no significant
relationship between CD31 expression and age, gender and
disease duration was noted (data not shown).

Discussion

Over the past decades, several reports have documented
increased angiogenesis in CTCL, including MF (3-7, 21).
Vacca et al. demonstrated increased angiogenesis measured by

microvessel density (MVD) in skin biopsies obtained from
patients with MF in regard to healthy skin controls (3).
Furthermore, MVD was also significantly higher in cutaneous
lesions vs. unchanged skin in MF cases and correlated with
the advancement of skin disease. Similar results were
published by Mazur et al., who evaluated MVD using anti-
CD34 antibodies in MF skin lesions (4). In the study of
Jankowska-Konsur et al. MVD was significantly higher in
advanced MF compared to early stages; however, there were
no significant differences in MVD between early MF and
either the healthy skin or parapsoriasis en plaque, a benign
inflammatory dermatosis, transforming in MF, in some cases
(5, 18). Interestingly, dermoscopy, non-invasive diagnostic
method using magnifier (×10-20) and a standardized light
source, was also found to assess angiogenesis in skin lesions.
In MF, Bosselia et al. have visualized a dotted pattern of blood
vessels whose number correlated with the MVD as assessed
by anti-CD34 antibodies (6). Recently, the expression of the
key proangiogenic factor vascular endothelial growth factor A
(VEGFA) has been observed in MF cells on both mRNA and
protein level (7). Similarly, the expression of angiopoietin-2,
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Figure 3. Comparison of CD31 expression assessed with immunohistochemistry (IHC) in regard to different stages of skin advancement (A-C) and
nodal involvement (D) in mycosis fungoides. SD, Standard deviation. **p<0.01, ****p<0.0001, Mann-Whitney test.



a VEGF-dependent protein taking part in vascular remodeling,
was found increased in MF tissues (22).

In our study, for the first time, we documented a correlation
between expression of CD31 and MF advancement. Utilizing
IHC and WB, we observed enhanced CD31 expression in
advanced compared to early stages (IIB-IVB vs. IA-IIA).
Similarly, Karpova et al. observed increase in the MVD
detected by anti-CD31 antibodies with progression of
erythrodermic MF and Sézary syndrome (aggressive variant of
CTCL) (23). Concerning skin involvement, an increased CD31
expression in advanced skin lesions comparing to the early

ones was revealed. We also noted that infiltration of the skin
changes had more important statistical significance than the
extent of the lesions in early stages. More abundant expression
of CD31 was observed in T2b vs. T2a and T1b vs. T1a. Our
results are consistent with recent reports revealing significant
differences in terms of prognosis between the disease stages
T1b vs. T1a and T2b vs. T2a (2). Tumor angiogenesis not only
contributes to the growth of tumor mass but also facilitates the
spread of neoplastic cells and dissemination of the malignancy.
A number of studies have provided data showing associations
between increased angiogenesis and dissemination of cancer
(24-26). In our study, we observed that the increased CD31
expression positively correlated with nodal involvement. In a
variety of solid tumors, as well as hematological malignancies,
increased angiogenesis is associated with poor prognosis (27,
28). Surprisingly, in our study, despite the significant
correlation between CD31 expression and MF progression, we
did not observe any impact on survival. In our opinion, this
phenomenon could be explained by the relatively small patient
cohort, thus requiring further studies on larger groups of cases.
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Figure 4. Spearman’s correlation test revealed significant positive association between CD31 expression assessed with immunohistochemistry (IHC)
and western blot (WB) (r=0.809, p<0.0001) in patients with mycosis fungoides (A). Moreover, strong positive correlations between IHC expression
of CD31 vs. (B) podoplanin (PDPN; r=0.582, p<0.0001), (C) vascular endothelial growth factor C (VEGFC; r=0.332, p<0.01) and (D) Ki-67
(r=0.330; p<0.01) were disclosed.

Figure 5. Western blot analysis of expression of CD31 in benign
dermatoses (control) and mycosis fungoides (MF) patients.



In conclusion, this report demonstrated the expression of
CD31 in MF skin biopsies providing new evidence for the
role of angiogenesis in the progression, cutaneous and nodal

involvement in MF. Additionally, our study provided new
data for further research on potential future use of CD31 as
a new marker of the disease advancement, as well as the
target of new therapeutic strategies.
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Figure 6. Comparison of CD31 expression assessed with western blot in regard to different stages of skin advancement (A-C) and nodal involvement
(D) in mycosis fungoides. SD, Standard deviation. *p<0.01, **p<0.0001, Mann-Whitney test.

Table III. Mantel-Cox analysis of survival.

                                                                                   Overall survival

                                                             HR             95% CI           p-Value

IHC: CD31 (≤7 vs. >7)                     0.774        0.305-1.959         0.588

WB: CD31 (≤0.217 vs. >0.217)       0.955        0.191-4.773         0.95

CI, Confidence interval; HR, hazard ratio; IHC, immunohistochemistry;
WB, western blot.

Table II. Correlations of immunohistochemical (IHC) and western blot
expression of CD31 and podoplanin (PDPN), vascular endothelial growth
factor C (VEGFC) and Ki-67 protein in mycosis fungoides patients. 

Correlated markers                                                r; p-Value

IHC:                                                                                
CD31 vs. VEGFC                                           r=0.332; p<0.01
CD31 vs. PDPN                                            r=0.582; p<0.0001
CD31 vs. Ki-67                                                r=0.330; p<0.01

WB:                                                                                
CD31 vs. VEGFC                                            r=0.076; p=0.74
CD31 vs. PDPN                                               r=–0.20; p<0.92
                                                                                       
IHC vs. WB:                                                                 
CD31 IHC vs. CD31 WB                            r=0.809; p<0.0001
Ki-67 IHC vs. CD31 WB                                r=0.09; p=0.673

Significant results are given in bold.
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