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ABSTRACT 

Aims: Vascular malformations (vMs) encompass a wide range of diseases often associated with somatic or, more rarely, 

germinal genetic mutations. A mutation in the PIK3Ca/mTOR pathway is more often involved in various vMs. CD10 

and CD34 are cellular markers that may play a role in mesenchymal differentiation and proliferation. The aim of our 

study was to find a possible link between the immunohistochemical expression of CD10 and CD34 in vMs and their 

relationship with mutations in the PIK3CA/mTOR signaling pathway. 

Methods and Results: Our study on 58 samples of vMS showed that in endothelial cells CD10 was significantly 

expressed in PIK3CA mutated samples compared to samples without any mutation (p<0.05), especially and even more 

consistently when compared to samples with mutation in other pathways (p <0.0001). Conversely, in the same PIK3CA 

mutated samples, CD34 expression in endothelial cells was significantly reduced compared to samples either without 

any mutation or mutations in other pathways (p<0.05 and p<0.0005). Compared to samples with mutations in other 

pathways a significant overexpression of endothelial CD10 was also found in samples with TEK/TIE2 mutation, a gene 

linked to the PIK3CA/mTOR pathway (p<0.01). However, CD34 expression was not altered. In samples with PIK3CA 

mutation, the CD10 expression was significantly increased in the stroma as compared to samples with TEK/TIE2 gene 

or other genes mutations (p<0.05).  

Conclusion: Therefore, CD10 and CD34 immunohistochemical profile could suggest/support the presence of mutations 

in PIK3CA/mTOR pathway in samples of vMs. 

Keywords: vascular malformations; PIK3CA/mTOR pathway; CD10 and CD34 expression 

 

 

1. INTRODUCTION  

Vascular malformations (vMs) encompass a lot of different diseases that can cause overgrowth in different anatomic 

locations associated with somatic or, more rarely, germinal genetic mutations [1]. The genes that are more frequently 

involved are within the PIK3CA/mTOR cascade, the RAS-MAPK pathway and the GNAQ/GNA11 genes [2]. 

Immunohistochemistry (IHC) has become a daily tool that allows to distinguish vMs from vascular tumors and to 

identify endothelial, hematic and lymphatic cells. This is due to an increasing number of antibodies that characterize the 

different endothelial types, as well as their phase of differentiation [3-6]. 
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In order to find a possible link between genetic and immunohistochemical patterns we investigated the expression of 

different genetic mutations and immunohistochemical markers according to the  pathways that are more frequently 

involved in different types of vMs [7-8]. 

CD10 and CD34 expression were chosen as having a role in stem cells. In the fetus, CD10 plays a potential role in 

mesenchymal differentiation and proliferation [9]. At the same time, it is a marker of lipoblastoma and 

lipoblastomatosis. These diseases share a histopathology that is very similar to that of mesenchymal overgrowth related 

to vMs [10]. 

CD34 is a stem-cell marker expressed in endothelial cells in different phases of their development and differentiation. It 

is also a marker of stromal progenitor cells expressed in a mesenchymal proliferative component [11]. 

A lot of studies have shown expression of CD10 and CD34 as an epiphenomenon of different signaling pathways 

activation during cell development, differentiation and neoplastic transformation [12-17]. 

The aim of our study was to find a possible association between the immunohistochemical expression of CD10 and 

CD34 in vMs and their relationship with mutations in the PIK3CA/mTOR signaling pathway and related genes such as 

TIE2/TEK.    

 

2. MATERIAL AND METHODS  

2.1 Patient cohort  

From 2015 to 2018 a total of 58 samples of vMs were examined from 53 outpatients collected from Buzzi Hospital and 

San Paolo Hospital, Milan, Italy. The study was performed after an informed consent was obtained by all patients or by 

their parents if minor, in accordance with the Helsinki Declaration. 

2.2 Samples  

Most samples were composed of skin and underlying tissues obtained during surgery performed for clinical reasons and 

a few from punch biopsy.  Samples were fixed in formalin for histological and immunohistochemical evaluation. 

Further tissue was preserved in “RNA-Later preservation medium” (InVitrogen ThermoFischer Scientific) and a sample 

of peripheral blood in EDTA, 2.5 ml, was collected for molecular analysis. By comparing blood and tissue sample it 

was possible to differentiate somatic from germinal mutations.  

 2.3 Histological/immunohistochemical analysis   
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Sampling and staining were performed according to the “Procedures and operating instructions for diagnosis in vascular 

anomalies and pathology” [18].  Immunohistochemical study was performed using auto-stainer and antibodies Dako 

(Dakopatts, Denmark). CD31, D2-40, Ki67, SMA and WT-1 allowed to confirm the specific type of vM as: AVM 

(arterio-venous malformation); VM (venous malformation); CM (capillary malformation); LM (lymphatic 

malformation); CLM (capillary lymphatic malformation); CVM (capillary venous malformation); CLVM (capillary 

lymphatic venous malformation). Immunohistochemical evaluation of CD10 and CD34 expression was carried out by 

two independent investigators (L.M. and D.T.). The rare discrepancies in interpreting the results were checked by a 

third investigator (G.B.). CD10 and CD34 expression were evaluated separately in the endothelial cells of malformed 

vessels and in mesenchymal cells embedding the vMs, employing a score combining staining intensity and percentage 

according to Anam Ali [19] (Table 1 and Figure 1).  

2.4 Molecular analysis  

DNA was extracted with conventional spin column technique.  Next Generation Sequencing (NGS) was performed 

using a MiSeq Illumina instrument for a custom panel of genes, choosen from literature [20-22] and from ISSVA 

Classification of mutation involved in vMs [2]. Those cases that resulted negative after the first probing underwent a 

second NGS aimed at finding those cases with a low frequency of mutations. All positive cases were then confirmed 

with a different approach with a Nextera XT Illumina protocol using custom primers in order to obtain an ultradeep 

coverage as previously described [23]. Cases were considered mutated when at least two different examinations had the 

same results. The cases were divided in the following groups according to the genetic analysis: 1) mutations in the 

PIK3CA (PIK3CA-group); 2) mutations in the specific gene TEK/TIE2 (TEK-group); 3) mutations not related to the 

PIK3CA pathway (no-PIK3CA-group); 4) without any mutation (neg-group).  

2.5 Statistical analysis  

Data were deemed significant (p<0.05) after a one-way ANOVA followed by the Tukey's multiple comparisons. The 

results are expressed as the mean value ± SEM. Statistical analysis was performed by GraphPad Instat software (La 

Jolla, CA, USA) and graph illustrations by GraphPad Prism software (La Jolla, CA, USA).   
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3. RESULTS  

3.1 Clinical data  

We evaluated 58 specimens of 53 patients with vMs (we had obtained 3 biopsies in one patient and 2 biopsies in 3 

patients). The  median age was of 15,3 years, with a male to female ratio 21:32. In 23 patients a syndrome was 

diagnosed on the basis of clinical features while in 19 patients vMs were associated with only soft tissue overgrowth; 2 

cases were characterized by macroglossia and 3 cases by macrodactily alone. The remaining 6 patients had no 

alterations except vMs.  

3.2 Histological data  

Histological examination showed a prevalence of LM with or without capillary and/or venous component (26 combined 

and 10 pure). Pure VM, CM and AVM were present respectively in 6, 10 and 4 specimens. The remaining cases were 

CVM (2 cases). Histological data were confirmed by IHC used for the evaluation of vascular anomalies [3,5]. Clinical 

data and histotype are summarized in Table 2.  

3.3 Molecular analysis  

The molecular analysis showed several types of mutated genes, mainly in the PIK3/mTOR pathway. We found 28 cases 

with a gene mutation in PIK3CA while a mutation in the TEK gene was found in 6 cases.  

In 7 and 2 cases respectively, we found mutations in GNAQ e GNA11 genes; in 2 cases the KRAS gene was mutated; 

in one case SOS1 and MAP2K1 genes were mutated while in another case the NF1 gene was affected. In 11 cases we 

were unable to find mutations in genes that are usually linked to vMs (Table 3).  

3.4 Immunohistochemistry  

In the malformed vessels, CD10 endothelial expression was present in 41 out of 58 specimens with varying score: 13 

(1+); 11 (2+) and 16 (3+). It is worth to be noted that in every case where CD10 was positive in malformed vessels, the 

normal vascular component was negative. Endothelial cells expressed CD34 in 47 specimens with 11 (1+), 10 (2+) and 

26 (3+) score in malformed vascular component. In these cases, the antibody expression was maintained also in not 

malformed component, as it usually happens. CD10 and CD34 were expressed in 28 specimens simultaneously. 

However, analyzing further slices we found one of the following: a) co-expression of the two antibodies in the same 

malformed vessels; b) vessels in part positive for CD10 and in part for CD34, in a mutually exclusive way. The stroma 

expressed CD10 antigen in 30 specimens; here, too, they were present with different intensity and distribution: 9 (1+), 

11 (2+) and 10 (3+). These were often consistent with the endothelial expression but sometimes weaker and in rare 
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cases stronger. Finally, stromal cells CD34 expression was maintained in 51 specimens with different intensity. Table 3 

and Figure 3 show endothelial and stromal CD10 and CD34 expression in groups with different mutations (PK3CA, 

TEK and other mutations).  

3.5 Statistical analysis  

Statistical analysis showed a significantly higher expression of CD10 in endothelium of both PIK3CA and TEK-group 

compared to cases in which the mutation in genes of other pathways was found (p<0.0001 and p<0.01). The CD10 

stromal expression of the PIK3CA-group, although with less statistical significance, remained higher than that of both 

the TEK and no-PIK3CA-groups (p<0.05). Conversely, the PIK3CA-group showed a statistically significant reduction 

in CD34 endothelial expression compared to the no-PIK3CA-group (p<0.0005). However, they did not present 

substantial differences of expression as compared to the TEK-group. Finally, all the groups maintained the stromal 

expression of CD34 (Figure 3). The neg-group showed a similar CD10 and CD34 expression, both in endothelial and 

stromal cells, compared to TEK and no-PIK3CA groups. 

 

 

4. DISCUSSION  

Under the term vMs it has been recognized a lot of different diseases, simple or associated with complex syndromes, 

sporadic or more rarely familiar [1,24], histologically recognizable also with the help of IHC [3,25].  

The introduction of NGS allowed to investigate the genetic basis of these anomalies [26] and the recent literature has 

identified genes and pathways that are more often associated with these diseases. Typical examples are: PIK3CA-

mTOR pathway and its related genes as TEK/TIE2, RAS-MAPK pathway and GNAQ and GNA11 genes [8,24].  

Mutations in these genes are usually associated with discernible clinical and histological features. PIK3CA mutations 

are more frequent in LM, pure or combined with other vMs. These are also related to syndromes with overgrowth, 

named PROS, acronym for PIK3CA related overgrowth spectrum [27].  

TEK/TIE2 mutations are often related to VMs [28], while GNAQ and GNA11 gene mutations are related frequently 

with Sturge Weber Syndrome and CMs [29-30] and RASA1 mutations are associated to AVMs and CM-AVM [7].   

However, the correlation between genotype and phenotype is not always present. So, despite of a clinical and/or 

histological picture we can surmise a specific gene mutation without certainty.  
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Could the IHC help us to improve in detecting the genes involved in the genesis of  vMs? 

In this study we recognized that the combined evaluation of CD10 and CD34 expression in endothelial and stromal cells 

is a possible tool to suggest or support the presence of a mutation in specific pathways. 

CD10 and CD 34 expression gained our attention as stem cells markers.  

CD10 is an important regulator shared by different tissues and it has been used as a cell surface marker of stem cells in 

many normal tissues [31].  

We found CD10 expression both in endothelial and stromal cells in the cases with mutations in PIK3CA/mTOR 

pathway.  More precisely, in PIK3CA-group, CD10 was often expressed more intensely in endothelial than stromal 

cells (figure n.3). CD10 positive endothelium belongs to venous, capillary or lymphatic vessels. CD10 positive stromal 

cells were present from superficial dermis to adipose or fibrous-adipose tissue and showed the same (or slightly less 

than so) intensity of staining of endothelial cells. Its expression in malformed vessels of PIK3CA-group was an 

unexpected yet easy detectable finding although it is not used as endothelial marker, while CD10 expression in 

lipomatosis and fibro-lipomatosis was already described [10]. The relationship between CD10 expression and the 

mutation of PIK3CA is not clear. The CD10 signaling pathway interferes with PIK3CA pathway in different points,  

directly and indirectly through PTEN, finally influencing endothelial cell growth and angiogenesis [32-33]. However, 

we do not know the cause-effect relationship between PIK3CA gene mutation and CD10 expression, because the former 

could interfere on the latter. For this reason we speculate that a primary alteration of PIK3CA pathway interferes with 

the CD10 expression through a feed-back positive mechanism. One case with PIK3CA mutation did not show CD10 

endothelial expression. This data could be explained by the inadequacy of the sample or simply due to tissue over-

fixation. 

We found an association between CD10 endothelial expression in cases with other mutations in the PIK3CA pathway, 

as in TEK. However, in TEK-group a high endothelial CD10 expression was not accompanied by the same strong 

expression in the soft tissue surrounding the vMs (figure n.4).  These data support our idea that there is a relationship 

between a PIK3CA pathway gene mutations and the expression of CD10. The reason why  this marker is reduced in the 

stroma of the mutated TEK-group remains unexplainable at present. It might be related to the fact that the TEK gene is 

involved in the PIK3CA/mTOR pathway in an indirect way only. Anyway the lower CD10 expression found in the 

stromal cells of the TEK-group is a feature that allows to distinguish that from PIK3CA-group.  

The expression of CD34 is less significant than that of CD10 to differentiate the PIK3CA-group from the others, even if 

there is a statistical difference between PIK3CA and no-PIK3CA-group. Conversely, TEK-group maintained a high 
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expression of CD34 in endothelial cells and in stromal tissue too (figure n.5). The intensity was lower as compared to 

the no-PIK3CA-group and neg-group even if with lower statistical relevance. The association between decreased 

expression of CD34 in endothelium and mutation in PIK3CA pathway can be related to a CD34 low expression in 

lymphatic vessels, that are more frequently associated with PIK3CA mutation if malformed [10,34].  On the other side 

CD34 positive, multipotent mesenchymal stem cells have been shown to have a greater propensity for endothelial trans-

differentiation [11] and the complexity of expression of CD34 in endothelium during the different phases of 

angiogenesis and differentiation could be influenced by the effects of PIK3CA mutations in lowering its expression. 

Finally, the alternating expression patterns of CD10 and CD34 that we found in some endothelial cells of PIK3CA-

group and especially in TEK-group was already documented in different tissues of fetuses where their alternating 

expression was suggested to have a role in differentiation and proliferation [9]. 

In conclusion, in our experience, a vM can show a peculiar immunohistochemical profile that can suggest the presence 

of a specific mutation. In particular, the expression of CD10 and CD34 could suggest or support the alteration of 

PIK3CA/mTOR pathway. Indeed, samples with PIK3CA gene mutation usually express high level of CD10 with a 

mutual decrease in CD34 expression both in endothelial and stromal cells. Also, cases with a mutation in TEK gene 

showed high CD10 expression limited to the endothelium. On the other side, cases with low CD10 and high CD34 

expression in endothelial and stromal cells could correspond to vMs without genetic mutation of the PIK3CA pathway.  

In any case, the expression of  CD10 and CD34 could be useful when gene analysis has not yet been conducted or gives 

erratic results. This last possibility could be due to the low mutation frequency of the PIK3CA pathway genes found in 

some cases. Furthermore, the evaluation of the expression of these markers could be particularly useful when the vMs 

network is partially hidden by soft tissue overgrowth. 

At last it could be of interest to take in mind that CD10 is an enzyme against which inhibitors drugs are used in 

cardiovascular diseases [35]. The confirmation of CD10 overexpression in PIK3CA mutated vMs could be the first step 

to think it as a possible target for a pharmacologic treatment also in this kind of diseases. 
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Figure 1 Combined Score of CD10 and CD34 in endothelial and stromal cells  

Figure 2 CD10 and CD34 expression in endothelium and stromal compartment. The bar graphs represent the 

expression level of: CD10 in the endothelium (panel A), CD10 in the stromal compartment (panel B), CD34 in the 

endothelium (panel C) and CD34 in the stromal compartment (panel D). Data are reported as immunohistochemical 

score (IHC score). The PIK3CA-group refers to the samples (n = 28) bearing PIK3CA mutation; the neg-group (n = 11) 

refers to the samples bearing no mutations; the TEK-group (n = 6) refers to the samples bearing TEK mutation; the no-

PIK3CA-group refers to the samples (n = 13) bearing mutations other than PIK3CA. Significance was evaluated by 

one-way ANOVA, followed by Tukey's multiple comparisons post-test. Panel A: ANOVA, P<0.0001; Tukey's post-

test: *, P < 0.05; **, P < 0.01; ****, P < 0.0001. Panel B: ANOVA, P = 0.0024; Tukey's post-test: *, P < 0.05. Panel C: 

ANOVA, P = 0.0006; Tukey's post-test: *, P < 0.05; ***, P < 0.0005. Panel D: ANOVA, P = ns. 

Figure 3 Expression of CD10 and CD34 in endothelium and stroma in samples with mutation of different genes 

(PK3CA group, TEK group and no-PIK3CA group) 
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Table 1: Combined Score achieved summing Proportion and Intensity Score   

Proportion Score (P) (%) Intensity score (I) 

0- 0 ≤10 0-Negative 

1- 11≤25 1-Weak staining 

2- 26≤50 2-Moderate staining 

3- ˃50 3-Intense staining 

 
Combined Score (T) 

 

 (T) = Proportion score (P) + Intensity score (I)  

Score 0-1          Negative  

Score 2             1+  

Score 3 - 4        2+ 

Score 5 - 6        3+ 
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Table 2: Clinical data and histotype. (y): years; F: female; M: male; PWS: Parker-Weber Syndrome; SWS: Sturge-

Weber Syndrome; KTS: Klippel-Trenaunay Syndrome; GSD: Gorham-Stoud Disease. Multiple biopsies: Patient 27 (3 

samples); Patients 22, 29 and 37 (2 samples) 

Patients Age (y) Gender Phenotype Histotype Site 

1 7 M Overgrowth LVM right lower limb  

2 18 F KTS CLM left lower limb 

3 32 F KTS VM left lower limb 

4 43 M VM VM cheek 

5 9 M Overgrowth CLVM right lower limb 

6 15 M Overgrowth CM right hemisome and bilateral toes  

7 20 M Overgrowth VM left hemisome 

8 5 F Overgrowth LM right trunk 

9 1 M Macrodactily LVM left hand second finger  

10 11 F KTS CLM left leg 

11 20 F PWS CLVM face, trunk,  right footh second finger  

12 1 F Overgrowth LM left foot 

13 1 F Overgrowth LM right hemiface 

14 7 M Overgrowth CM right hip 

15 4 M Overgrowth LM left lower limb  

16 14 M Overgrowth CLM face, trunk and lower limbs 

17 6 F  LM LM left thigh 

18 21 F  KTS CLVM left lower limb 

19 5 F Overgrowth LVM chest and axillary bilaterally 

20 9 F Macrodactily  CM  left foot second finger 

21 13 F KTS LVM left lower limb 

22 13 F KTS LVM left lower limb 

22 5 F KTS CLM left upper limb 

23 24 M KTS VM left lower limb and abdomen 

24 8 F Overgrowth  CLVM left trunk 

25 57 F  Macroglossia LVM tongue 

26 3 M  Macroglossia LM tongue 

27 5 M KTS LM left foot 

27 5 M KTS CLVM toe right foot 

27 5 M KTS LVM left lower limb 

28 15 F Overgrowth CLVM right hemisome  

29 26 M KTS CLM bilateral lower limbs 

29 27 M KTS CLM bilateral lower limbs 

30 9 F KTS CVM left lower limb 

31 23 F Macrodactily CLM left toes  and right foot 

32 12 F Overgrowth CLM left lower limb 

33 20 F AVM AVM right hemiface 
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34 17 F LM LM left hemiface 

35 15 M GSD LVM hepatic hilus 

36 19 M VM AVM lower limb   

37 17 F Overgrowth CLM left lower limb 

37 17 F Overgrowth CLM left lower limb 

38 14 F Overgrowth CM left lower limb 

39 17 F Overgrowth CLM right lower limb and trunk  

40 8 M Overgrowth VM feet, front and toungue  

41 16 M PWS CVM limbs and face 

42 4 F PWS CM left hemisome 

43 13 F SWS CLM right cervical region 

44 22 F SWS CM right upper lip  

45 1 F SWS LM left thigh 

46 2 F PWS CM left arm 

47 0.5 M SWS CM right lower limb 

48 6 F SWS+KTS CM left hemisome  

49 10 F SWS CM back 

50 15 F KTS LM left lower limb and genitalia  

51 37 M  Overgrowth AVM right hemiface 

52 17 M KTS VM right lower limb 

53 52 M AVM AVM tongue 
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Table 3: CD10 and CD34 endothelial (end.) and stromal (str.) score related to genes mutations (mut.)    

Patients CD10 end. CD10 str. CD34 end. CD34 str. mut. 

1 3 1 2 3 PIK3CA 

2 3 0 1 1 PIK3CA 

3 1 0 1 3 PIK3CA 

4 3 1 1 1 PIK3CA 

5 3 3 0 0 PIK3CA 

6 1 0 3 2 PIK3CA 

7 2 1 3 2 PIK3CA 

8 2 2 1 3 PIK3CA 

9 3 3 1 2 PIK3CA 

10 2 0 2 3 PIK3CA 

11 1 0 1 1 PIK3CA 

12 2 2 0 3 PIK3CA 

13 3 3 0 2 PIK3CA 

14 1 1 3 1 PIK3CA 

15 1 2 2 0 PIK3CA 

16 1 0 2 3 PIK3CA 

17 0 3 3 0 PIK3CA 

18 3 2 0 2 PIK3CA 

19 2 1 2 1 PIK3CA 

20 0 0 2 2 PIK3CA 

21 3 3 0 3 PIK3CA 

22 3 3 1 2 PIK3CA 

22 3 2 0 2 PIK3CA 

23 3 2 2 2 PIK3CA 

24 3 0 0 3 PIK3CA 

25 2 1 1 2 PIK3CA 

26 3 3 0 2 PIK3CA 

27 2 0 0 1 PIK3CA 

27 0 0 3 3 NEG. 

27 0 0 3 3 NEG. 

28 3 3 1 1 NEG. 

29 1 3 2 0 NEG. 

29 1 3 3 0 NEG. 

30 1 2 3 2 NEG. 

31 1 0 3 3 NEG. 

32 2 2 3 2 NEG. 

33 0 1 3 3 NEG. 

34 2 1 0 2 NEG. 

35 2 2 1 3 NEG. 

36 1 0 3 3 TEK 

37 1 0 3 2 TEK 

37 0 0 3 0 TEK 
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38 2 0 2 2 TEK 

39 3 0 3 2 TEK 

40 3 0 1 2 TEK 

41 0 0 3 3 GNA11 

42 0 0 3 2 GNA11 

43 0 0 3 3 GNAQ 

44 0 1 3 3 GNAQ 

45 0 0 3 3 GNAQ 

46 0 0 3 2 GNAQ 

47 0 2 3 0 GNAQ 

48 0 0 0 1 GNAQ 

49 0 0 3 2 GNAQ 

50 1 0 3 2 KRAS 

51 0 2 3 3 KRAS 

52 0 0 2 1 NF1 

53 0 0 3 2 SOS1MAP2 
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HIGHLIGHTS 
 
 

- Some vascular malformations are related to a lot of gene mutations as PIK3CA, TEK, 
GNAQ and GNA11     

- CD10 and CD34 are two stem progenitor cell/mesenchymal markers  
- Their expression is unknown in vascular malformations 
- A correlation between CD and CD34 expression in endothelium and stroma was found in 

vascular malformation with defined gene mutations 
- This discover could be useful in diagnosis and therapy of these diseases 

 
 


