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Aberrant cytoplasmic connexin43 expression as a helpful
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expressed Cx in humans and is attributed an important role in skin tumor develop-
ment. Its role in cutaneous vascular neoplasms is yet unknown.

Methods: Fifteen cases each of cutaneous angiosarcoma (cAS), Kaposi sarcoma (KS),
and cherry hemangioma (CH) were assessed by immunohistochemistry for expression
of Cx43. Expression pattern, intensity, and percentage of positively stained cells were
analyzed. Solid basal cell carcinomas served as positive and healthy skin as negative
controls.

Results: Most cases of cAS presented with a strong Cx43 staining of almost all tumor
cells, whereas endothelia of KS showed medium expression and CH showed mostly
weak expression. In comparison with KS or cAS, the staining intensity of CH was sig-
nificantly lower (P < 0.001). All tissue sections of both cAS and KS were characterized
by a mostly diffuse, cytoplasmic staining pattern of the vascular endothelia. None of
those showed nuclear staining.

Conclusion: The high-to-intermediate expression of Cx43 observed in all cases of
cAS and KS suggests that this Cx may play a role in the development of malignant

vascular neoplasms and serve as a helpful diagnostic marker.
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1 | INTRODUCTION

neoplasms).? Based on cellular behavior, the latter can be categorized

as benign, locally aggressive/borderline, or malignant! and must be

Classification of cutaneous vascular anomalies remains a challenge
because of their broad spectrum of clinical and histopathological
appearances. According to the 20th International Society for the Study
of Vascular Anomalies (ISSVA) workshop, vascular anomalies should be
classified as either vascular malformations (originating from a mesen-

chymal stem cell defect) or vascular tumors (true proliferative

differentiated from vascular malformations especially from a thera-
peutic/prognostic point of view.? In general, the histopathologic
growth pattern is decisive for distinction of benign and malignant
lesions. While malignant tumors proliferate chaotically without a rec-
ognizable pattern, benign neoplasms follow a conservative organoid
growth pattern. However, differential diagnosis of vascular tumors
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can be challenging because both clinical features (ie, size and multi-
focality) and histomorphology with supplementary immunohistochem-
ical staining (ie, expression of endothelial markers) are often quite
similar.

Gap junction (GJ)-mediated intercellular communication (GJIC) is
a fundamental mechanism for the maintenance of cellular homeostatic
balance. GJs are involved in the control of cell proliferation, differenti-
ation, cell death, and gene expression.*> Each GJ is composed of six
connexin (Cx) proteins on each side of the channel that determine the
permeability and regulatory properties of the GJ channel.® Cxs are
transmembrane proteins expressed by various cell types including
keratinocytes, fibroblasts, melanocytes, and endothelial cells that
allow cell-to-cell communication via GJs and distant intercellular com-
munication through hemichannel formation.”® Therefore, they are
crucial for normal tissue development, differentiation, and cell prolif-
eration.*?"11 Cx43 is perceived to be the most broadly expressed Cx
in humans, being also present in both the epidermis and dermis.*?13
At present, there is evidence that Cx43 plays important roles both in
wound repair and skin tumor development.'*1? As the expression of
Cx43 has not yet been studied in cutaneous vascular neoplasms, we
here analyzed its expression in cAS and KS and compared it with CH

and normal skin.

2 | MATERIALS AND METHODS

21 | Case selection and data assessment

Within a retrospective setting, we randomly retrieved 45 histopatho-
logical specimens from 45 individual patients with cutaneous
angiosarcoma (cAS), Kaposi sarcoma (KS), or cherry hemangioma
(CH) from our archives. In addition, clinical data were collected from
the patients' files. The study was conducted according to the Declara-

tion of Helsinki.

2.2 | Immunohistochemical studies

All paraffin-embedded sections were reviewed by one derm-

atopathologist (H. K.) and one dermatologist with special interest in

dermatopathology (V. G. F.) under blinded conditions regarding prior

diagnosis and the patients' clinical outcome at time of evaluation.
Immunohistochemistry for Cx43 was performed on 5-um tissue

sections, which were deparaffinized in xylol and rehydrated in graded

alcohol. For antigen retrieval, slides were overlaid with antigen

retrieval solution (Dako, Hamburg, Germany) and incubated in satu-
rated steam for 30 minutes. For staining, slides were incubated
with an anti-Cx43 antibody (#C6219, Sigma-Aldrich, Darmstadt,
Germany; 1/4000 dilution) using the Dako Autostainer plus (Dako)
and the Dako REAL Detection System Alkaline Phosphatase/RED
(#K5005Dako, Dako).

When evaluating immunohistochemistry, we distinguished among
membranous, cytoplasmic and nuclear patterns of staining. In addition,
staining was marked as diffuse (when the entire tumor sample was
stained) or focal (when some tumoral areas were not stained). Immu-
nostaining was scored by analysis of five representative sections at
x 20 magnification using a semi-quantitative approach (Table 1) that
considers the percentage and intensity of positively stained tumor
cells. Staining intensity was assessed in relation to the positive epider-
mal layer. Each tumor specimen was scored once; multiple tissue sec-
tions representing the same tumor were averaged. Any discrepancies
were reassessed to yield an ultimate consensus. Solid basal cell carci-
nomas (n = 10) served as positive and healthy skin (fringe area of tis-
sue sections after tumor surgery for epithelial neoplasms, n = 10) as

negative control.

2.3 | Statistical analysis

Descriptive statistics are presented as mean + SD. Unpaired t test
was used to assess statistical significance (with P values at significance
levels of <0.05 (*), <0.01 (**) or <0.001 (***) as indicated. Statistical
analysis was performed using GraphPad Prism 5.0 (GraphPad software
Inc., San Diego, California, USA).

3 | RESULTS

All tissue sections were unanimously diagnosed as cAS (n = 15), KS
(n = 15), or CH (n = 15) by histomorphology and immunohisto-
chemistry for ERG, CD31, CD34, and/or HHV8 where necessary.
Table 2 provides selected clinical data including tumor sites for all
patients included. All patients underwent surgery between 2006
and 2020. In the cAS cohort, most of the patients (67%) were males
and the most common localization was the head area (forehead,
cheek, nose, scalp; 73%). The median age in this cohort was
73 years (range 57-90). Most of the KS patients (67%) were males.
The median age was 66 years (range 42-92) and tumors mostly
localized at the lower extremities (foot, lower, or upper leg; 67%).

In the CH cohort females prevailed (53%) and patients turned out

Positive cells, % Points Intensity Points Points subsumed Total score TA BLE 1 Scor{ng of .
immunohistochemical connexin43 (Cx43)

0 0 None 0 0-1 0 staining

1-33 1 Weak 1 2-3 1

34-66 2 Intermediate 2 4-5 2

67-100 3 Strong 3 6 3
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TABLE 2 Patients' clinical characteristics and connexin43 (Cx43) staining

Cx43
Entity Sex Age Localization Management Recurrence Prognosis Pattern Score
cAS_1 M 57 Cheek S,C/R Y Palliative d, c 3
cAS_2 F 72 Trunk S Y RFU d,c 3
cAS_3 M 75 Temporal S,C/R Y Palliative d, c 2
cAS_4 M 73 Nose S,R Y RFU d,c 2
cAS_5 M 84 Nose S,C/R Y Palliative d, c 2
cAS_6 F 90 Scalp S,R Y Palliative d,c 3
cAS_7 M 61 Scalp S,C/R N RFU d,c 3
cAS_8 F 78 Trunk S,C/R Y Palliative d, c 8
cAS_9 F 69 Scalp S,C/R Y RFU d,c 3
cAS_10 M 84 Scalp S,R NA LFU d,c 2
cAS_11 M 79 Forehead S,R NA LFU d,c 3
cAS_12 M 64 Scalp S,C/R NA RFU d,c 3
cAS_13 M 66 Upper leg S Y RFU d, c 3
cAS_14 F 66 Trunk S NA RFU d,c 3
cAS_15 M 76 Forehead S,C/R NA RFU d, c 3
KS_1 F 88 Foot R N Palliative d,c 2
KS_2 M 66 Upper arm IFNa N RFU d,c 2
KS_3 M 52 Foot R, IFNa N RFU d,c 2
KS_4 M 69 Hand R, IFNa Y LFU d,c 2
KS_5 F 79 Lower leg IFNa Y RFU d, c 2
KS_6 M 64 Foot IFNa Y RFU d,c 2
KS_7 M 81 Foot R, IFNa Y RFU d,c 2
KS_8 M 64 Upper leg R Y RFU d, c 2
KS_9 M 53 Foot HAART N RFU d,c 2
KS_10 W 67 Upper leg S NA LFU d,c 2
KS_11 M 42 Upper leg NA NA LFU d, c 3
KS_12 M 92 Foot R LFU d,c 2
KS_13 W 49 Shoulder R LFU d,c 2
KS_14 w 88 Forearm S LFU d,c 2
KS_15 M 60 Forearm S RFU d,c 2
CH_1 M 52 Forearm S NA NA d,c/m 1
CH_2 M 68 Forearm S NA NA d, c/m 1
CH_3 F 59 Trunk S NA NA d, c¢/m 2
CH_4 M 52 Upper leg S NA NA d, c/m 2
CH_5 M 26 Nose S NA NA d, c¢/m 2
CH_6 F 51 Upper leg S NA NA d, c¢/m 2
CH_7 F 66 Trunk S NA NA f,c/m 1
CH_8 F 22 Trunk S NA NA f,c/m 1
CH_9 M 51 Trunk S NA NA f,c/m 1
CH_10 F 74 Upper leg S NA NA f,c/m 1
CH_11 F 45 Trunk S NA NA f,c/m 2
CH_12 F 40 NA S NA NA d, c¢/m 2
CH_13 F 54 Nose S NA NA d, c/m 1
CH_14 M 62 Trunk S NA NA d, c/m 1
CH_15 M 59 Trunk S NA NA d, c/m 1

Note: Age at time of biopsy [years].

Abbreviations: C, chemotherapy; c, cytoplasmic; cAS, cutaneous angiosarcoma; CH, cherry hemangioma; d, diffuse; F, female; f, focal; HAART, highly active anti-retroviral
therapy, because of underlying HIV infection; IFNa, systemic therapy with interferon (IFN) a-2a (Roferon®); KS, Kaposi sarcoma; LFU, lost to follow-up; M, male; m,
membranous; NA, not available/applicable; R, radiation; RFU, regular follow-ups; S, surgery.
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FIGURE 1 Immunohistochemical staining for connexin43 (Cx43) in vascular neoplasms. A,B, cAS; C,D, KS; and E,F, CH stained with H&E and
Cx43, respectively. All micrographs were taken at x40 magnification, inlays at x200. G, Quantification of Cx43 staining according to a weak (1),
medium (2) and strong (3) score, n = 15 each group. ***P < 0.001

FIGURE 2 Immunohistochemical staining for connexin43 (Cx43) as compared to CD31 expression in vascular tumors. A-C, cAS and, D-F, KS
stained for Cx43 and CD31. A,C,D,F, x200 magnification; B,E, x400 magnification

to be younger (median 52 years, range 22-74). CH lesions were Table 2 also summarizes the anti-Cx43 staining patterns and
predominantly present at the trunk (50%; one localization not scores. Most cases of cAS (73%) presented with a strong staining with

available). almost all endothelial cells being positive (Figure 1A,B). In KS samples,
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FIGURE 3 Positive and negative
controls. Basal cell carcinoma stained
with, A, H&E and, B, connexin43
(Cx43) serving as positive control.
Healthy donor skin (HDS) stained
with, C, H&E and, D, Cx43 serving as
negative control. All x40
magnification, inlays x200

the score for both the percentage of Cx43-positive cells and the
staining intensity was lower (Figure 1C,D) while endothelia of CH
stained considerably weaker (Figure 1E,F). Overall, the staining inten-
sity of CH was significantly lower than that in KS or cAS (Figure 1G;
P < 0.001). All tissue sections of both cAS (Figure 1B, inlay) and KS
(Figure 1D, inlay) showed an essentially identical immunohistochemi-
cal pattern with a mostly diffuse and cytoplasmic staining of the vas-
cular endothelia while CH slides were difficult to assess because of
their physiological single layer of endothelial cells and an overall weak
staining. We observed a diffuse staining pattern with cytoplasmic
and/or membranous localization in most cases of CH (67%). None of
the investigated vascular neoplasms presented with a nuclear staining.
All cases (except a third of CH samples that showed focal staining)
were characterized by a homogenous staining pattern over the whole
tissue slide.

As compared to immunohistochemical staining with CD31, malig-
nant vascular tumors (cAS, KS) expressed a similar staining pattern for
Cx43 with prominent lining of endothelial cells and some diffusely
positive tumor cells and fibroblasts in the periphery (Figure 2). All
reviewed basal cell carcinomas were strongly positive for Cx43
(Figure 3A,B), whereas healthy skin showed no Cx43 staining of endo-
thelia of the superficial vascular plexus but positivity of the suprabasal

epidermis and hair follicles (Figure 3C,D).

4 | DISCUSSION

Cx43 is attributed an important role in skin tumor development*2°
and tumor angiogenesis.? We therefore aimed at gaining novel

insight into the expression of Cx43 in cutaneous vascular neoplasms.

In order to obtain the most differentiated picture possible between

benign and malignant entities, we chose to investigate benign CH,??
borderline malignant KS,2® and highly aggressive cAS?* as reference
cases from our archives. Using tissue samples that could be clearly
attributed to either entity by histomorphology and if necessary immu-
nohistochemistry, we attempted to assess the potential relevance of
anti-Cx43 immunolabeling for their diagnosis.

CHs, also known as Campbell de Morgan spots, adult hemangi-
omas or senile angiomas, are circumscribed vascular proliferations of
newly formed venule-like blood vessels in a lobular pattern in the pap-
illary dermis without signs of malignant morphology.?2 KS, on the
other hand, is considered a borderline malignant tumor derived from
lymphatic endothelial cells.?® cAS is a rare aggressive soft tissue neo-
plasm arising from endothelial cells. All forms of cAS have a very poor
prognosis and recur frequently.2* The usually ill-defined lesions are
characterized by irregular, anastomosing, and dilated vascular struc-
tures with pleomorphic endothelium that may be misinterpreted as
hemangioma or lymphangioma, particularly in cases where only a
superficial biopsy specimen is available. Poorly differentiated cAS can
be difficult to distinguish from other cutaneous carcinomas such as KS
or melanoma.?® Therefore, it is useful to assess a panel of endothelial
markers such as von Willebrand factor, CD31, CD34, FLI1, and ERG
since individual antibodies tend to be variably positive in different
tumors. As for KS, CD31, and CD34 are the most frequently used
immunohistochemical markers in supporting the diagnosis of cAS.2628
Even if labeling for CD31 is widely applied in the diagnosis of malig-
nant vascular tumors,2* there may be diagnostic pitfalls since CD31 is
also expressed by other cell lineages.??

Interestingly, Cx43 expression assessed by immunohistochemical

scoring correlated with the aggressiveness of the vascular neoplasm
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in our study. However, scoring has not been evaluated to allow prog-
nostic conclusions for cAS or KS. The expression of Cxs had earlier
been described to correlate with a bad prognosis in some tumoral
lineages,'? but Cxs levels may paradoxically predict a better prognosis
in other tumors depending on the entity.3°-32

Cxs are normally expressed on cell surfaces as membranous pro-
teins that build blocks of GJs, which play a role in regulating cell prolif-
eration and apoptosis.3® Previous studies suggested that aberrant
cytoplasmic localization of Cxs and, therefore, disturbance of GJIC
could be of relevance for carcinogenesis, invasion, and metastasis in
carcinomas, melanoma, and leukemia.®3®” Cx components are stored
in the cytoplasm and dysfunctional trafficking decreases the uptake of
Cxs by the cell membrane from the cytoplasm.33%83% Cx43 forms
channels in the cell membrane which result in a membranous staining
upon immunolabeling with an anti-Cx43 antibody. However, in KS
and cAS staining is mainly found in the cytoplasm of tumor cells.
Therefore, we assume that the aberrant cytoplasmic expression of
Cx43 in malignant vascular tumors might be related to a defect in GJ
assembly associated with increased Cx retention as well. This lack of
GJIC by retention of Cx43 has also been observed in gastric,*%4!
pancreatic,42 and breast cancer.*>** In addition, an abnormal or aber-
rant cytoplasmic expression seen upon immunohistochemical staining
is not uncommon in other oncoproteins. For example, CD117 is
expected to show a membranous staining pattern, whereas a cyto-
plasmic and globular/dot-like staining is also frequently encoun-
tered.*® In accordance with these findings and a similar report on
atypical fibroxanthoma,'® our data suggest that Cx43 may play a role
in tumorigenesis of KS and cAS. The localization of Cx43 in CH could
not be reliably evaluated due to the morphological properties of
benign vascular tumors such as CHs. Therefore this study can only
hypothesize that in benign vascular tumors Cx43 is localized in mem-
branes and/or cytoplasm. However, it has to be kept in mind that
because of a lack of Ki-67 labeling and failure of growth of the endo-
thelial cells in culture,*® CH has been suggested of being rather a soft
tissue overgrowth than a true neoplasm. In contrast, Groesser et al*’
reported RAS mutations in 20% of cases, indicating that at least some
cases were neoplastic in nature. This is in accordance with recent
studies reporting that the majority of investigated CHs showed
MIB1-positive cells?? and diffusely expressed WT-1, GNA14, GNAQ,
and GNA11 mutations, thus providing solid evidence to establish it as
a benign vascular neoplasm.*® For this reason, it is speculative if Cx43
in CHs should show a membranous or cytoplasmic staining.

5 | CONCLUSION

The prominent expression of Cx43 in all cases of cAS and KS studied
suggests that this Cx may play a role in the development of malignant
vascular neoplasms. Our observations may help to contribute to our
understanding of angiomatous lesions and perhaps facilitate classifica-
tion of vascular tumors in the further course. Larger patient cohorts
are necessary to validate our findings and to study their potential

diagnostic and prognostic/predictive value.
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