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ORIGINAL STUDY

Activation of PKCa and PI3K Kinases in Hypertrophic
and Nodular Port Wine Stain Lesions

Rong Yin, MD,*† Lin Gao, MD, PhD,* Wenbin Tan, MD, PhD,‡ Wei Guo, MD,*
Tao Zhao, MD,* Jhon Stuart Nelson, MD, PhD,‡§ and Gang Wang, MD, PhD*

Abstract: Port wine stain (PWS) is a congenital, progressive
vascular malformation. Many patients with PWS develop hypertrophy
and discrete nodularity during their adult life, but the mechanism(s)
remain incompletely understood. In this study, we attempted to
investigate activation status of PKCa, PI3K, PDPK1 and PLC-g
and protein levels of PP2A and DAG to explore their potential roles
in the formation of hypertrophic and nodular PWS lesions. We found
phosphorylated levels of PKCa, PI3K, PDPK1, and PLC-g and pro-
tein levels of PP2A and DAG showed moderate increases in the
endothelial cells of hypertrophic PWS as compared to the adjacent
normal skin. These increases extended throughout the entire stroma of
blood vessels in PWS nodules. Many proliferating cells, such as
fibroblasts, also showed strong activation of PKCa, PI3K, PDPK1
and PLC-g and upregulations of PP2A and DAG in nodular PWS
lesions. Our data showed that there is aberrant activation of PKCa,
PI3K, PDPK1 and PLC-g and upregulation of PP2A and DAG mainly
in endothelial cells in hypertrophic PWS areas, but presenting in the
entire vasculatures and surrounding fibroblasts in PWS nodules. Our
data suggest that both PKCa and PI3K signaling pathways contribute
to the development of hypertrophy and nodularity in adult PWS.

Key Words: port wine stain, PI3K, PKCa, PLC-g, PDPK1, vascular
malformation

(Am J Dermatopathol 2017;39:747–752)

INTRODUCTION
Port wine stain (PWS) is a congenital, progressive

vascular malformation of human skin involving the superficial

vascular plexus that occurs in estimated 3–5 children per 1,000
live births.1–3 Because most malformations occur on the face,
PWS is a clinically significant problem in the majority of pa-
tients. Personality development is adversely influenced in vir-
tually all patients by the negative reaction of others to
a “marked” person. Detailed studies have documented lower
self-esteem in such patients and problems with interpersonal
relationships.4–6

In childhood, PWS are flat red macules, but lesions
tend to darken progressively to purple and, by middle age,
often become raised as a result of the development of
vascular nodules.7,8 The late-stage cobblestoning appear-
ance of PWS subjects is comprised by not only pro-
nounced vascular ectasia with proliferation of thin and/or
thick-walled vessels and their stroma, but also numerous
epithelial, neural and mesenchymal hamartomatous abnor-
malities.9 Despite these histologic observations, the spe-
cific mechanisms involved in PWS nodular formation
remains unclear. Our previous data have shown a sequen-
tial activation profile of various kinases during different
stages of PWS.10 In one nodular PWS subject, we found
that phosphatidylinositol 3-kinases (PI3K)/protein kinase
B (AKT) and phosphoinositide phospholipase C g subunit
(PLC-g) were activated in both hypertrophic areas and
nodules within the lesion.10 These observations led us to
hypothesize that the PI3K pathway may play an important
role in nodular formation. In this study, we attempt to
further investigate the phosphorylation levels of various
kinases involved in the PI3K pathway, including
3-phosphoinositide-dependent protein kinase-1 (PDPK1),
protein kinase C alpha (PKCa), protein phosphatase 2a
(PP2A), PI3K, 1,2-Diacylglycerol (DAG) and PLC-g, in
hypertrophic and nodular PWS lesions.

MATERIALS AND METHODS

Patients and Tissue Samples
The study was approved by the Investigational Review

Board at the Xijing Hospital, Xi’an, China. A total of 21 PWS
biopsy samples, including 8 hypertrophic, 8 nodular PWS
specimens, and 5 specimens from adjacent normal skin 0.5–
1 cm away from PWS lesions, were obtained from 13 subjects
and deidentified for this study. Two normal adult skin sam-
ples were retrieved from the skin biopsy tissue bank from our
department to serve as normal controls. We categorize PWS
nodules into 2 types based on their histopathological charac-
terizations. Type 1 is mainly composed of large ectatic, thick
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or thin-walled blood vessels. Type 2 has vascular lobules as
the vascular proliferative sites. It is composed of massive
capillaries and venule-like vasculatures with both ectatic
and/or nonectatic blood vessels. Nodular patients may present
either one or both types of nodules within their lesions. The
clinical history of PWS subjects and list of biopsy samples are
showed in Table 1.

Histology
Skin specimens were fixed in Bouin’s solution over-

night. Then, they were dehydrated, cleaned, and embedded
in paraffin and sectioned to 5 mm thick. The sections were
stained with hematoxylin and eosin (H&E) and photographed
under an optical microscope.

Immunohistochemistry
Routine immunohistochemistry procedures were used

as follows. Briefly, the fresh biopsy tissue was fixed in 10%
buffered formalin (Fisher Scientific, Pittsburgh, PA) and
processed for permanent paraffin embedding on an ASP
300 tissue processor (Leica Microsystems, Bannockburn, IL).
Approximately 6-mm-thick paraffin sections were cut and
collected. Antigen retrieval was performed in 10 mM sodium
citrate buffer (pH 6.0) at 97 8C for 4–5.5 hours. Sections were
then incubated in a humidified chamber overnight at 4 8C with

the following primary antibodies: anti-p-PI3K (Santa Cruz
Biotech., Santa Cruz, CA), anti-p-PKCa (Abcam, Cambridge,
MA), anti-p-PLC-g (Santa Cruz Biotech), anti-p-PDPK1
(Santa Cruz Biotech), anti-PP2A (Abcam), and anti-DAG
(Abcam). Biotinylated anti-mouse and anti-rabbit secondary
antibodies were incubated with the sections for 2 hours at
room temperature after the primary antibodies’ reaction. An
indirect biotin avidin diaminobenzidine (DAB) system (Dako,
Glostrup, Denmark) was used for detection. The cellular
immunoreactivity score was evaluated using a system previ-
ously reported by Populo et al.11 Briefly, four scales were
used to evaluate the immunoreacive (IR) intensity scores:
0 (no staining), 1+ (weak), 2+ (intermediate), and 3+ (strong
staining). Two scales were used to assess the percentage
scores of IR cells: 1 (#30%) and 2 (.30%). The final immu-
noreactivity scores of each antibody were estimated by mul-
tiplying the IR intensity and percentage scores, which were
categorized as follows: 0 (negative), 1 (low), moderate (2, 3,
and 4), and 6 (high).11 The summary of antibodies we used
and their resources were listed in Table 2.

RESULTS
Typical pathological features of vascular anomalies were

observed in a series of biopsies from adjacent normal skin to

TABLE 1. Clinical Description of Adult PWS Subjects and Types of Biopsied Samples

Patient
Number Gender Diagnosis

Treatment
History

Other Vascular
Malformations

Type of Biopsied
Samples

1 M PWS face, hypertrophic None No Hypertrophic

2 M PWS face, hypertrophic PDL No Hypertrophic

3 M PWS, upper-middle back,
nodular

None No Nodular type 2

4 M PWS, chest, nodular None No Nodular type 2

5 M PWS face, nodular None No Adjacent skin, hypertrophic,
Nodular type 1, Nodular type 2

6 M PWS face, hypertrophic PDL No Hypertrophic, Adjacent skin,

7 M PWS face, nodular None No Nodular type 2

8 M PWS face, nodular PDL No Nodular type 1, Adjacent skin,

9 F PWS face, nodular PDL No Nodular type 1, Nodular type 2

10 M PWS face, hypertrophic None No Hypertrophic

11 F PWS face, hypertrophic None No Hypertrophic, Adjacent skin,

12 F PWS neck, hypertrophic PDL No Hypertrophic

13 F PWS face, hypertrophic None No Hypertrophic, Adjacent skin,

14 F Normal face None No Normal skin

15 M Normal face None No Normal skin

TABLE 2. Summary of the Antibodies Used in This Study

Antibody Clone/Catalog Epitope Species Dilution Source

p-PI3K polyclonal p85a-Tyr 467 Rabbit 1:100 Santa Cruz Biotech., Santa Cruz, CA

p-PKCa monoclonal Phospho S657 + Y658 Rabbit 1:100 Abcam, Cambridge, MA

p-PLC-g polyclonal Tyr 783 Goat 1:100 Santa Cruz Biotech., Santa Cruz, CA

p-PDPK1 polyclonal Ser 241 Rabbit 1:100 Santa Cruz Biotech., Santa Cruz, CA

PP2A monoclonal PP2A a + b Y119 Rabbit 1:500 Abcam, Cambridge, MA

DAG polyclonal DAG1 Goat 1:100 Abcam, Cambridge, MA
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hypertrophic areas to nodules within the lesions obtained from
one facial nodular PWS subject (Fig. 1, Table 1, subject #5).
Some capillaries and venule-like vasculatures in the reticular
dermis in the normal adjacent skin showed mild enlargement
(Fig. 1A), indicating the presence of some initial pathological
changes. In the areas of PWS hypertrophy, there were numer-
ous ectatic, thick or thin-walled vasculatures engorged with
blood throughout the entire dermis (Fig. 1B). The nodules
arising from PWS hypertrophied regions usually had one or
both of the following types of structures: type 1 was mainly
composed of large ectatic, thick or thin-walled blood vessels;
and type 2 contained vascular lobules that appeared as

proliferating vascular sites that were composed of massive
capillaries and venule-like vasculatures, with both ectatic or
nonectatic blood vessels. The proliferation of pericytes and
fibroblasts was present in both cases, but more evident in type
2 (Fig. 1D) as compared to type 1 nodules (Fig. 1C).

In the normal skin adjacent to PWS, endothelial cells
(ECs) in those nondilated blood vessels showed very mild IR
signals for the p-PI3K, p-PKCa, p-PLC-g, and p-PDPK1.
Some scattered pericytes and fibroblasts with moderate IR
signal for these antibodies were also observed. The early
dilated blood vessels showed an increase in activation of
these kinases (Figs. 2, 3). In hypertrophic PWS, ECs and
a small portion of pericytes showed moderate to strong acti-
vation of PI3K, PKCa, PLC-g, and PDPK1. The scattered IR-
positive fibroblasts could also be observed. Strong activation
of PI3K, PKCa, PLC-g, and PDPK1 was shown in all ECs
and the majority of replicated pericytes and fibroblasts that
surrounded PWS blood vessels in the nodules (Figs. 2, 3).
There were scattered individual ECs, pericytes, and fibro-
blasts with very mild to moderate activation of PI3K, PKCa,
PLC-g, and PDPK1 in normal skin. The relative IR intensity
scores of p-PI3K, p-PKCa, p-PLC-g, and p-PDPK1 showed
a progressive increase from normal skin to hypertrophic to
nodular PWS, which were positively correlated with PWS
pathological progression (Fig. 4).

In normal skin adjacent to PWS lesions, there was no
obvious IR signal observed. A mild IR signal for PP2A could
be mainly observed in some scattered pericytes and fibroblasts
(Fig. 3). A moderate expression of DAG was observed in
approximately two-thirds of ECs and a few scattered pericytes
in hypertrophic lesional areas. In nodules, all ECs and a few
scattered pericytes and fibroblasts had a moderate-to-strong IR
signal for DAG. PP2A showed a moderate expression level in
all ECs and a few scattered pericytes in hypertrophic lesional
areas, but it had a very strong IR signal throughout the entire
thickened blood vessels, including ECs, replicated pericytes and
fibroblasts, in nodules (Fig. 3). The increase in relative IR inten-
sity scores of DAG and PP2A correlated with the pathological
progression of PWS lesions (Fig. 4).

DISCUSSION
There have been 2 long-standing hypotheses regard-

ing the pathogenesis of PWS birthmarks. One is a lack of
nerve innervation to blood vessels contributing to develop-
ment of PWS; the other is genetic mutations causing PWS,
which is now favored by many researchers. Recent studies
have suggested that sporadic somatic mutations of guanine
nucleotide-binding protein, G alpha subunit q (Gnaq)
(R183Q) and phosphatidylinositol 3-kinase catalytic, alpha
polypeptide (Pi3kca) are linked to the vascular phenotypes
of PWS.12–14 Shirley et al13 first discovered a low-
frequency somatic mutation in the Gnaq gene (c.548
G/A, p.R183Q) present in PWS lesions. We and Cuoto
et al further identified that Gnaq (R183Q) is primarily pres-
ent in blood vessels (60%)15,16 and/or in connective tissue
(30%)16 and hair follicle/glands (20%)16 in PWS lesions.
These data suggest that pluripotent cells with Gnaq
(R183Q) may give rise to multilineages in PWS.16 Another

FIGURE 1. Histopathology of vascular anomalies in adjacent
normal skin (A), hypertrophic area (B), and 2 types of nodules
within the lesions from a PWS nodular subject (C, D) (#5).
H&E staining. The blue insets are higher magnifications of the
yellow boxed areas.
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important candidate gene is Pi3kca where a mutation
(p.G1049N) has been identified in PWS nodular lesions.12

Other somatic mutations, such as p.C420R, p.E542K,
p.E545K, p.H1047R and p.H1047L, have been found in
lymphatic and vascular malformation disorders.14 These
findings suggest that Pi3kca alone or together with other
genetic alterations, such as Gnaq mutations or environmen-
tal factors, contribute to the development of PWS. The
mutation status of the Pi3kca and Gnaq genes in these
PWS subjects studied here is unknown, which will be a sub-
ject of future study.

Finley proposed in 1984 that the cobblestoning appear-
ance of the skin surface, thickening, and discrete nodular
growths that develop during the adult life of PWS subjects
was the result of pronounced vascular ectasia and prolifer-
ations of thin and/or thick-walled vessels and their stroma.17

However, the detailed molecular mechanism(s) underlying
hypertrophy and the formation of nodules within PWS lesions
remain obscure. Our previous data from limited nodular biop-
sies have indicated that PI3K and PLC-g are activated in
PWS nodular lesions. Furthermore, the Pi3kca mutation
(p.G1049N) has been identified in nodular lesions from one
PWS subject,12 which may contribute to the activation of
PI3K. Moreover, Pi3kca mutations have been identified in
many other vascular malformations, such as venous and lym-
phatic malformations.18,19 This evidence leads us to hypoth-
esize that the PI3K and PLC-g pathways play important roles
in PWS nodular development. In this study, we performed

a full investigation of the activation profiles of PI3K, PKCa,
PLC-g, and PDPK1 in PWS nodules. We found that all of
them have strong activation in PWS ECs in ectatic thin or
thick-walled blood vessels and in proliferated pericytes and
fibroblasts, which directly supports our hypothesis. This
study, together with our previous reports,10,20 is the first time
that the molecular pathological signaling pathways underly-
ing PWS hypertrophy and nodularity have been revealed.

Nodules are estimated to occur in 44% of untreated
patients with an average age onset of 22 years21; other reports
show that the nodular percentage in mixed subjects with treated
or untreated PWS is approximately 10% with a mean onset in
the 20–39-year age group.22,23 These variations are probably
due to early laser intervention, which can significantly delay
the onset of PWS nodularity. Hypertrophy and nodularity
respond poorly to most vascular lasers.24–28 Thus, new treat-
ments are required for managing this challenging clinical prob-
lem. In our previous investigations, we have proposed that
a better PWS therapeutic outcome might be achieved with
PDL combined with the administration of antiangiogenesis
agents.29–32 In this study, we have confirmed that PKCa,
PI3K, PLC-g, and PDPK1 are strongly activated in PWS nod-
ular lesions, suggesting their pivotal roles in nodular formation.
Therefore, laser combined with administration of inhibitors of
these kinases, and their associated pathways, may be a poten-
tially novel therapeutic strategy for nodular PWS subjects.

In summary, we have shown a progressive activation of
PKCa, PDPK1, and PLC-g and increases in the expression of

FIGURE 2. Activation of PI3K, PKCa,
and PLC-g in the blood vessels from
different types of PWS lesions.
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PP2A and DAG in PWS hypertrophic and nodular lesions,
which are positively correlated with the pathological progres-
sion of this disease. Our data have confirmed that both PKCa
and PI3K signaling pathways play very critical roles in the

development of PWS hypertrophy and nodularity, suggesting
potential applications of antagonists to these kinases as a pos-
sible treatment strategy for hypertrophic and nodular PWS.
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