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Overexpression of Annexin A1l is associated with the
formation of capillaries in infantile hemangioma
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Abstract. Infantile hemangioma is a common benign tumor
in infants. However, the molecular mechanism that controls
the proliferation and differentiation of hemangioma is not well
understood. Annexin Al (ANX Al) is a phospholipid-binding
protein involved in a variety of biological processes, including
inflammation, cell proliferation and apoptosis. To explore the
significance of ANX Al in the process of proliferation or
differentiation of hemangioma, proliferating and involuting
hemangioma tissues were collected to detect the expression of
ANX Al using immunohistochemistry and western blotting.
Normal skin tissues were used as the negative control. The results
revealed that ANX Al was upregulated in the proliferative
phase of hemangioma, and its expression was decreased when
the hemangioma entered the involuting phase. Additionally, in
the proliferative phase, the strongest staining of ANX Al was
observed in newly born capillaries, and the staining of ANX Al
became weaker in enlarged vessels, indicating that ANX Al
plays an important role in promoting the formation of capil-
laries. The expression of hypoxia-inducible factor (HIF)-1a
was positively associated with the expression trend of ANX Al,
suggesting that the overexpression of ANX Al may be associ-
ated with the increase of HIF-la. In summary, the results of
the present study revealed that the expression of ANX Al was
increased in proliferating hemangioma tissue, and that high
expression of ANX Al may be closely associated with the
formation of capillaries in infantile hemangioma.

Introduction

Infantile hemangioma is a benign vascular neoplasm with
abnormal proliferation of vascular endothelial cells. It is the
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most common benign tumor in infants and children, with an
incidence of 4-5% (1,2). The development of infantile heman-
gioma can generally be divided in two phases, namely, the
proliferative phase and the involuting phase. The majority of
hemangiomas can naturally subside after 1-5 years without the
need for intervention (3); however, ~10% of infantile heman-
giomas with a particular location and large size may develop
functional or life-threatening complications (4). Treatment of
extensive hemangioma is diverse and difficult, and is accompa-
nied with a risk of scar formation, organ dysfunction or tumor
recurrence after medical intervention (5). With the continuous
development and progress of gene therapy research, numerous
studies have focused on the exploration of target genes, and
various genes associated with hemangioma proliferation
and differentiation have been identified (6,7). However, the
molecular mechanism that controls the proliferation and
differentiation of hemangioma is not well understood.

Annexin Al (ANX Al) is a 37-kDa calcium and phos-
pholipid-binding protein involved in a variety of biological
processes, including inflammation, cell proliferation and
apoptosis (8). ANX Al was initially widely studied in inflam-
matory reactions, but subsequent studies found that the change
in the expression level of the protein was associated with the
formation and development of different types of malignant
tumors (8,9). The expression changes of the ANX Al gene in
different cell lines vary. It has been reported that the expres-
sion of ANX Al was significantly increased in colorectal
cancer, melanoma, pancreatic cancer and hepatocellular
carcinoma (10-13), while it was reduced in esophageal and
prostate cancer (14). ANX Al was reported to play a key
role in the differentiation of various types of cells. During
the differentiation of oral squamous cell carcinoma, it has
been demonstrated that the expression of ANX Al increases,
while downregulation of ANX Al significantly inhibits the
differentiation process (15). Upregulation of ANX Al was
observed in the differentiation process of C2C12 myoblasts,
which induces the transforming growth factor-f§ signaling
pathway in-turn promoting differentiation (16). However,
Vishwanatha er al (17) reported that knocking down the
ANX Al gene promoted B lymphocytes to differentiate into
non-Hodgkin's lymphoma-like cells. The aforementioned
studies have confirmed that ANX Al plays an important role
in regulating tumorigenesis.
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However, the study of ANX Al protein in infantile heman-
gioma has not been reported. Whether the proliferation and
differentiation of infantile hemangioma are associated with
ANX Al is worthy of investigation. In the present study,
proliferating and involuting infantile hemangioma tissues were
collected to detect the expression of ANX Al, and to explore
the significance of ANX Al in the process of proliferation or
differentiation of hemangioma.

Materials and methods

Reagents and antibodies. The following antibodies were
used for immunohistochemical and western blot analyses in
the present study: Anti-hypoxia-inducible factor (HIF)-1a
antibody (product code ab51608; Abcam), anti-ANX Al
antibody (product code ab88865; Abcam), anti-phosphory-
lated (p)-44/42 mitogen-activated protein kinase (MAPK)
(Thr202/Tyr204) rabbit monoclonal antibody (mAb) (product
no. 4370; Cell Signaling Technology, Inc.), anti-p44/42 MAPK
rabbit mAb (product no. 4695; Cell Signaling Technology,
Inc.), anti-acetyl-a-tubulin rabbit mAb (product no. 5335;
Cell Signaling Technology, Inc.), goat anti-rabbit IgG H&L
(DyLight® 488; product code ab150077; Abcam), goat
anti-mouse (DyLight® 647; product code ab150115; Abcam)
and goat anti-rabbit/mouse IRDye-800CW secondary anti-
bodies (product nos. 926-32211 and 926-32210, respectively;
LI-COR Biosciences). The immunohistochemical staining kit
(cat. no. DO1-18) was purchased from OriGene Technologies,
Inc.

Collection of clinical specimens. A total of 30 patients
with hemangioma admitted to Minzu Hospital of Guangxi
Zhuang Autonomous Region (Nanning, China) between
March 2019 and October 2020 were selected as research
subjects. The age of the patients ranged between 6 months
and 5 years. The cohort consisted of male and female patients
(13 males and 17 females) of Asian ethnicity and different
body weights. None of the patients had received any treat-
ment before the surgery. Pathological examination was used
to confirm the diagnosis of hemangioma after surgery. In
addition, normal skin tissues of patients with cleft lip were
excised during cheiloplasty and used as a negative control in
the present study.

The use of tissue samples in the present study was
conducted with the authorization of the patients or their
relatives. The present study was approved by the Bioethics
Committee of Minzu Hospital of Guangxi Zhuang Autonomous
Region [approval no. (2018)12; Nanning, China].

Hematoxylin and eosin (H&E) staining to identify
hemangioma pathologically. Hemangioma tissues were
preserved in a 10% neutral buffered formalin at room temper-
ature for 24 h. The tissues were embedded in paraffin and cut
into slices with a thickness of 5 ym. After permeabilization
and dehydration, the slices were washed with PBS three
times, and then incubated with a hematoxylin dye solution at
room temperature for 5 min. Subsequently, the tissue sections
were stained with eosin at room temperature for 2 min. The
H&E-stained sections of hemangioma tissues were examined
under a light microscope (BX53; Olympus Corporation).

Immunohistochemical analysis. Hemangioma specimens were
fixed in 10% neutral buffered formalin at room temperature for
24 h, and then were embedded in paraffin and cut into slices of
5 pum in thickness. Paraffin sections were deparaffinized and
incubated with 5% normal goat serum (product no. PH0424;
Phygene Scientific) for 10 min at room temperature. After
blocking and incubation with a mouse anti-ANX Al mAb
(at 1:500 dilution; product no. ab88865; Abcam) at 4°C over-
night, the sections were washed three times with PBS and then
incubated with streptavidin-peroxidase-conjugated secondary
antibodies (product no. D01-18; OriGene Technologies, Inc.) at
room temperature for 10 min. The specimens were incubated
for 5 min with a 3,3'-diaminobenzidine solution. Positively
stained cells were detected under a light microscope. The
expression levels of ANX Al were quantified by determining
the integral optical density (IOD) using Image Pro Plus 6.0
(Media Cybernetics, Inc.).

Double-label immunofluorescence. The paraffin sections
were prepared as previously described for immunohistochem-
istry. Paraffin sections were thoroughly washed in PBS and
blocked with 1% BSA/10% normal goat serum/0.3 M glycine
in 0.1% PBS-Tween-20 at room temperature for 1 h. Sections
were then incubated overnight at 4°C with mouse polyclonal
to ANX Al (product code ab88865; Abcam) and rabbit poly-
clonal to HIF-1a. (cat. no. ab51608; Abcam) antibodies at a
dilution of 1:200. The secondary antibodies used were goat
anti-rabbit IgG H&L (DyLight® 488) and goat anti-mouse
(DyLight® 647) at a dilution of 1:500, at room temperature
for 1 h. Nuclei were counterstained with 5 zg/ml of DAPI for
5 min at room temperature,. Protein expression was observed
using a fluorescence microscope.

Western blot analysis. Proteins were extracted from
the hemangioma tissues using a lysis buffer containing
0.5% Nonidet P-40, 10 mM Tris (pH 7.4), 150 mM NacCl,
1 mM EDTA and 1 mM Na,;VO,. Protein concentrations
were determined using a BCA protein assay kit. Total
proteins (30-40 ug/lane) were separated by 10% SDS-PAGE
and then transferred onto nitrocellulose membranes for
1.5 h at 100 mA. Next, the membranes were blocked with
BSA-Tween-20 (containing 3% TBS and 0.05% Tween-20)
for 1 h at room temperature. Appropriate dilutions of the
primary antibodies against ANX Al (1:1,000 dilution;
product code ab88865; Abcam), HIF-1a (1:2,000 dilution;
product no. 5335), p-ERK1/2 (1:1,000 dilution; product
no. 4370) and total-ERK1/2 (1:1,000 dilution; product
no. 4695; all from Cell Signaling Technology, Inc.) were used
to incubate the nitrocellulose membranes at 4°C overnight,
respectively. Subsequently, the membranes were incubated
with a fluorescent dye-conjugated secondary antibody
IRDye-800CW (1:10,000 dilution; product no. 926-32211
or 926-32210; LI-COR Biosciences) at room temperature
for 1 h. Blots were visualized using the Odyssey Imaging
System (LI-COR Biosciences). Densitometric analysis was
performed using Quantity One 4.6.2 software (Bio-Rad
Laboratories, Inc.).

Statistical analysis. All experiments were repeated three
times for data analysis. The results are presented as the
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Figure 1. Histopathological analysis of hemangioma tissues. (A) Normal
skin, (B) involuting hemangioma and (C) proliferative hemangioma tissue
staining by hematoxylin and eosin. The red arrow in B indicates apoptotic
bodies in endothelial cells. The red arrows in C indicate the formation of
small capillaries. Scale bar, 20 M.
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Figure 2. Detection of ANX Al expression using western blot analysis.
Detection of ANX Al expression in Cont (normal skin tissue), IH and PH
by western blot analysis. Tubulin was used as an internal control and the
expression of ANX Al protein was quantified using densitometric analysis.
ANX Al was upregulated in PH and IH compared with Cont. Each data point
represents the mean + SD. “P<0.01 vs. Cont; “P<0.01 vs. IH. n=15 for each
group. ANX Al, Annexin Al; Cont, control; IH, involuting hemangioma;
PH, proliferative hemangioma.

mean + SD. An unpaired Student's t-test was used to compare
differences between two groups, and an one-way ANOVA
followed by a Tukey's post hoc test was used to compare differ-
ences between three groups. All analyses were performed

Table I. Expression of Annexin Al in hemangioma and normal
skin tissue.

Groups 10D No. of cases
Normal skin 24.59+8.37 6
Involuting hemangioma 55.82+9.80° 6
Proliferating hemangioma ~ 126.09+20.65*" 6

Each data point represents the mean + SD. *P<0.01 vs. normal skin;
"P<0.01 vs. involuting hemangioma. n=15 for each group. IOP, inte-
gral optical density.

using SPSS 25.0 software (IBM Corp.). P<0.05 was considered
to indicate a statistically significant difference.

Results

Histopathological analysis of the hemangioma tissues. To
observe the histopathological morphology of hemangioma
tissue sections, they were stained with H&E. According to the
morphology of vascular endothelial cells, the hemangiomas
were divided into a proliferative phase group and an involution
phase group. A total of 15 samples were classified as prolif-
erative hemangioma. Microscopic observation of proliferative
hemangioma revealed that the vascular endothelial cells were
densely packed and formed small capillaries (Fig. 1C). These
endothelial cells exhibited enlarged nuclei and an abundance
of clear cytoplasm. The proliferative capillaries formed a lobu-
lated arrangement and were separated by slender fibrous septa.
The other 15 cases were classified as the involution phase. The
numbers of capillaries and pericytes had decreased, which was
accompanied by enlargement of the vascular lumen (Fig. 1B).
In addition, apoptotic bodies were observed in the endothelial
cells and pericytes. By contrast, the normal skin of the control
group had few blood vessels with a small lumen (Fig. 1A).

Western blot analysis of ANX Al expression. To detect the
expression levels of ANX Al in hemangioma tissues in an
accurate manner, western blotting was used to detect the
changes in the expression levels of ANX Al in the proliferative
and involuting hemangioma tissues. The results demonstrated
that the expression levels of ANX Al in both the proliferating
and involuting hemangioma tissues were higher than those in
the control group (normal skin tissue; P<0.01). However, the
expression levels of ANX Al in involuting hemangioma were
lower than those in proliferating hemangioma (P<0.01; Fig. 2).
These data suggested that increased ANX Al expression may
be associated with the development of hemangioma.

Localization of ANX Al in hemangioma tissues. To determine
the intracellular localization of ANX Al, immunohistochem-
ical analysis of hemangioma tissues was performed. A total
of 6 samples were randomly selected from each group for
immunohistochemical analysis. In the control group (normal
skin tissues), only a small number of fibroblasts were positive
for ANX Al (Fig. 3A). As revealed in Fig. 3B and C, ANX Al
was primarily expressed in the nucleus and cytoplasm of



4 PAN et al: OVEREXPRESSION OF ANX Al IN INFANTILE HEMANGIOMA

' +

Figure 3. Detection of ANX Al using immunohistochemical staining. Immunohistochemical staining of ANX Al expression in (A) normal skin, (B) involuting
hemangioma and (C) proliferative hemangioma. ANX Al was strongly expressed in both proliferative hemangioma and involuting hemangioma compared
with normal skin tissue. Red arrows in C indicate a strong positive reaction of ANX Al in the newly born capillaries. Scale bar, 20 yM. ANX Al, Annexin Al.
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Figure 4. Detection of HIF-la expression using western blot analysis.
HIF-1a expression was detected in Cont (normal skin tissue), IH and PH
by western blot analysis. Tubulin was used as an internal control. HIF-1a
was upregulated in PH and IH compared with Cont. Each data point repre-
sents the mean + SD. "P<0.01 vs. Cont; “P<0.01 vs. IH. n=15 for each group.
HIF-1a, hypoxia-inducible factor-1a; Cont, control; IH, involuting heman-
gioma; PH, proliferative hemangioma.

endothelial cells at both the proliferative and involution phases
of hemangioma. In the involution phase of hemangioma,
ANX Al was mainly expressed in the endothelial cells, and
its expression was markedly lower than that in the prolifera-
tive phase. Of note, in the proliferative phase of hemangioma,
ANX Al showed a strong positive reaction in the endothelial
cells of newly born capillaries. With the continuous expan-
sion of the capillary lumen, ANX1 Al expression gradually
decreased. These results were consistent with those observed
by western blotting. The IOD data of ANX Al are presented
in Table I.

HIF-1a expression in hemangioma. It has been demonstrated
that hypoxia is one of the mechanisms that induces proliferation
of hemangioma endothelial cells (18). HIF-1a is a key regu-
lator of hypoxia signal transduction (19). Therefore, HIF-1a
expression in hemangioma was investigated. It was observed
that the expression levels of HIF-1a in both proliferative and
involuting hemangiomas were elevated compared with those
in the control group (P<0.01). However, the expression levels
of HIF-1a in the involuting phase were significantly lower than
those in the proliferative phase (P<0.01; Fig. 4).

In order to determine whether ANX Al expression
is associated to HIF-la during the proliferation stage of
hemangioma, the double-label immunofluorescence method
was used to detect the localization of HIF-1a and ANX
Al expression in hemangioma tissues simultaneously. As
revealed in Fig. 5, HIF-1a was predominantly localized to

the nucleus of endothelial cells, and positive cells for both
HIF-1a and ANX Al were frequently observed in prolif-
erative hemangiomas. Overall, the number of double-labeled
cells was significantly greater in proliferative hemangioma
tissues than in involuting hemangiomas (proliferative heman-
gioma, 51.46+9.24% vs. involuting hemangioma, 6.51+3.75%;
P<0.01). HIF-1ao and ANX A1 co-labeled cells were not
detected in the control tissues. This phenomenon indicated
that high ANX Al expression may be associated to the
increase of HIF-1a.

Phosphorylation of ERK1/2 in hemangioma. Previous studies
have reported that ANX Al regulates cell proliferation,
apoptosis and differentiation by inducing the activation of the
ERK1/2 signaling pathway (8). Therefore, the present study
further explored the phosphorylation levels of the ERK1/2
pathway in samples exhibiting high expression levels of
ANX Al. The results demonstrated that the phosphorylation
levels of ERK1/2 in the proliferative and involuting heman-
gioma tissues were significantly higher than those in the
control group, and the difference was statistically significant
(P<0.01). In addition, the phosphorylation levels of ERK1/2 in
involuting hemangiomas were lower than those in proliferative
hemangioma (P<0.01; Fig. 6).

Discussion

Endothelial cell proliferation and apoptosis are considered to
be associated with the pathogenesis of hemangioma (20). The
mechanism that regulates the proliferation and migration of
vascular endothelial cells is complex and involves the regula-
tion of multiple cytokines. In previous studies, VEGF, basic
fibroblast growth factor (bFGF), glucose transporter 1 and
MMP were found to be closely associated with proliferation
of hemangiomas (21-23). There are numerous methods to
detect the expression of these factors in patients with infantile
hemangiomas, e.g., by urine, serum, or hemangioma tissue.
The method of urine and serum detection is non-invasive;
however, the accuracy remains to be verified. For example,
serum VEGF and bFGF may exhibit different trends in
different research (24-26). It is more direct and accurate to
analyze gene or protein expression in surgically removed
hemangioma tissues. However, as a popular protein in tumor
research, ANX Al has not yet been detected in infantile
hemangiomas. The present study revealed abnormal ANX Al
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Figure 5. Detection of the localization of HIF-1a. and ANX Al expression in hemangioma tissues. Double-label immunofluorescence of whole-mount sections
showing the co-localization of HIF-1a (green fluorescence) with ANX Al (red fluorescence). Cell nuclei were stained with DAPI (blue fluorescence). The
composite images reveal cells co-labeled with HIF-1a and ANX Al. The arrows indicate cells co-labeled with HIF-1a and ANX Al. Scale bar, 20 M.

HIF-1a, hypoxia-inducible factor-1a; ANX Al, Annexin Al.
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Figure 6. Phosphorylation of ERK1/2 evaluated using western blot analysis.
The phosphorylation level of ERK1/2 in the IH and PH tissues was signifi-
cantly higher than that in the Cont group, and the phosphorylation of ERK1/2
in IH was lower than that in PH. Each data point represents the mean + SD.
“P<0.01 vs. Cont; “P<0.01 vs. [H. n=15 for each group. Cont, control; IH, invo-
luting hemangioma; PH, proliferative hemangioma; p-, phosphorylated.

expression in proliferating and involuting hemangiomas using
western blotting and immunohistochemical methods.

ANX Al is one of the 13 members of the Annexin super-
family. As an epidermal growth factor receptor substrate,
ANX Al is involved in the processes of cell proliferation and
migration (8). ANX Al is widely expressed in multiple tissues,
including epithelial and endothelial cells. A previous study
demonstrated that treatment with ANX Al, ,, increased angio-
genesis and migration of fibroblasts on a heterologous skin
scaffold transplantation model. Furthermore, ANX Al,,, was
demonstrated to increase endothelial cell migration and actin
polymerization in vitro (27). Yi and Schnitzer (28) found that
absence of ANX Al prevented the formation of blood vessels in
tumors, and thus inhibited the growth of tumors. These studies
suggest that ANX Al may be a key regulator in modulating the

balance of pathological and physiological angiogenesis. These
findings suggest that ANX Al may be involved in the prolif-
eration or apoptosis of endothelial cells in hemangiomas. In
the present study, human hemangioma tissues were collected
to investigate whether there is a change in ANX Al expres-
sion in infantile hemangioma. First, ANX Al expression was
examined by western blotting in different phases of heman-
gioma development/progression. The results demonstrated
that the highest expression levels of ANX Al were detected in
proliferating hemangioma tissues, and involuting hemangioma
was associated with lower expression levels of ANX Al, while
normal skin tissues exhibited the lowest expression levels of
ANX Al. However, hemangioma tissue contains a variety of
cells, and western blotting can only detect total tissue proteins.
Therefore, to confirm the observations from western blotting
of hemangioma tissues and to investigate the intracellular
localization of ANX Al, immunohistochemical analysis was
performed to detect ANX Al expression in different phases of
hemangioma and in normal skin tissues. It was revealed that
infantile hemangiomas stained positively for ANX Al during
both the proliferative and involution phases, while the normal
skin tissues exhibited barely detectable staining of ANX Al.
Notably, in the proliferative phase, the strongest staining of
ANX Al was observed in newly born capillaries, and the
staining of ANX Al became weaker in enlarged vessels. This
phenomenon suggested that ANX Al may serve an important
role in promoting the formation of capillaries during the
proliferation of hemangioma. Taken together, the present
results provide original evidence for the increased expression
of ANX Al in the development of infantile hemangiomas,
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indicating that the higher the expression of this protein, the
faster the hemangioma grows.

It has been hypothesized that hypoxia may be a pathogenesis
of infantile hemangioma (18). When tissues suffer from hypoxia,
the expression of hypoxia-induced factors induced by vascular
endothelial cells, including MMP-9, VEGF-A and HIF-la,
promotes the proliferation of vessels, thereby improving the blood
supply of hypoxic tissues (29,30). Under hypoxic conditions, the
protein levels of HIF-1a, which is one of the main transcription
factors, can rapidly increase and regulate the expression of down-
stream hypoxia-responsive genes. It was revealed that hypoxia
induced ANX Al protein expression, and ANX Al expression
decreased when HIF-1a was inhibited, indicating that ANX Al
is a direct regulatory target of HIF-1a (31,32). The present study
demonstrated that HIF-1a expression in proliferating heman-
gioma was markedly higher than that in normal skin tissues,
and that HIF-1a expression was positively associated with the
expression trend of ANX Al. Furthermore, immunofluorescence
results revealed that ~51% of the HIF-1a cells were co-labeled
with ANX Al in proliferating hemangioma. Therefore, it was
hypothesized that the upregulation of ANX Al in the prolifera-
tive phase of infantile hemangioma may be associated with the
increase in HIF-1a expression induced by hypoxia.

The present study revealed that the activation levels of
ERK1/2 in proliferating hemangiomas were markedly higher
than those in normal skin. As hemangiomas entered the invo-
Iuting phase, the activation of ERK1/2 decreased. MAPKs
serve an important role in cell proliferation and angiogenesis.
ERKs are important members of the MAPK family (33). It
has been demonstrated that ERK1/2 can regulate transcription
factors such as c-Jun and activator protein-1, which serve a key
role in regulating angiogenesis factors and inhibitors (34,35).
EGF receptor activation and internalization can lead to the
tyrosine phosphorylation of ANX Al, thereby targeting PI3K
and ERK/MAPK signaling, and exerting important signaling
functions in cell proliferation (36). Pin ez al (37) reported
that the proliferation and differentiation of vascular endo-
thelial cells were markedly inhibited after the application of
microRNA-196a to specifically inhibit ANX Al expression,
and this process was also closely associated with the activa-
tion of the MAPK signaling pathway. ANX Al expression was
upregulated in glioma cells, and downregulation of ANX Al
inhibited glioma cell proliferation via negative regulation of
the activation of the PI3K/AKT signaling pathway (38). The
present study revealed that the activation levels of ERK1/2 in
proliferating hemangiomas were markedly higher than those
in normal skin. As hemangiomas entered the involuting phase,
the activation of ERK1/2 decreased. However, it has been
revealed that hypoxia induced phosphorylation of ERK1/2,
and ERK1/2 inhibitors inhibited hypoxia-induced HIF-la
expression or phosphorylation (39,40). Therefore, whether the
increase of ERK1/2 activity in proliferating hemangiomas is
involved in ANX Al signaling or in hypoxia-induced HIF-1
expression remains to be further investigated.

In summary, the results of the present study demonstrated
that the expression levels of ANX Al were increased in prolif-
erating hemangioma tissues, and the high expression levels of
ANX Al may be closely associated with the formation of capil-
laries in infantile hemangioma. ANX Al may become a marker
for the occurrence and development of infantile hemangioma

in the future and is expected to become a novel target for the
combined genetic treatment of infantile hemangioma.
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