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Expression of p16 protein in infantile hemangioma
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Abstract. The present study aimed to investigate the expres-
sion and significance of pl6 in the occurrence, development
and regression of infantile hemangioma (IH). The expression
of pl6 was examined in proliferating, involuting hemangioma
and normal tissues using immunohistochemical techniques.
The expression of pl6 was significantly lower in prolifer-
ating hemangioma than in involuting hemangioma, and was
significantly lower in the involuting hemangioma than in
normal tissues. Significant differences were found between
the three groups (P<0.05). The results indicate that p16 may
be important in the regression of IH endothelial cells and in
anti-angiogenesis. There is a certain association between pl6
expression and the regression of hemangioma. This provides
a theoretical basis for the further study of the pathological
mechanisms of pl6 in hemangioma and potential gene thera-
pies that may treat this disease.

Introduction

Infantile hemangioma (IH) is the most common soft-tissue
tumor of infancy. It is benign tumor with an incidence of up
to 10%. IH is typically not present at birth, however, it may
arise following rapid proliferation within the first weeks of
life. This is followed by a plateau stage, and a subsequent slow
involution of the lesion, such that 60% of 4-year-olds and 76%
of 7-year-olds with the condition will experience complete
regression of the hemangioma. Characterized by a prolifera-
tion of endothelial cells, the pathogenesis of hemangioma is
currently unclear (1,2). In recent years, the development of
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advanced molecular and cellular biology technologies has led
to more in depth research on the cell cycle and its regulation
mechanisms. Tumor suppressor genes, with their unique struc-
tures, biological activity and essential roles in the cell cycle,
have accordingly become an important area of investigation.

Tumor suppressor genes, also known as anti-oncogenes,
are present in normal cells and inhibit cell transformation
and tumor occurrence (3,4). pl6 is a tumor suppressor gene
that is able to block the G, to S phase transition of the cell
cycle, thereby inhibiting cell proliferation; in certain tumors,
abnormal expression of this gene and protein may also
promote the apoptosis of tumor cells. Aberrant pl6 underex-
pression may cause cell proliferation and lead to cancer, the
mechanism of which has been confirmed through research
conducted in numerous tumor types; pl6 inactivation most
commonly occurs as a result of gene mutation or 5'CpG
island methylation (5). The pl16 gene and its protein have been
found to be altered in the majority of human primary tumors,
including melanoma, head and neck cancers, glioma and
gastric cancer (6,7). However, the expression of pl6 protein in
IH has not been reported.

The purpose of the present study was to detect pl6 protein
expression by immunohistochemical methods in hemangioma
and normal tissues, and to investigate the mechanism and
significance of the protein in the occurrence, development and
regression of hemangioma, in order to provide novel insights
into the clinical treatment of hemangioma.

Materials and methods

Patients. Between January 2001 and June 2006, a total of
80 patients with ITH, who had undergone surgery and were
pathologically diagnosed with hemangioma at Stomatological
Hospital of Jiamusi University (Jiamusi, China), were enrolled
in this study. Paraffin-embedded hemangioma tissue blocks
and clinical data were obtained for 38 males and 42 females,
who were of a minimum age of 2 months and a maximum
age of 4 years. The hemangiomas were located on the scalp,
forehead, eyelids, neck, back, arms, legs, hands or feet. The
patients underwent no auxiliary treatment. Paraffin blocks
were cut into 4-ym thick sections, which were each cut into
two pieces, for the detection of pl6 protein and hematoxylin
and eosin (HE) staining. After HE staining, the paraffin
blocks were grouped, according to the Mulliken classifica-
tion standard (8), into 40 cases of proliferating hemangioma
and 40 cases of involuting hemangioma, with tumor-adjacent
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Table I. p16 expression in normal tissue, involuting hemangioma tissue and proliferating hemangioma tissue.

p16 expression, n

Groups n - + ++ +++ Positive rate, % P-value
Normal tissue 26 4 2 4 16 84.62 0.001*
Involuting hemangioma 40 19 4 7 10 52.50 0.018°
Proliferating hemangioma 40 31 5 2 2 22.50 0.016°

roliferating hemangioma vs. normal tissue; "Involuting hemangioma vs. normal tissue; ‘Proliferating hemangioma vs. involuting heman-
“Proliferating h It Involuting h It “Proliferating hi luting h

gioma.
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Figure 1. Immunohistochemical analysis. (A) Very strong expression of pl6 protein in the normal tissue cells. (B) Strong expression of p16 protein in the
involuting hemangioma. (C) Weak expression of pl6 protein in the proliferating hemangioma. (D) Negative control where the primary pl16 was replaced by

phosphate-buffered saline. Magnification, x200.

normal tissues in 26 cases used as controls. The study was
approved by the Ethics Committee of the Stomatological
Hospital of Jiamusi University. Written informed consent was
obtained from the patient's families.

Immunohistochemistry. The 4-um sections were deparaf-
finized in xylene followed by hydration in a graded series of
alcohols. Antigen retrieval was performed by immersing the
section in 0.5 M citrate buffer (pH 6) at room temperature,
and placing it into a microwave oven for 20 min. Endog-
enous peroxidase activity was blocked by incubation in 3%
H,0, for 20 min at room temperature. Subsequent to being
rinsed in Tris-buffered saline (TBS; pH 7.4), the sections
were incubated with primary rabbit anti-pl6INK4a mono-
clonal antibody (Wuhan Boster Biological Technology Ltd.,
Wuhan, China; dilution, 1:2 in TBS) at 4°C overnight. In the
negative control, the primary antibody was replaced with
phosphate-buffered saline. Subsequent to being washed with
TBS three times for 5 min each, the sections were incubated
with a biotin-labeled goat anti-rabbit IgG secondary antibody
(Wuhan Boster Biological Technology Ltd.). The sections

were counterstained with 3-3'-diaminobenzidine (Wuhan
Boster Biological Technology Ltd.) followed by hematoxylin.
The slides were washed under running water and mounted
with DPX. The protein expression was then scored as follows:
negative (-), <25% positive cells; weak (+), 25-50% positive
cells; strong (++), >50-75% positive cells; and very strong
(+++), >75% positive cells.

Statistical analysis. The data are expressed as number of
cases and percentage. Categorical data was analyzed using the
y” test. SPSS 15.0 software (SPSS Inc., Chicago, IL, USA) was
used for all data analyses. P<0.05 was considered to indicate a
statistically significant difference.

Results

Upon immunohistochemical staining, the positive expression
of pl6 protein was shown as brown-yellow granules, mainly
in the cytoplasm and partially in the nucleus. The normal
tissue cells exhibited a large number of brown-yellow granules,
indicating that the expression of pl6 protein was very strong



(Fig. 1A), with a positive rate of 84.62%. The expression level of
pl6 protein was different in the different types of hemangioma.
In the involuting hemangioma, numerous brown granules were
deposited in the endothelial cell, indicating that the expression
of pl6 protein was strong (Fig. 1B), with a positive rate of 52.5%.
In the proliferating hemangioma, less brown granules were
deposited in the endothelial cells, indicating that the expression
of pl6 protein was weak (Fig. 1C), with a positive rate of 22.5%.
The expression level of pl6 protein in the proliferating heman-
gioma was lower than that in the involuting hemangioma. The
expression level of pl6 protein in the involuting hemangioma
was lower than that in normal tissue. These differences were
statistically significant (P<0.05) (Table I).

Discussion

Molecular studies have shown that tumor development is closely
associated with the cell cycle. Normal cells possess a dynamic
balance between proliferation and the inhibition of proliferation,
so as to ensure the normal growth of the organism. When this
balance is broken, the components for promoting proliferation
cause overexpression or the components for inhibiting prolifera-
tion cause underexpression; with this, cell proliferation becomes
uncontrolled and tumors form. pl6 is a tumor suppressor gene,
located in chromosomal region 9p21, with a total length of
8.5 kb and containing 3 exons and 2 introns. The p16 protein is
encoded by a single polypeptide chain of 15.84 kDa, containing
148 amino acid residues, and is involved in the regulation of
cell growth. The pl6 protein is a cyclin dependent kinase
(CDK)4/CDKG6 inhibitor, and CDK4/CDKG6 is the key factor
for the G,/S phase transition in the cell cycle. pl6 protein is
specifically combined with CDK4/CDK®6, and its inactiva-
tion prevents the phosphorylation of Rb protein, which means
that the Rb gene cannot relieve the inhibition of transcription
factors, thereby preventing the cells from passing from the G,
phase to the S phase. This therefore inhibits cell proliferation,
making pl6 a key negative regulatory factor in the process of
cell proliferation (9-11). The p16 gene and its protein are altered
in the majority of human primary tumors, including gliomas,
melanoma, head and neck cancer and gastric cancer (12-14).

Inactivation (deletion or mutation) and 5' CpG island
methylation are the main forms of change for the p16 protein.
Kamb et al (15) analyzed 290 tumor cell lines and found that
133 of these cell lines, including lung cancer and leukemia cell
lines, showed deletion of the pl6 gene; the gene deletion rate
was 25% in glioma and the mutation rate was 85%. In breast
cancer, and cancer of the head and neck, the mutation rates were
60 and 30%, respectively. pl6 gene deletion, mutation or hyper-
methylation cause cells to undergo uncontrolled proliferation,
and are thus some of the major factors in the occurrence and
development of tumors (7,15).

Hemangioma is a benign tumor with endothelial cell hyper-
plasia; the condition occurs in infants, with a pathogenesis that is
unknown. The current view is that endothelial cell hyperplasia,
the aggregation process and microvessel lumen formation are
the core of vascular tumor growth. A previous study revealed
that endothelial cells in the proliferative phase were in an imma-
ture state and had strong proliferative capability (16).

The expression of pl6 protein in IH was detected by
immunohistochemistry in the present study. The experimental
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results showed that the expression level of pl6 protein in the
proliferating hemangioma was lower than that in the invo-
luting hemangioma, with a significant difference (P<0.05),
and that the expression level of pl6 protein in the involuting
hemangioma was lower than that in the normal tissue, with
a significant difference (P<0.05). Based on the results of the
present study, it is hypothesized that the pl6 protein is present
at a low level of expression in proliferating hemangioma
and is only partially expressed by endothelial cells; it there-
fore cannot inhibit the hemangioma endothelial cell CDK4/
CDKG6 activity, and is unable to prevent the cell from entering
the G, phase to S phase transition. Thus, cell proliferation
becomes uncontrolled, leading to the excessive proliferation of
the endothelial cells, accelerating hemangioma proliferation.
In the period of hemangioma regression, the expression of pl6
protein is increased, thus inhibiting the hemangioma endothe-
lial cell CDK4/CDKG6 activity, leading to cell cycle arrest, the
inhibition of the proliferation of the hemangioma endothelial
cells, and promoting the involution of IH.

Hemangioma is a type of angiogenic disease (17). The
results of the present study indicate that endothelial cell
proliferation and angiogenesis are not the result of a single
factor; each process may be a result of the participation of
multiple genes and factors. The pl6 protein was the first
protein molecule identified to have tumor suppressor func-
tions (9). Due to the high frequency of deletion and mutation
in numerous primary tumors, restoring normal function of
the pl6 gene in tumor cells is a potential method of inhib-
iting tumor cell proliferation. The p16 gene has the following
features: cDNA molecules are small and easy to manipulate;
the pl6 protein is also able to specifically inhibit CDK4/
CDKG6 so, as an antitumor drug, it has a specific target; in
comparison to other genes the mutation rate is high, and
mutations are observed in numerous primary tumors (18).
Therefore, the pl6 gene may become an important candidate
gene for gene therapy. By increasing the p16 protein level of
a patient, it may be possible to prevent the proliferation of
hemangioma endothelial cells.

From the results of the present study, we speculated that
the p16 protein plays a role in inhibiting the proliferation of
hemangioma endothelial cells and in anti-angiogenesis. There
is a certain association between pl16 and the regression of
hemangioma. This provides a theoretical basis for the further
study of the pathological mechanisms of pl6 in hemangioma
and potential gene therapies that may treat this disease.
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