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Abstract: Human cervical cancer oncogene (HCCR) was identified by differential display RT-PCR by screened abnor-
mally expressed genes in cervical human cancers. The overexpressed gene is not only identified in cervical tissues, 
but also in various human cancers as leukemia/lymphoma, breast, stomach, colon, liver, kidney and ovarian cancer. 
For its special sensitivities and specificities in human breast cancer and hepatocellular carcinoma, it is expected 
to be a new biomarker to replace or combine with the existing biomarkers in the diagnose. The HCCR manifests as 
a negative regulator of the p53 tumor suppressor gene, and its expression is regulated by the PI3K/Akt signaling 
pathway, modulated by TCF/β-catenin, it also participates in induction of the c-kit proto-oncogene, in activation of 
PKC and telomerase activities, but the accurate biochemical mechanisms of how HCCR contributes to the malig-
nancies is still unknown. The aim of this review is to summarize the roles of HCCR in cancer progression and the 
molecular mechanisms involved.

Keywords: HCCR, p53, PI3K/Akt signaling pathway, TCF/β-catenin, PKC

Introduction 

The role of oncogenes and tumor suppressor 
genes are the hotspot in the tumor initiation 
and progression. Oncogenes derived from high-
ly conserved proto-oncogenes that are altered 
by chromosomal point mutations, gene amplifi-
cations, or gene rearrangements [1, 2]. The 
structure alteration leads to quantitative or 
qualitative changes in the corresponding pro-
tein, and the oncoproteins participate in the 
signaling pathways which govern fundamental 
cell functions, such as proliferation, cell cycle 
regulation and apoptosis [3].

Human cervical cancer oncogene (HCCR) was 
identified by differential display RT-PCR by 
screened abnormally expressed genes in nor-
mal human cervical tissues and cervical cancer 
tissues. The special fragment was strongly 
expressed in cervical cancer tissue and meta-
static lymph node tissues but not in normal cer-
vical tissues. There was little similarity between 
HCCR and other cDNAs already in the data-
base. Using the partial cDNA as a probe to iden-

tify the full length cDNA, two clones were iso-
lated. The longer one, named human cervical 
cancer -1 oncogene (HCCR-1), encodes 360 
amino acids (~42 KDa). The shorter one, named 
human cervical cancer-2 oncogene (HCCR-2), 
encodes 304 amino acids (~36 KDa) mole-
cules. HCCR-2 lacks exon 1 of HCCR-1. The 
gene location was identified in the chromosome 
12q by FISH analysis [4]. Their coding proteins 
are alternative splicing variants [5], there are 
two potential N-myristylation sites, two poten-
tial phosphorylation sites for protein kinase C, 
N-glycosylation site, and hydrophobic trans-
membrane domain comprising 20 amino acids 
[6], and are expected to be type II membrane 
proteins [4].

HCCR in cancer progression as a potential 
biomarker

Both HCCR-1 and HCCR-2 mRNA were exam-
ined and found overexpressed in human cervi-
cal cancer cell line Hela, leukemia/lymphoma 
cell lines, including chronic myelogenous leuke-
mia cell line K-562, Burkitt’s lymphoma cell line 
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Raji, lymphoblastic leukemia cell line MOLT-4, 
promyelocytic leukemia cell line HL-60, but 
there is low expression in the colon cancer cell 
line SW480, the lung cancer line A549, and the 
melanoma line G361. Increased expression of 
HCCR-2 compared with normal tissue was 
detected in multiple tumor tissue, including 
breast, kidney, ovary, stomach, colon carcino-
mas and leukemia, lymphoma samples [4].

Although the HCCR-1 was first identified in cer-
vical cancer [7], in several reports, the HCCR 
oncoprotein in serum was expected to be used 
as a new biomarker to replace or combine with 
the existing biomarkers in the diagnose of 
human breast cancer and hepatocellular carci-
noma [7-9].

Breast cancer is one of the most frequent 
malignancies among female, and the decrease 
of its mortality benefits from the use of screen-
ing technology for the early disease and devel-
opment of the biomarkers [10]. In the Jing’s 
research [7], serum HCCR concentration were 
detected from 299 subjects by using ELASA 
method, including 129 breast cancer patients, 
24 patients with benign disease, and 158 nor-
mal volunteers, comparisons were also made 
between HCCR and the existing biomarker 
CA15-3. Serological research revealed an 
86.8% sensitivity for HCCR in breast cancer, 
compared to 21.0% for CA15-3. 86 of 98 
(87.8%) patients with breast cancers that were 
negative for CA15-3 were positive for HCCR-1. 
The results clearly showed that the HCCR assay 
had an advantage over CA15-3 in diagnose of 
breast cancer and detection of early stages of 
the disease.

HCCR-1 is also well correlated with known 
breast cancer prognostic markers ER, PR, p53 
mutation and high HER2 overexpression [11], 
in the breast cancer cell lines BT-474, MCF-7, 
SK-BR-3, MDA-MB-231, and breast cancer tis-
sues. An increasing expression level of HCCR-1 
was observed, but HCCR-1 was not detected in 
the ER-negative, PR-negative, p53 negative 
and low HER2 cell lines and breast cancer tis-
sue. Therefore, the HCCR level may also be 
used in the improvement of breast cancer 
prognosis.

Serum alpha fetoprotein (AFP) and hepatic ima-
geology are the only available methods for 
hepatocellular carcinoma (HCC) surveillance 

[12], even serum AFP is still the golden stan-
dard in the HCC diagnostic [13]. However, the 
sensitivity and specificity of AFP are not satis-
fied and the imageology is an operator depen-
dent technology which is limited in the ability to 
distinguish HCC from non-neoplastic lesions as 
regenerative nodules. The recent researches 
revealed that HCCR-1 might be used in combi-
nation with AFP in detection [8]. 25 normal sub-
jects, 32 liver cirrhosis, 116 tissue were tested 
by immunohistochemical method, 120 normal 
524 liver disease patients were evaluate AFP 
and HCCR-1 simultaneously. The sensitivities 
of AFP (20 ng/mL) and HCCR-1(10 ng/mL) in 
HCC were 55.8% (164/294) and 44.2% 
(130/294) respectively. Neither of them has 
satisfactory accuracy in detecting HCC or pre-
dicting the prognosis when used alone. 
However, when AFP was combined with HCCR-
1, sensitivities for HCC increased to 77.2%, the 
combination use of AFP and HCCR-1 improved 
the diagnostic rate to 70.8% in small HCC (< 2 
cm) and 81.6% in large HCC (≥ 2 cm), respec-
tively [9]. Despite the fact that there was no sig-
nificant difference in the diagnostic rate for 
HCC between AFP and HCCR-1, many cases for 
AFP-negative HCC were positive for HCCR-1 and 
vice versa.

The study [14] showed that the diagnostic rate 
of HCC can be improved by the simultaneous 
detection of both HCCR-1 and AFP. In the diag-
nosis of HCC, HCCR-1 could be used as a sup-
plementary to AFP. In consideration of the high 
heterogeneity of HCC, an optimal serological 
test for HCC will be based on the simultaneous 
measurement of two or three highly specific 
serological markers. The combination use of 
AFP and HCCR-1 increases the diagnostic rate 
compared with AFP alone particularly in small 
HCC and may improve diagnostic rate of the 
recurrence of HCC in earlier period.

HCCR molecular mechanisms involved

The alteration in oncogenes as chromosomal 
point mutations, gene amplifications, or gene 
rearrangements lead to quantitative or qualita-
tive changes in the corresponding protein prod-
uct, and the oncoproteins participate in the sig-
naling pathways that govern fundamental cell 
functions, finally contribute to the changes in 
cell proliferation, cell cycle regulation and apop-
tosis [15]. As reported, the HCCR manifests as 
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a negative regulator of the p53 tumor suppres-
sor gene and its expression is regulated by the 
PI3K/Akt signaling pathway, modulated by TCF/
β-catenin, and it also participates in induction 
of the c-kit proto-oncogene, in activation of PKC 
and telomerase activities (Figure 1).

The HCCR manifests as a negative regulator of 
the p53 tumor suppressor gene

As a key tumor suppressor, p53 of which prod-
uct is short lived triggers cell cycle arrest, 
senescence, or apoptosis in response to cellu-
lar stress [16]. In most cases, the alterations 
within the coding sequences of the gene affect 
the DNA binding ability of p53. Stress signaling 
induces p53 protein stabilization through phos-
phorylation and other post-translational modifi-
cations [17]. All the alterations related to p53 
frequently contribute to the cell cycle change 
and finally imply the occurrence of malignan-
cies. Many reports manifested that HCCR par-
ticipated in the negative regulation of p53 tran-
scriptional activity through p53 stabilization.

After HCCR was identified in cervical cancers 
and cervical cancer cell lines, transgenic mice 
with oncogene HCCR-2 were generated for the 
mechanisms research [18]. 198 of 360 (55%) 

cells. The increase of p53 may be attribute to 
the presence of mutated p53 protein or an 
increase in protein stability, a RNA mismatch 
detection assay manifested no genetic muta-
tion occurred. Hence, the half-life of p53 was 
detected: the 293 cells transfected with the 
vector alone was approximately 30mins, HCCR-
2 transfected 293 cells was more than 4h, and 
the half-life of p53 in most normal primary cells 
ranges between 20 min and 1h, which varies in 
different cell types [19]. Exposure to DNA dam-
aging agents induces accumulation of the p53 
protein and a lengthened half-life of four to five 
fold without significant changes in the mRNA 
level [20]. Post-translational regulation of p53 
is likely largely dependent on a regulatory 
mechanism for ubiquitination and proteasomal 
degradation as p53 is highly sensitive to ubiqui-
tination dependent proteasomal degradation 
[21], therefore the stabilization of p53 in HCCR-
2 transfected NCI-H460 and RKO cells indicat-
ed that HCCR-2 was probably involved in the 
modification of p53 through the interference of 
ubiquitination-dependent proteasomal degra-
dation. The decrease of p21, MDM2, and bax 
indicated that the increased level of p53 did 
not induce expression of these proteins, but did 
downregulate these proteins. The result showed 
that HCCR-2 possibly participated in the ubiqui-

female nude mice injected with 
NIH/3I3 stably transfected with 
HCCR-2 developed breast can-
cer and metastasis with a mean 
latency period of 4 months. The 
level of p53 in HCCR-2 trans-
genic mice was analyzed, result 
from western blot analyses indi-
cated p53 expression level 
markedly increased compared 
with non-transgenic mice, but 
the p53 responsive genes 
including p21, MDM2, and bax 
were in low level.

A similar assay was also done 
in the HCCR-2 transfected RKO 
cells and NCI-H460 cells [4], 
the level of p53 were markedly 
elevated in both of the trans-
fected cells, compared to cells 
transfected with the vector 
alone, but p21, MDM2, and bax 
were decreased in HCCR-2 
transfected NCI-H460 and RKO 

Figure 1. HCCR molecular 
mechanisms involved.
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tin-dependent proteasomal degradation of p53 
and played a role in negative regulation of p53 
transcriptional activity.

PI3K regulates HCCR-1 gene expression

The expression of HCCR is also investigated in 
the PI3K/Akt signaling pathway which also is 
the major activated pathway involved in the 
oncogenesis of various types of cancers [22]. 
This phosphorylated activation of the pathway 
results in phosphorylation of other proteins 
that affect cell cycle entry, cell proliferation, 
and anti-apoptosis [23, 24]. Approximately 50% 
of patients with breast cancer have a mutation 
or loss of at least one copy of the PTEN gene, 
resulting in activation of PI3K signaling which 
becomes a fundamental pathway for tumor pro-
liferation and survival [25, 26], and interesting-
ly HCCR is detected to be overexpressed in the 
breast cancer.

The HCCR-1 gene consists of 9 exons and con-
served exon/intron boundaries, the translation 
start and stop codons are located in the first 
and the last exon [4]. The putative promoter 
region is identified at position -515 to + 153, 
which contains a TATA box and a CAAT box, and 
is identified as putative DNA binding sites for 
TCF/LEF-1. Elk-1, E2F, GATA-1, estrogen, recep-
tors, and several homeodomain protein. To 
determine the function of PI3K on HCCR pro-
moter, the vector containing pCDNA3-PI3K was 
transfected in NIH/3T3 cells, the promoter 
activity was 1.72-fold in PI3K-transfected cells 
compared with those cells transfected with 
vector alone. Also vector with wild type Akt and 
dominant negative Akt cDNA were transfected 
in K562 cells. The result suggested that wild 
type Akt enhanced the HCCR-1 promoter activ-
ity. For further research, PI3K inhibitor 
LY294002 which is a synthetic compound 
based on the flavonoid quercetin was tested 
time and dose dependent inhibition in K562 
cell and NIH/3T3 cell which was transfected 
with vector containing HCCR promoter con-
structs, the promoter activities in NIH/3T3 cells 
and HCCR-1 expression in K562 cells were 
decreased in a dose dependent manner [5]. In 
pancreatic cancer cell line PANC-1, the EGF-
induced overexpression of HCCR-1 was also 
modulated by the PI3K/Akt pathway [27]. All 
the experiment data portrayed that the altera-
tions in the PI3K/Akt signaling pathway influ-
enced HCCR expression and that HCCR was 

one of the downstream components of the 
PI3K/Akt pathway (Figure 1).

TCF/β-catenin modulate HCCR

Wnts are a large family of secreted glycoprotein 
involved in cell proliferation, differentiation, 
and oncogenesis [28], TCF and β-catenin are 
major molecular in the pathway. A report indi-
cated that Tcf1 site which located in HCCR-1 
5’flanking region at position -26 to -4 played an 
important role in HCCR-1 promoter activity, a 
super-shift assay manifested that the transcrip-
tion factor, TCF, and its cofactor, β-catenin were 
observed bounded to the site [29]. Treated with 
GSK-3β inhibitor, acting as Wnt signal activator, 
LiCl or AR-A014418, endogenous HCCR-1 
expression was also increased in HEK/293 and 
K562 cells. These findings suggested that the 
Tcf1 site on the HCCR-1 promoter is a major ele-
ment regulating HCCR-1 expression and the 
Wnt pathway stimulation of this site may induce 
human cancers (Figure 1).

HCCR participates in induction of the c-kit 
proto-oncogene, in activation of PKC and 
telomerase activities

C-Kit (CD117) is a type III tyrosine kinase recep-
tor controlling in cell signal transduction [30], 
normally it is activated by binding with its 
ligand, the stem cell factor (SCF) [31, 32]. This 
leads to a phosphorylation cascade ultimately 
activating various transcription factors that reg-
ulate apoptosis, cell differentiation, prolifera-
tion, chemotaxis, and cell adhesion in different 
cell types. Western blot results showed that 
NIH/3T3 cells stably transfected with HCCR-1 
and nude mice derived tumors injected with 
NIH/3T3 cells transfected with HCCR-1 both 
overexpressed the c-kit protein compared with 
NIH/3T3 parental cells or cells transfected with 
vector alone. The results showed that HCCR-1 
derived tumor cells express c-kit, HCCR-1 was 
related to the c-kit signaling pathway.

HCCR-1 gene transfection increased telomer-
ase activity up to about 7-fold when compared 
with wild-type cells, and literatures showed that 
PKC could induce a marked increase in telom-
erase activity [33], so that a kinase assay was 
performed to determine whether the increased 
telomerase activity in HCCR-1 transfected cells 
was caused by PKC, and the PKC activity of 
HCCR-1 transfected cells was increased by 
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about 10-fold when compared with wild-type 
cells [34]. The reports suggested that HCCR 
participated in induction of the c-kit proto-
oncogene, in activation of PKC and telomerase 
activities.

Concluding remarks

HCCR, for its special sensitivities and specifici-
ties in human breast cancer and hepatocellular 
carcinoma, it is expected to be a new effective 
biomarker to replace or combine with the older 
biomarkers in diagnose. The molecule is 
involved in several important signaling path-
way, as known it manifests as a negative regu-
lator of the p53 tumor suppressor gene, and its 
expression is regulated by the PI3K/Akt signal-
ing pathway, modulated by TCF/β-catenin, par-
ticipates in induction of the c-kit proto-onco-
gene and in activation of PKC and telomerase 
activities. As far as the molecular mechanism 
of how HCCR contributes to the malignancy is 
explicit, it could be a potential therapeutic tar-
get in clinical therapy.
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