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Abstract The purpose of our study was to investigate the

expression of prostate stem cell antigen (PSCA), piwi-like 1

(PIWIL1) and T-box 2 (TBX2) and its correlation with

HPV16 infection in cervical squamous cell carcinoma

(CSCC). HPV16 was detected by amplifying the HPV16 E7

gene by the polymerase chain reaction (PCR) method, and

the expression of PSCA, PIWIL1, TBX2 and HPV16 E7 in

59 CSCCs and matched adjacent normal cervix (MANC)

was examined by the streptavidin-peroxidase (SP) method.

Fifty-two CSCCs and MANC specimens that were positive

for the E7 gene and the E7 protein were identified as infected

with HPV16 and included in present study. The rate of

infection with HPV16 in CSCC was 52% (27/52), but that in

matched adjacent normal cervix (MANC) samples was 4%

(2/52). Infection with HPV16 was found to be statistically

more frequent in CSCC (P = 0.000). The expression rates of

PSCA, PIWIL1 and TBX2 in MANC were 6% (3/52), 8%

(4/52) and 2% (1/52), respectively, but those in CSCC were

62% (32/52), 75% (39/52) and 52% (27/52), respectively.

Higher expression rates of PSCA, PIWIL1 and TBX2 were

observed in CSCC than in MANC (P = 0.000). HPV16 had

a statistical positive correlation with PSCA, PIWIL1 and

TBX2 in CSCC (P \ 0.05). The increased expression of

PSCA, PIWIL1 and TBX2 had no correlation with the

patient’s age or histological grade P [ 0.05). The elevated

expression of PSCA and PIWIL1 was associated with

invasion of CSCC (P \ 0.05). Up-regulated expression of

TBX2 had a positive association with lymph node metastasis

(P = 0.014). These findings demonstrate for the first time

the expression of PSCA, PIWIL1 and TBX2 in CSCC. Their

correlation with HPV16 might provide new basic informa-

tion for investigating the molecular mechanism of HPV and

help us to deepen our understanding of the interaction

between HPV16 and host cells the carcinogenesis of CSCC.

Introduction

Worldwide, cervical cancer remains a leading cause of

mortality from gynecologic malignancies [1]. The link

between cervical cancer and persistent infection with HPV

has been well established [2]. The oncogenic functions of

two HPV early proteins, E6 and E7, are crucial for the role of

HPV during carcinogenesis: E6 can bind to p53 by forming a

trimeric complex with the cellular ubiquitin ligase

E6-associated protein, and p53 is rapidly degraded by pro-

teasomes [3–5]; E7 can bind to hypophosphorylated pRB,

which is then rapidly degraded by proteasomes, and thereby

pRB constitutively releases transcriptional factor E2F [6–8].

The loss of function of these major tumor suppressor gene

products due to infection with HPV is a fundamental cause of

carcinogenesis in cervical cancer [9]. Investigation of the

molecular mechanisms of the effect of HPV16 infection on

host cells is an important topic in viral oncology.

Cancer stem cells can play an important role in tumor-

igenesis and tumor progression [10]. Prostate stem cell

antigen (PSCA) is a 123-amino-acid glycoprotein first

identified in the LAPC-4 prostate xenograft model of

human prostate cancer [11]. PSCA expression in normal
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tissues is largely prostate-specific, but PSCA transcripts

and protein have been found in the transitional epithelium

of the bladder and the stomach [12, 13]. PSCA has also

recently been shown to be expressed by a majority of

bladder and pancreatic cancers [14]. Subsequently, several

other tumors were evaluated for PSCA expression,

including pancreatic adenocarcinoma [15–17], transitional

cell carcinoma [14, 18], renal cell carcinoma [19] and

diffuse-type gastric cancer [20].

TBX2 is a member of a family of genes encoding

developmental transcription factors, characterized by a

200-amino-acid DNA-binding domain (T-box) [21]. TBX2

performs its function during embryonic development [22,

23] and tumorigenesis [21, 24–26]. It is often amplified in

pancreatic cancer [25] and BRCA-1- and BRCA-2-related

breast cancers [26]. TBX2 and the closely related gene

TBX3 are highly expressed in a number of breast cancer

cell lines [27, 28].

PIWIL1 (Hiwi) belongs to the piwi-domain proteins,

which are components of ribonucleoprotein complexes

[29]. Hiwi is a member of the piwi protein family that plays

an important role in stem cell self-renewal, RNA silencing

and translational regulation [30]. Overexpression of Piwi,

the drosophila homologue, results in an increase both in the

number of germline stem cells and in the rate at which they

divide [31]. Elevated expression of Mili, one of three

mouse Piwi homologues, inhibits apoptosis and stimulates

proliferation [32]. Mili and another mouse homologue,

Miwi, can form complexes with Piwi-interacting RNAs.

These complexes appear to play a regulatory role during

mammalian spermatogenesis through either transcription or

translation [32]. Expression of Hiwi has been described in

seminomas, gastric carcinomas and soft-tissue sarcoma

(STS) [31, 33, 34]. There was an association reported

between altered expression of Hiwi mRNA and a poor

prognosis for STS patients [35].

Few reports have emerged concerning the expression of

stem-cell-associated Hiwi, PSCA and TBX2 in cervical

squamous cell carcinoma (CSCC), and HPV16 has a

causative role in carcinogenesis of CSCC. Therefore, here,

we investigate the expression of these cancer stem-cell-

associated gene products in CSCC and their relationship to

HPV16 in order to provide some basic information on

potential molecular mechanisms of the effect of HPV16

infection on carcinogenesis in CSCC.

Materials and methods

Tissue collection

All of the archived formalin-fixed, paraffin-embedded

tissue specimens were collected in the First and Second

Hospitals of Xi’an JiaoTong University during 2000–2003.

The present study was approved by the Ethics Committee

of Shaanxi Cancer Institute, and informed consent was

obtained from all recruited subjects. None of the patient

received preoperative or adjuvant chemotherapy or radio-

therapy. Pathological examination of all specimens was

performed by two independent experienced pathologists in

the pathology departments of the corresponding hospitals

according to the World Health Organization (WHO) stan-

dard and International Federation of Gynecology and

Obstetrics (FIGO) criteria [36]. The patients’ clinicopath-

ological data were obtained from surgical and pathological

records. Fifty-nine cases of CSCCs and matched adjacent

normal cervix (MANC) samples were tested in our present

investigation. Of the 59 CSCCs, 9 cases were classified as

grade I (well differentiated), 21 as grade II (moderately

differentiated) and 31 as grade III (poorly differentiated).

The mean age of patients was 57 years old, and these

patients were in a different clinical stages: T1–T2 (n = 35)

and T3–T4 (n = 24).

DNA extraction

Samples on 5 to 10 slides were deparaffinized using xylene,

rehydrated with graded alcohol and digested with lysis

buffer (300 mmol/l NaCl; 50 mmol/l Tris–HCl, pH 8.0,

0.2% SDS) containing proteinase K (200 mg/l), and then

incubated at 55�C overnight. DNA was extracted using

phenol/chloroform, precipitated with cold alcohol and

dissolved in ion-free water. The concentration and purity of

the extracted DNA were determined from its optical den-

sity at 260 nm.

Polymerase chain reaction for detection of HPV16

infection

For HPV16 DNA detection, E7 was amplified with the

forward primer 50-CGGAATTCATGCATGGAGATAC

ACCTACAT-30 and the reverse primer 50-CGGGAAG

CTTATGGTTTCTGAGAACAGATGG-30. The amplicon

was approximately 301 bp long. PCR mixtures contained

10 mM Tris–HCl (pH 8.3), 50 mM KCl, 3.5 mM MgCl2,

0.01% gelatin, 200 pmol each primer, 4U Taq DNA

polymerase and 100 ng DNA template. The suitability of

the samples for PCR amplification was ascertained by

testing the b-actin gene. Successful amplification of the

b-actin gene fragments indicated that the DNA sample was

adequate for PCR analysis and that no PCR inhibitors were

present. The primer sequences for the human b-actin gene

were 50-ATCATGTTTGAGACCTTCAACACCCC-30 and

50-CATCTCTTGCTCGAAGTCCAGGGCGA-30, respec-

tively. These sequences flank a 317-bp region in the

genomic DNA [37]. The cycling conditions for E7 and
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b-actin were 94�C for 45 s, 58�C for 45 s and 72�C for

50 s for 30 cycles. To avoid DNA contamination, we

carried out DNA extraction, PCR mixture preparation,

amplification, and electrophoresis in separated areas. In

addition, the plasmid pBR322/HPV16, containing the

whole HPV-16 genome, was used as a positive control, and

the plasmid PUC19 was used as a negative control to

validate the experiment. The amplicons were detected by

electrophoresis in 1% agarose and compared with a

DL2000 DNA molecular weight marker.

Immunohistochemistry

Immunoperoxidase staining of formalin-fixed, paraffin-

embedded tissue sections was performed using the

streptavidin-peroxidase (SP) method. After they were

deparaffinized and rehydrated in a descending alcohol

dilution series, the sections were heated in an 800 W

microwave oven at maximum power for 8 min in 0.01 M

citrate buffer (pH 6.0) for antigen retrieval. The activity of

endogenous peroxidase in the sections was blocked by

0.3% hydrogen peroxide in methanol for 10 min at RT.

After being treated with 5% normal goat serum in PBS for

15 min to block non-specific sites, the sections were

incubated with primary rabbit monoclonal anti-HPV16 E7

(1:400, Beijing Biosynthesis Biotechnology Co. Ltd), anti-

PSCA (1:500, Beijing Biosynthesis Biotechnology Co.

Ltd), anti-PIWIL1 (1:600, Beijing Biosynthesis Biotech-

nology Co. Ltd) and anti-TBX2 (1:400, Beijing Biosyn-

thesis Biotechnology Co. Ltd) antibodies overnight at 4�C.

After that, we used an ultrasensitive SP kit (Maixin Bio-

logical, Fuzhou, China) and DAB (diaminobenzidine) as a

chromogen. The sections were counterstained with hema-

toxylin and mounted with neutral balsam, and then exam-

ined by light microscopy. The immunoactivity of PSCA,

PIWIL1 and TBX2 is located in membrane/cytoplasm,

cytoplasm and nuclei/cytoplasm of stained cells. A visible

brown staining of the cytoplasm/nuclei/membrane of cer-

vical squamous cells in cervical samples indicated a posi-

tive result, and negative cells contained a blue color in their

nuclei. The staining was scored on a scale from 0 to IV as

follows: 0, less than 5% cells were stained; I, 5–25% cells

were stained; II, 25–50% cells were stained; III, 50–75%

cells were stained; and IV, more than 75% cells were

stained. Scores of I–IV were classified as positive, while a

score of 0 was negative [38].

Statistical analysis

Statistical significance was determined by the v2 and

Fisher’s exact tests. The correlation between PSCA,

PIWIL1, TBX2 and clinicopathological parameters was

determined by Spearman’s rank correlation coefficient.

Analysis was done by SPSS 11.5 software for windows.

Ninety-five percent confidence intervals were calculated to

examine statistical significance.

Results

In this study, we examined HPV16 infection by detecting

viral oncogene E7 and its protein product in 59 cervix

specimens. Both the E7 gene, by PCR detection, and the E7

protein, by immunohistochemical examination, were found

to be present in 52 CSCC samples, which were then

included in the subsequent analysis. The rate of HPV16

infection in CSCC was 52% (27/52), but that in matched

adjacent normal cervix (MANC) samples was 4% (2/52),

as shown in Table 1. Statistically, infection with HPV16

was found more frequently in CSCC (P = 0.000) (Fig. 1).

The immunoactivity staining of HPV16 E7 was located in

the cytoplasm of squamous cells (Fig. 2).

The expression rates of PSCA, PIWIL1 and TBX2 in

MANC were 6% (3/52), 8% (4/52) and 2% (1/52),

respectively, but those in CSCC were 62% (32/52), 75%

(39/52) and 52% (27/52), respectively. Higher expression

rates of PSCA, PIWIL1 and TBX2 were observed in CSCC

than in MANC (P = 0.000) (Table 1). The immunoactivity

staining of PSCA, PIWIL1 and TBX2 was located in the

cytoplasm of cervical squamous cells in CSCC (Fig. 2).

In cervical cancer, 24 (89%) HPV16-positive specimens

were scored positive I and above by PSCA staining, while

8 (32%) HPV16-negative specimens were stained to the

same degree (P = 0.003). Twenty-six (96%) HPV16-

positive specimens were scored positive I and above by

PIWIL1 staining, while 13 (52%) HPV16-negative speci-

mens were stained to the same degree (P = 0.020).

Twenty-five (93%) HPV16-positive specimens were scored

Table 1 The expression of PSCA, PIWIL1, TBX2 and HPV16 in cervical tissues

Tissue n PSCA PIWIL1 TBX2 HPV16

? (%) - (%) P ? (%) - (%) P ? (%) - (%) P ? (%) - (%) P

MANC 52 3 (6) 49 (94) 4 (8) 48 (92) 1 (2) 51 (98) 2 (4) 50 (96)

CSCC 52 32 (62) 20 (38) 0.000 39 (75) 13 (25) 0.000 34 (60) 18 (65) 0.000 27 (52) 25 (48) 0.000

PSCA, PIWIL1 and TBX2 expression in HPV16 infection 659
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positive I and above by TBX2 staining, while 9 (36%)

HPV16-negative specimens were stained to the same

degree (P = 0.006). Twenty-one (78%) HPV16 positives

and 6 (24%) HPV16 negatives were stained for PSCA as

degree II and above (P = 0.000). Nineteen (70%) HPV16

positives and 9 (36%) HPV16 negatives were stained for

PIWIL1 as degree II and above (P = 0.012). Twenty-one

(78%) HPV16 positives and 5 (20%) HPV16 negatives

were stained for PSCA as degree II and above (P = 0.000)

(Table 2). HPV16 had a positive correlation with PSCA,

PIWIL1 and TBX2 in CSCC (P \ 0.05).

In CSCC, the increased expression of PSCA, PIWIL1

and TBX2 had no correlation with the patient’s age or

histological grade (P [ 0.05). Elevated expression of

PSCA and PIWIL1 was associated with invasion of CSCC

(P \ 0.05), but that of TBX2 was not (P [ 0.05). Up-

regulated expression of TBX2 had a positive association

with lymph node metastasis (P = 0.014), but that of PSCA

and PIWIL1 did not (P [ 0.05), as indicated in Table 3.

Discussion

It is well recognized that high-risk human papillomavirus

type 16 (HPV16) plays an etiological role in the devel-

opment of cervical cancer [39]. Oncogenic HPV E6 and

E7 interrupt host cell functions and therefore make a

principal contribution to HPV-induced tumourigenesis.

Stem cells and tumour stem cells share several similari-

ties, such as the ability of self-renewal without loss of

proliferation capacity [40]. Dysregulation of stem cell

self-renewal may be a prerequisite for the development of

cancer [41]. In our present study, we examined the variant

expression of the stem-cell-associated genes PSCA and

PIWIL1 and transcriptional factor TBX2 in CSCC in

order to investigate their roles and correlation with

HPV16 infection during carcinogenesis of CSCC. Our

study results show that elevated expression of PSCA,

PIWIL1 and TBX2 might be involved in the onset of

CSCC, none of them correlated with histological grade.

However, the up-regulated PSCA and PIWIL1 might be

candidate markers for clinical prediction of the progres-

sion of CSCC, because they were expressed more fre-

quently with increasing clinical stage, while TBX2 might

not, due to insignificant differences in its expression in

the different clinical stages. Interestingly, TBX2 expres-

sion might be correlated with the outcome of CSCC

because of its higher expression frequency in CSCC with

lymph node metastasis compared to CSCC with no lymph

node metastasis.

The subcellular locations of PSCA, PIWIL1 and TBX2

in CSCC were revealed by immunohistochemistry in our

present study. PSCA protein was apparently located in the

cytoplasm of cervical squamous cells, which is consistent

with previous observations in prostate [42] and pancreatic

adenocarcinoma [15], but PSCA had been shown to be a

cell-surface protein [11].One possible explanation for this

discrepancy is that anti-PSCA antibody can recognize

PSCA peptide precursors that reside in the cytoplasm.

Also, it is possible that the positive staining that appears in

the cytoplasm is actually from the overlying cell membrane

[14]. Few studies have investigated the subcellular location

of PIWIL1, but it was reported by Liu et al. [33] that

PIWIL1 was located in the cytoplasm of stained cells in

gastric cancer, and our study demonstrated immunoactivity

staining of PIWIL1 located in the cytoplasm of squamous

cells in CSCC. In previous investigations, TBX2 has been

detected at the mRNA level, but there has been no report of

the subcellular location of the TBX2 protein. In our present

study, TBX2 was observed to be located in the cytoplasm

of squamous cells in CSCC.

It has been well documented in cervical cancer that the

episomal viral DNA frequently integrates into the host

genome as HPV-infected lesions progress to cervical

Fig. 1 Partial results of PCR detection of HPV16 E7 in CSCC and

MANC. M DNA molecular weight standard DL2000 marker, N PCR

of PUC19 plasmid as negative control, P PCR of pBR322/HPV16

plasmid as positive control. a Lanes 1 and 3, presence of E7 in CSCC;

lane 2, negative PCR results in CSCC. b Lanes 1 and 3, presence of

E7 in MANC; lane 2, absence of E7 in MANC
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cancer. During viral DNA integration, the E6 and E7 genes

always remain together in the host genome [43]. Therefore,

the presence of E6 or E7 genes in tumour tissues may better

represent the real HPV infection. In some studies, L1 was

used as the only indicator, which may have been lost or not

expressed in the malignant specimens [39]. Our study

examined infection by HPV16 in CSCC by detecting

oncogenic E7 in order to avoid false negative results. The

immunohistochemical detection of HPV16 E7 protein in

CSCC revealed its cytoplasmic location, which was

Fig. 2 Representative

immunohistochemical staining

for PSCA, PIWIL1 and TBX2

in CSCC. a Positive staining

‘‘3?’’ for PSCA in CSCC

(9200). b Negative staining for

PSCA in MANC (9200).

c Positive staining ‘‘3?’’ for

PIWIL1 in CSCC (9400).

d Negative staining for PIWIL1

in MANC (9200). e Positive

staining ‘‘4?’’ for TBX2 in

CSCC (9200). f Negative

staining for TBX2 in MANC

(9200). g Positive staining

‘‘4?’’ for HPV16 E7 in CSCC

(9200). h Negative staining for

HPV16 E7 in MANC (9200)

PSCA, PIWIL1 and TBX2 expression in HPV16 infection 661
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consistent with previous observations [44, 45]. Our study

shows that PSCA, PIWIL1 and TBX2 were positively

correlated with HPV16, which raised the question whe-

ther HPV16 viral oncoprotein might be involved in up-

regulating the expression of cancer stem-cell-associated

genes and suggests a complex molecular mechanism for

the role of HPV16 infection during carcinogenesis of

CSCC. Further investigations should be carried out using

a cell or animal model to demonstrate a definite role of

HPV16 in modulating the expression of PSCA, PIWIL1

and TBX2.
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