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ABSTRACT: 

Background: Vaccinia virus VH1-related (VHR) dual-specific protein phosphatase, 

encoded by the DUSP3 gene, has been reported to play a critical role in cell cycle 

progression. Recent studies have demonstrated that lack of VHR expression by cells 

causes their arrest in G1 and G2 phases of the cell cycle also they showed early signs 

of cell senescence. The usefulness of P16
INK4A

 in the diagnosis of cases of cervical 

neoplasia, has been reported in several studies.  

Objectives: The current study has been designed to assess the role of VHR in 

progression of cervical carcinoma and to evaluate the significance of P16
INK4A

 as a 

useful diagnostic biomarker; then to find any correlation between the two examined 

markers. 

Materials and Methods: In the present study, we evaluated the expression levels of 

VHR protein and P16
INK4A

 using Immunohistochemistry in a series of archival 

formalin-fixed and paraffin-embedded tissue specimens of normal excocervix (n=10), 

low-grade SIL (n=12), high-grade SIL (n=18) and invasive squamous cell carcinoma 

(n=20).  

Results: VHR was expressed at very low level in the cytoplasm of parabasal cell 

layers of the normal cervical epithelium. VHR was significantly up-regulated in 

squamous intraepithelial lesions (SILs) of the cervix in LSIL (p<0.05) and HSIL 

(p<0.001) in comparison to normal exocervix. In cases of invasive squamous cell 

carcinoma, VHR was highly expressed with nuclear localization in the majority of 

cells compared to normal exocervix (p<0.001). The expression of p16
INK4A

  showed a 

gradual significant increase among pre-neoplastic and neoplastic cervical lesions 

(p<0.001). A positive correlation has been found between the expressions of the 

p16
INK4A

 and VHR (p=0.007). 

Conclusion: The results suggest that VHR can be considered as a new marker for 

cancer progression in cervical carcinoma and a potential new target for anticancer 

therapy. SIL grade was positively related to the expression of p16
INK4A

. Our results 

confirm that p16 can be a useful biomarker in the diagnosis of cervical neoplasia. 

 

KEY WORDS:  
Squamous cell carcinoma of the cervix, squamous intra-epithelial lesions (SIL) 

VHR Vaccinia virus VH1-related (VHR) dual-specific protein phosphatase 

p16
INK4A

     Immunohistochemistry.  

INTRODUCTION: 

Cervical cancer is known to 

develop from premalignant squamous 

intraepithelial lesions (SIL). It takes 

nearly 5 to 15 years for only 10–15% 

of such lesions to progress to invasive 

cancer (McCance, 2005). In Egypt, 

available data from different studies 

provide widely varying estimates on 

the prevalence of pre-invasive cervical 

lesions, ranging from 1% (El Mosselhy 

et al., 1998) to 8% (Younis et al., 

1993) with age range from 20-60 

years. According to those data 
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published regarding cancer pathology 

registry for 2003-2004, invasive 

cervical lesions represented 1.72% of 

total malignancies and ranked 11th 

(Mokhtar, 2007). Many extensive 

epidemiologic and molecular biologic 

studies have found that the human 

papillomavirus (HPV) infection is the 

most important etiology of cervical 

cancer. In Egypt, previous small 

hospital based series confirmed the 

incorporation of HPV genome in 

invasive lesions (Ahmed et al., 2001). 

The persistent infection of high-risk 

HPV has been implicated in the 

development of cervical cancer 

(Lorincz et a., 1992). HPV is known to 

induce cervical cancer through 

uncontrolled G1-S transition. The E6 

and E7 proteins of high-risk HPV 

inhibit the p53 and pRb proteins which 

are cell cycle regulatory proteins 

controlling G1-S transition (Bosch et 

al., 1995).  

 

The p16
INK4a

 (p16) is a protein 

which belongs to the inhibitors of 

cyclin dependent kinase (CDK) 4 

family (INK4a family). By interacting 

with CDK4 and CDK6, p16 inhibits 

the formation of cyclin D/CDK4 and 6 

complexes. The p16 also functions as a 

cyclin-dependent kinase inhibitor 

(CDKI) by inhibiting the CDK-

induced phosphorylation of pRb. The 

phosphorylation of pRb induces the 

release of a transcription factor E2F 

from the bound form of E2F and pRb 

(Nam et al., 2006; Nam et al., 2008). 

The release of E2F results in G1-S 

transition. The released E2F stimulates 

the expression of genes which are 

involved in G1-S transition. The 

transition from G1 to S is an extremely 

important checkpoint in the cell cycle 

clock because once cells cross this 

barrier they are committed to progress 

into S phase (Bartek and Lukas, 2001; 

Robbins and Cotran, 2004). The 

inactivation of pRb by E7 causes the 

p16 overexpression because p16 is 

regulated by negative feedback of pRb. 

The p16
INK4A

 gene was found 

inactivated in a large percentage of 

tumor cell lines, suggesting that it was 

indeed a tumor suppressor gene (Kamb 

et al., 1994; Nobori et al., 1994; 

Okamoto et al., 1994). p16
INK4A

 

overexpression has been demonstrated 

in cervical cancers. A number of 

studies have (Tam et al., 1994) 

demonstrated that p16
INK4A

 may be a 

useful marker for squamous and 

glandular epithelial dysplasia in the 

uterine cervix (Klaes et al., 2001; Dray 

et al., 2005). Furthermore, expression 

of p16
INK4A

 appears to correlate with 

the degree of cervical neoplasia. It was 

also recently reported that p16
INK4A

 

immunostaining can be used for 

discriminating integrated from non-

integrated HPV infections (Agoff et 

al., 2003; Negri et al., 2004; Dray et 

al., 2005;  Arias-Pulido et al., 2006). 

 

              The human genome contains 

61 genes for Vaccinia virus H1-like or 

'dual-specific' protein phosphatases 

(DUSPs) (Alnson, 2004). One of these 

phosphatases is the 185-amino acid 

residues Vaccinia H1-related (VHR), 

encoded by the DUSP3 gene 

(Ishhibashi et al., 1992), which 

dephosphorylates and thereby 

inactivates the mitogen-activated 

protein kinases (MAPK) Erk and Jnk 

in vivo (Gergnoli et al., 2006; Rahmoni 

et al., 2006). The levels of VHR 

fluctuate during the cell cycle. In early 

G1, VHR is barely detectable then it 

increases to reach a peak before 

mitosis. The elimination of VHR by 

RNA interference resulted in cell cycle 

arrest in G1/S and G2/M. Such effect 

of VHR knock-down was counteracted 

by down modulation of the levels of 

Erk and Jnk or by modest levels of 

Mek and Jnk inhibitors. Based on these 

data, it has been proposed that VHR is 

important for cell cycle progression as 
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it tempers Erk and Jnk during the S 

and G2/M phases of the cell cycle, 

where excessive activity of these 

kinases can activate cell cycle check 

points. Recently, Henkens et al. (2008) 

have described that the protein level of 

that newly discovered cell cycle 

regulator was increased in HSIL and 

invasive SCC lesions in comparison 

with normal cervical epithelium.  

 

The current study has been 

designed to investigate the expression 

of VHR in a series of pre-neoplastic 

and neoplastic cervical tissues and to 

assess its role in the progression of 

cervical carcinoma. The significance of 

p16
INK4A

 as a useful diagnostic bio-

marker was evaluated as well in the 

same series of cervical tissue samples 

then the relationship between the two 

markers was evaluated. 

 

MATERIALS AND METHOD: 

Patients and tissue specimens 

            The cases selected for the 

current study were retrieved from the 

archives of Pathology laboratory, 

faculty of Medicine, Minia University 

Hospital and department of Pathology, 

faculty of Medicine, Sohag University 

and represented anonymized, formalin-

fixed and paraffin-embedded cervical 

biopsies diagnosed between the years 

2000 and 2006. These cases were 

selected on the basis of availability of 

at least one evaluable tissue 

representative haematoxylin and eosin-

stained slide and a paraffin block. For 

each case, slides were reviewed to 

confirm the histopathological 

diagnosis.  

 

The whole series included (12) 

L-SIL, (18) H-SIL and (20) invasive 

SCC that have been obtained from 

hysterectomy or conization specimens 

(obtained by large loop excision of the 

transformation zone). Cases of inva-

sive SCC were examined by two 

independent pathologists, classified 

and graded according to the World 

Health Organization (WHO) criteria. 

Tissue blocks containing only small or 

otherwise inadequate samples were 

excluded from the study.  Normal 

exocervix (10) specimens were obtai-

ned from cases of hysterectomy perfor-

med for non-cervical pathologies.  

 

Positive and negative controls 

One positive control tissue 

section for each antibody was 

processed in the same manner as the 

patient tissue samples and was 

included in each staining run. Squa-

mous cell carcinoma was used as a 

positive control for both VHR and p16 

antibodies.  

 

The negative control was used 

to verify the specificity of the primary 

antibody where a squamous cell 

carcinoma section was processed 

through the procedure of immuno-

staining but the primary antibody was 

omitted and phosphate buffer solution 

was added instead. Absence of specific 

staining in the negative control 

sections confirms lack of secondary 

antibody cross-reactivity with other 

non-target cellular components. 

 

Immunohistochemistry  

          Four μm-thick serial sections 

from archival paraffin-embedded 

tissues were freshly cut, placed on 

poly-L-lysine coated slides, de-

paraffinized with xylene, and 

rehydrated through graded alcohol.  

Endogenous peroxidase activity was 

blocked by incubation with 0.3% 

Hydrogen peroxide/Methanol for 30 

minutes.  Antigen retrieval was achie-

ved by microwave treatment, where 

the slides were placed in sodium citrate 

buffer (0.01M, pH 6.0) for 10 minutes. 

The appropriate antibody was diluted 

at its optimum concentration in PBS 

containing 5% (w/v) bovine serum 
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albumin. Tissue sections were then 

incubated with antibodies against VHR 

(Clone 237020 dilution 1:2500, R&D 

Systems, Minneapolis, MN; the 

antibody was generously provided by 

Dr. M Smith) and p16 (mouse 

monoclonal antibody, Ready to use, 

Labvision) for 2 hours at room 

temperature. Thereafter, the slides 

were thoroughly rinsed with PBS and a 

biotinylated goat anti-mouse secondary 

antibody was applied to sections for 30 

minutes at room temperature. Visuali-

zation of the reaction was performed 

with an avidin-biotin complex 

immunoperoxidase system using 3, 3
’
 

diamino-benzidine as a chromogen for 

10 minutes. Then, the slides were 

rinsed in running tap water and lightly 

counterstained with Mayer's 

haematoxylin. Finally, sections were 

dehydrated in graded alcohol, cleared 

in xylene and mounted with DPX. 

 

Scoring of immunohistochemical  

staining 

Scoring of VHR immunostaining 

         The VHR immunostaining was 

scored semi-quantitatively as 

previously demonstrated by Henkens 

et al. (2008). For staining intensity, 0 

represented samples in which no 

staining was detectable, whereas 1+, 

2+, and 3+ denoted samples with low, 

moderate, and strong nuclear and/or 

cytoplasmic staining, respectively. For 

staining extent, in normal exocervix 

and the various grades of SIL, 1+ 

represented VHR expression that was 

detectable in the lower 1/3 of the 

epithelium, whereas 2+ denoted 

detectable VHR expression in the 

lower 2/3 of the epithelium and 3+ 

represented detectable immuno-

reactivity that reached the upper 1/3 of 

the epithelial layer. For the extent of 

staining in SCC, 1+ represented 

samples in which VHR expression was 

detectable in up to 33% of the cells 

whereas 2+ denoted samples in which 

> 33–66% of the cells showed 

detectable VHR expression and 3+ 

represented those in which more than 

66% of the cells were stained. In order 

to provide a global score for each case, 

the results obtained with the two scales 

were multiplied, yielding a single scale 

with steps of 0 to 9. The 

immunostaining was evaluated by two 

independent observers (MIA and 

EMS) and discrepancies were resolved 

by consensus. 

 

Scoring of p16 immunostaining 

Interpretation of the staining 

results was done by evaluation of the 

percentage of p16 positive cells 

(combination of nuclear and cyto-

plasmic staining) in the highest expre-

ssion area (hot spot) then grading was 

performed as described by Conceicao 

et al. (2006) as follows: grade 0= no 

cells were stained; grade 1= < 50% of 

cells were positive, grade 2= 50-80% 

of cells exhibited expression, and 

grade 3= > 80% of cells. 

 

RESULTS: 

VHR expression   

 The mean age for each group 

included in this study was (35.7) years 

for LSIL, (41) years for HSIL and (49) 

years for SCC. VHR expression at the 

protein level was studied using 

immunohistochemistry technique in a 

panel of anonymous, formalin-fixed 

and paraffin-embedded tissues of 

normal exocervix (n =10), low-grade 

SILs (n =12), high-grade SILs (n =18) 

and invasive squamous cell carcinoma 

SCCs (n =20). Semiquantitative 

analysis of VHR immunostaining was 

employed. The VHR was expressed at 

very low level only in the cytoplasm of 

para-basal cell layers of the normal 

squamous epithelium (Figure 1). On 

the other hand, both nuclear and 

cytoplasmic staining was observed in 

LSIL and HSIL (Figures 2 & 3, 

respectively). The VHR was signify-
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cantly up-regulated in squamous 

intraepithelial lesions (SILs) of the 

cervix in low grade SIL L-SIL 

(p<0.05) and high grade SIL (H-SIL) 

(p<0.0001) in comparison to normal 

exocervix. In cases of invasive 

squamous cell carcinoma, VHR was 

highly expressed with both cyto-

plasmic as well as nuclear localization 

in the malignant cells (Figure 4) and 

such expression was statistically 

significant (p <0.0001) when compared 

with its expression in normal exocervix 

(Table 1). 

 

 

Table (1): Immunohistochemical analysis of VHR expression in normal, LSIL, HSIL  

                 and SCC cervical tissue samples by using a semi-quantitative scoring  

                  method for evaluation 

 

Diagnosis VHR immunostaining score
* 

 

0 1 2 3 4 5 6 7 8 9 

Normal   (n=10) 

 

- 3 4 2 1 - - - - - 

Low-SIL (n=12) - - 6 - 3 2 1 - - - 

P
**

< 0.05  

High-SIL (n=18) - - 1 3 2 3 6 2 - - 

P
**

< 0.0001 

SCC        (n=20) - - 1 2 4 3 5 5 - - 

P
**

< 0.0001 

* Samples were assigned an immunohistochemical score (0-9) according to the results 

obtained with a multiplied two scales (staining intensity x staining extent).  For 

staining intensity, 0 = no staining was detectable, 1+= low, 2+=moderate, and 

3+=strong cytoplasmic and/or nuclear staining was detected. For staining extent, in 

normal exocervix and the various grades of SIL, 1+ = VHR expression was detectable 

in the lower 1/3 of the epithelium, 2+= detectable VHR expression in the lower 2/3 of 

the epithelium and 3+= represented detectable  immunoreactivity that reached the 

upper 1/3 of the epithelial layer. For the extent of staining in SCC, 1+= VHR 

expression was detectable in up to 33% of the cells, 2+= > 33–66% of the cells 

showed detectable expression and 3+= > 66% of the cells were stained. 

** P value was obtained by correlation of the immunohistochemical score for each 

group individually (LSIL, HSIL and SCC) with normal cervical epithelium  

 

 

p16
INK4

 expression 

The expression of p16
INK4A

 in 

cervical epithelium was characterized 

by variable, weak to strong, diffuse 

cytoplasmic and nuclear staining. 

There was no difference in the staining 

intensity among different epithelial 

layers. Clear and distinctive positive 

immuno-staining was observed only in 

dysplastic and neoplastic cells. Both 

normal squamous epithelial cells of the 

exocervix and stromal cells were 

consistently negative. 

 

The expression of p16
INK4A

  

was positively associated with SIL 

grade, as the SIL grade was higher, 

stronger expressions was observed 

(p＜0.001). On the other hand, it was 

totally absent (100%) in normal 
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cervical epithelium. In addition, there 

was positive correlation between the 

expression of the p16
INK4A

 and VHR 

(p=0.007). 

 

Correlation between histological  

Diagnosis and % of cells positive for P16 

A. Normal epithelia of cervical mucosa 

P16 showed negative 

expression in all ten cases (100%) of 

normal epithelia of cervical mucosa 

(Figure 5-A).  

 

B. Low SIL  

P16 expression in LSIL in 

comparison with that of normal 

squamous cervical epithelium is 

displayed in Table (2). P16 expression 

in total number of LSIL showed 

positive expression (Figure 5-B) in 

8/12 cases (66.7%), these positive 

cases were categorized into three 

groups according to their scores, two 

cases (16.6%) had score1, three cases 

(25%) got score 2 and three cases 

(25%) had score 3. The remaining 4 

cases (33.3%) showed negative expr-

ession. The distribution of staining in 

all LSIL cases, showed at least focal 

p16
INK4a

 immunoreactivity. p16
INK4a

 

immunoexpression were confined to the 

lower half of the epithelium in most of 

the cases. These results revealed a 

gradual significant increase in the 

expression of p16  in LSIL cases, as 

compared to expression of p16 in 

normal epithelia of cervical mucosa 

(P<0.01), (From 100% negativity in 

normal epithelia of cervical mucosa to 

66.7% positivity in LSIL). 

 

 

Table (2): P16 expression in LSIL in comparison with that of normal squamous   

                  cervical epithelium 

 

Diagnosis Percentage of positive cells for P16 

Grade 0 

n             % 

Grade 1 

n             % 

 

Grade 2 

n            % 

Grade 3 

n            % 

Normal (n=10) 10        100% 0 

 

0 0 

 

Low SIL( n=12) 

 

   4       33.3% 

 

2     16.6%   

         

 

3      25% 

 

3      25% 

P value <0.05 <0.01* S 

 

Grades: 0, none of cells showed expression; 1, less than 50 % of cells were stained; 2, 

50-80% % of cells were positive; 3 more than 80 % of positive cells were detected.  

* S= significant 

 

C. High SIL 

P16 expression in total number 

of HSIL showed positive expression 

(Figure 6) in 18/18 (100%) cases 

(Table 3). The positive cases were 

categorized into three groups 

according to their scores, two cases 

(11.1 %) with score 1, two cases 

(11.1%) with score 2 and 14 cases 

(77.8%) with score 3. The distribution 

of staining showed at least diffuse, 

strong staining for pl6
INK4a

 in the lower 

two thirds of the epithelium up to diffuse 

full thickness pattern. These results 

show a gradual increase in the 

frequency as well as the intensity of 

expression of p16 in HSIL cases, as 

compared to expression of p16 in LSIL 

cases (P<0.01).  
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Table (3): P16 expression in HSIL in comparison with that detected in LSIL cases 

 

 

Diagnosis 

Percentage of positive cells for P16 

Grade 0 

n             % 

Grade 1 

n             % 

Grade 2 

n            % 

Grade 3 

n            % 

 

Low SIL (n=12) 

 

 

   4       33.3% 

 

2     16.6%           

 

3      25% 

 

3      25% 

 

HSIL (n=18) 

 

0 

 

2           11.1% 

 

2         11.1% 

 

14      77.8% 

 

P value 

 

<0.01
* 
S 

Grades: 0, none of cells showed expression; 1, less than 50 % of cells were stained; 2, 

50-80% % of cells were positive; 3, more than 80 % of positive cells were detected.  

*S= Significant  

 

D. Squamous cell carcinomas 

 P16 expression in total number 

of SCC showed positive expression 

(Figure 7) in 19 (95%) out of 20 cases, 

while only one case (5%) showed 

negative expression (Table 3). The 

positive cases were categorized into 

three groups according to their scores, 

2 cases (10%) with score 1, seven 

cases (35%) with score 2 and 10 cases 

(50%) with score 3. There is apparent 

gradual increase in the expression of 

p16 in SCC cases as compared to 

expression of p16 in LSIL cases 

(P<0.05) (From 33.3% negativity in 

LSIL cases to only 5% negativity in 

SCC cases).  

 

Table (4): P16 expression in SCC cases in comparison with that detected in LSIL  

 

 

Diagnosis 

Percentage of positive cells for P16 

Grade 0 

n             % 

Grade 1 

n             % 

Grade 2 

n            % 

Grade 3 

n            % 

 

Low SIL (n=12) 

 

 

   4       33.3% 

 

2     16.6%           

 

3      25% 

 

3      25% 

 

SCC (n=20) 

 

1          5% 

 

2           10% 

 

7        35% 

 

10     50% 

 

P value 

 

0.002
* 

Grades: 0, none of cells showed expression; 1, less than 50 % of cells were stained; 2, 

50-80% % of cells were positive; 3, more than 80 % of positive cells were detected.  

* Significant 

 

 

 



EL-MINIA MED., BUL., VOL. 20,   NO. 1, JAN., 2009                                         Abd-Elghany et al 

_______________________________________________________________________________ ___  

400 
 

E. Correlation between all histo-

pathological variants and percentage 

of cells positive for P 16 staining 

Concerning different 

histopathological variants (Table 4), it 

was shown that the positive expression 

for p16 in pre-neoplastic and neo-

plastic histopathological cervical 

lesions was in gradual significant 

increase among different histo-

pathological variants (P < 0.001). In 

the normal epithelia of cervical 

mucosa, there was complete lack of 

expression in all cases (i.e. negative 

expression in 100%). In pre-neoplastic 

and neoplastic tissues, p16 positive 

immunoreactivity could be detected in 

10/12 (83.3%) of LSIL cases, in all 18 

cases (100%) of HSIL and in 19/20 of 

SCC cases (95%). Also there was 

gradual increase in the positive cases 

with scores 2 and 3 from two 

cases(16.6%) in LSIL cases, then it 

reached maximum positivity rate 

where it was expressed in16 cases 

(88.1%) of HSIL cases and 16 cases 

(80%) of SCC cases. This denotes that 

the scoring of p16 is increased with the 

progression from normal to LSIL and 

from LSIL to HSIL and SCC.  

 

 

Table (5): Correlation between the grades of p16 expression among different groups  

                  involved in the study  

 

 

Diagnosis 

Percentage of positive cells for P16 

Grade 0 

n             % 

Grade 1 

n             % 

Grade 2 

n            % 

Grade 3 

n            % 

 

Low SIL (n=12) 

 

 

10        83.3% 

 

0           

 

1        8.3% 

 

1      8.3% 

 

HSIL (n=18) 

 

0 

 

2           11.1% 

 

2         11.1% 

 

14      77.8% 

 

SCC (n=20) 

 

1          5% 

 

2           10% 

 

7        35% 

 

10     50% 

 

P value 

 

<0.001
* 

Grades: 0, none of cells showed expression; 1, less than 50 % of cells were stained; 2, 

50-80% % of cells were positive; 3, more than 80 % of positive cells were detected.  

* Significant 
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Figure (1) Faint expression of VHR in normal cervical epithelia 

 

        

 
 

Figure (2) Positive immunostaining of VHR in LSIL 
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Figure (3) Strong staining of VHR in HSIL 

 

 

 
 

Figure (4) Immuoreactivity of VHR in invasive SCC 
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Figure (5) Complete absence of p16 expression in normal epithelium (left) while 

adjacent area of LSIL shows positive immunoreactivity (right)  

 

 

 
 

Figure (5-B) Higher magnification of LSIL positive immunostaining in previous 

case in Figure (5-A) 

 

 

 



EL-MINIA MED., BUL., VOL. 20,   NO. 1, JAN., 2009                                         Abd-Elghany et al 

_______________________________________________________________________________ ___  

404 
 

 
 

Figure (6) Strong nuclear staining of p16 in HSIL 

 

 

 
 

Figure (7) Immunoexpression of p16 in invasive SCC 
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DISCUSSION: 

 The development and 

progression of cervical carcinoma is 

dependent on both genetic and 

epigenetic events, including alterations 

in the cell cycle machinery at various 

checkpoints. It has been reported that 

cervical carcinoma is associated with 

aberrant regulation of cyclins D1 and 

E, p16, p21 and p27 (Milde-langosch 

et al., 2001). Recently, the newly 

described cell cycle regulator Vaccinia 

H1-related (VHR) protein, encoded by 

the DUSP3 gene (Ishibashi et al., 

1992), has been reported to be 

important for cell cycle progression as 

it tempers Erk and Jnk during the S 

and G2/M phases of the cell cycle, 

where excessive activity of these 

kinases can activate cell cycle check 

points (Cerignoli et al., 2006; 

Rahmouni et al., 2006). In the current 

study we have investigated the 

expression of VHR in a series of pre-

neoplastic intraepithelial squamous 

lesions (LSIL and HSIL) and invasive 

squamous cell carcinoma (ISCC) in 

order to assess its role in progression 

of cervical carcinoma. The significance 

of p16
INK4A

 as a useful diagnostic 

biomarker was evaluated as well in the 

same series of cervical tissue samples 

then the relationship between the two 

markers was evaluated. 

 
In this study, VHR expression at 

the protein level has been investigated 

using immunohistochemistry technique in 

a series of formalin-fixed and paraffin-

embedded tissues of normal exocervix (n 

=10), low-grade SILs (n =12), high-grade 

SILs (n =18) and invasive squamous cell 

carcinoma SCCs (n =20). The VHR was 

expressed at very low level only in the 

cytoplasm of para-basal cell layers of the 

normal squamous epithelium while both 

nuclear and cytoplasmic staining was 

observed in LSIL and HSIL.  The VHR 

was significantly up-regulated in 

squamous intraepithelial lesions (SILs) of 

the cervix in low grade SIL L-SIL 

(p<0.05) and high grade SIL (H-SIL) 

(p<0.0001) in comparison to normal 

exocervix. In cases of invasive squamous 

cell carcinoma, VHR was highly 

expressed with predominant nuclear 

localization in the malignant cells and 

such expression was statistically 

significant (p <0.0001) when compared 

with its expression in normal exocervix. 

These results are in agreement with those 

reported by Henkens et al (2008) who 

found that in the primary cervical 

carcinomas, VHR was highly expressed in 

many epithelial cells of all the H-SIL 

analyzed in that study as well as in SCCs, 

where the intensely stained cells increased 

markedly in SCC cases. Taken together 

such results suggest that VHR can be 

considered as a new marker for cancer 

progression in cervical carcinoma.  

 

The authors mentioned as well 

that the staining for VHR was 

compared to that of p16, in spite of not 

showing such data,  and they found 

that all the VHR-positive cells were 

also positive for p16 which is 

considered as a marker of cervical 

(pre)cancer cells (Aguilar-Lemarroy 

et., 2002). Such finding was explained 

on the basis of that VHR is barely 

detectable in G1 phase cells, but 

gradually increases during the prog-

ression of the cells to G2/M phase 

(Rahmouni et al. (2006). Thus, they 

proposed that similar like p16, VHR 

can be considered as a marker of cells 

in cycle (S, G2 and M phases). 

Interestingly, in the present study, we 

have found a positive correlation 

between the expression of the p16
INK4A

 

and VHR (p=0.007). 

 

In our study we have looked at 

the association between p16
INK4a 

expression and cervical neoplasia. 

Immunohistochemical expression of 

p16
INK4a

 was detected only in 

dysplastic/neoplastic cells, and was 

never observed in normal cervical 

epithelium. In pre-neoplastic and 
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neoplastic lesions, it was shown that 

the positive expression for p16 is in 

gradual significant increase among 

different histopathological variants (P 

< 0.001), In the normal epithelia of 

cervical mucosa, there is complete 

negative expression in all cases (100%) 

i.e. no positive expression, in LSIL 

cases , it showed positive expression 

10/12 (83.3%) of LSIL cases, in all 18 

cases (100%) of HSIL and in 19/20 of 

SCC cases (95%). Also there was 

gradual increase in the positive cases 

with scores 2 and 3 from two cases 

(16.6%) in LSIL cases, then it reached 

maximum positivity rate where it was 

expressed in16 cases (88.1%) of HSIL 

cases and 16 cases (80%) of SCC 

cases. These results are similar to those 

found in one study where p16 was 

found in eight out of 13 cases of LSIL 

(61%), in HSIL cases, it showed 

positive expression in nine out of ten 

cases (90%) and in SCC cases, it 

showed positive expression in 19 out 

of 20 cases(95%). Also there was 

gradual increase in the positive cases 

that with score 2, 3 from seven cases 

(53.83%) in LSIL cases, to seven cases 

(70%) in HSIL cases and reached 

maximum positivity rate, 16 case(80%) 

in SCC cases. This denotes that the 

scoring of p16 is increased with the 

progression from normal to LSIL and 

from LSIL to HSIL, and SCC. Thus, 

p16
INK4a

 expression appears to be a 

robust, specific and sensitive 

biomarker of cervical neoplasia, 

confirming the results of previous 

studies (Klaes et al., 2001; Dray et al., 

2005; Agoff et al., 2003 and Negri et 

al., 2004). Although other pathways 

cannot be ruled out, increased expr-

ession of p16
INK4a

 in the setting of CIN 

probably occurs mainly as a result of 

inactivation of RB by high-risk HPVs. 

Circumstantial support for this premise 

comes from the observation that 

increasingly high p16
INK4a

 expression 

scores were seen in cervical specimens 

showing higher grades of CIN or 

invasive carcinoma, lesions known to 

be closely associated with high-risk 

HPV infection.  

 

Henkens et al (2008) has 

demonstrated that VHR is a cytosolic 

protein in primary keratinocytes, but 

localizes both in the cytoplasm and 

nucleus in cervix cancer cells. VHR 

does not contain recognizable nuclear 

localization or nuclear export sequ-

ences, but is small enough to passively 

diffuse into the nucleus. Thus, its 

exclusion from the nucleus in primary 

keratinocytes likely is an active 

process. The authors declared that 

preliminary results have shown that 

VHR associates with cyclins 

(unpublished observation), perhaps 

explaining its retention in the nuclear 

or cytosolic compartments in normal 

versus malignant cells. Thus, as pre-

viously proposed, it appears that VHR 

location may be connected to cell 

cycle-dependent transport of cyclins or 

dysregulation of cyclins in cancer 

(Milde-Langosch et al., 2001)   

 

  It has been reported that the 

HPV negative cell line C33A and HPV 

negative adenocarcinomas are 

p16INK4A positive, which indicates 

that a non- HPV dependent p16INK4A 

expression pathway may also exist 

(Kales et al., 2001). Interestingly, VHR 

was increased at the protein level in 

five different cervix cancer cell lines 

positive (HeLa, CaSki and SiHa) or 

negative (C33 and HT3) for HPV 

compared to primary keratinocytes 

prepared from hysterectomies (Hekens 

et al (2008). Such results have shown 

that VHR expression is not related to 

the high risk human papilloma virus.  

 

Rahmouni et al. (2006) and 

Cerignoli et al. (2006) have reported 

that the human Vaccinia H1-related 

(VHR) dual-specific protein tyrosine 
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phosphatase regulates cell-cycle 

progression and is itself modulated 

during the cell cycle. Using RNA 

interference (RNAi), they demon-

strated that cells lacking VHR arrest at 

the G1-S and G2-M transitions of the 

cell cycle and show the initial signs of 

senescence, such as flattening, 

spreading, appearance of autophago-

somes, beta-galactosidase staining and 

decreased telomerase activity. In 

agreement with this notion, cells 

lacking VHR were found to upregulate 

p21 (Cip-Waf1), whereas they 

downregulated the expression of genes 

for cell-cycle regulators, DNA 

replication, transcription and mRNA 

processing. Loss of VHR also caused a 

several-fold increase in serum-induced 

activation of its substrates, the 

mitogen-activated protein (MAP) 

kinases Jnk and Erk. VHR-induced 

cell-cycle arrest was dependent on this 

hyperactivation of Jnk and Erk, and 

was reversed by Jnk and Erk inhibition 

or knock-down. They concluded that 

VHR is required for cell-cycle 

progression as it modulates MAP 

kinase activation in a cell-cycle phase-

dependent manner. Thus, by elevating 

the levels of VHR, cancer cells would 

prevent Erk and Jnk from becoming 

too active in S through G2, while still 

allowing them to drive G1 progression. 

In support of this view, it was recently 

reported that both Erk and Jnk are less 

active in invasive cervical malignant 

cells than in premalignant epithelial 

lesions (Engelbrecht et al., 2006) 

 

VHR is regulated during cell 

cycle progression and because its 

suppression by RNA interference 

(Rahmouni et al., 2006) halts cellular 

proliferation and induces cellular 

senescence, and, more importantly, 

because of its overexpression in the 

cervical cancer, it has been suggested 

that VHR may be a good target for 

anticancer therapy. It has been 

proposed that cervical cancer cells that 

have adapted to high levels of VHR 

expression can be sensitive to VHR 

small inhibitors and that untransformed 

cells are much less dependent on VHR 

for proliferation and survival (Henken 

et al., 2008). The investigators 

mentioned that they have already 

developed novel multidentate small 

molecule inhibitors of VHR that inhibit 

its enzymatic activity at nanomolar 

concentrations in vitro, and are active 

at low micromolar concentrations on 

several cell lines and primary cells. In 

that unpublished work they have tested 

these inhibitors on HeLa and primary 

keratinocytes and demonstrated that 

they halt HeLa cells proliferation while 

they have no effect on primary 

keratinocytes. 

 

VHR has been investigated in 

other tissues like breast and prostate to 

elucidate its proposed role. Recently, 

Arnoldussen et al. (2008) systema-

tically investigated the possible regu-

lation of mitogen-activated protein 

kinase phosphatases/dual-specificity 

phosphatases during apoptosis of 

LNCaP cells and found that Vaccinia 

H1-related protein (VHR/DUSP3) is 

up-regulated by androgens during 

inhibition of apoptosis in androgen-

dependent LNCaP cells, but not in 

androgen-independent DU145 cells. 

They showed as well that VHR is 

increased in prostate cancer tissues 

compared with normal prostate. All 

together their data suggest that VHR 

may have a role in prostate cancer 

progression. In breast cancer cells, Hao 

and El-Shamy (2007) have shown that, 

overexpression of BRCA1-IRIS 

induces Cyclin D1 overexpression and 

increases cell proliferation. BRCA1-

IRIS overexpression decreases the 

expression of the dual specificity 

phosphatase, DUSP3/VHR, an endo-

genous inhibitor of several MAPKs, 

including c-Jun N-terminal kinase. 
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Although, the mechanism by which 

BRCA1-IRIS overexpression accom-

plishes that is not yet known, it is 

sufficient to induce Cyclin D1 

overexpression in a human mammary 

epithelial cell model. Cyclin D1 over-

expression could be blocked by co-

overexpression of VHR in those cells.  

 

CONCLUSION: 
The results of the current study 

support the findings of other reports 

that VHR is an important cell cycle 

regulator. Loss of this phosphatase 

causes senescence and prolonged 

hyperactivation of Erk and Jnk 

pathways. The results of this study 

together with published recent reports 

suggest that VHR can be considered as 

a new marker for cancer progression in 

cervical carcinoma and a potential new 

target for anticancer therapy by 

induction of senescence in tumour 

cells. SIL grade was positively 

correlated to the expression of 

p16
INK4A

. Our results confirm that p16 

can be a useful biomarker in the 

diagnosis of cervical neoplasia. 
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 انًهخص انعشبٗ

 فٗ حطٕس سشطاٌ عُق انشزى 1بسث دٔس فاكسيُيا فيشٔس فٗ أحش 

 بٕاسطت

 يًاٌ صلاذ انذيٍ** ٔعًاد يٕسٗ***إسًاعيم عبذانغُٗ* ٔإيُال 

 خايعت انًُيا –كهيت انطب  -اقساو *انباثٕنٕخٗ ٔ***انُساء ٔانخٕنيذ

 خايعت سْٕاج -كهيت انطب -ٔقسى **انباثٕنٕخٗ

 

قذ حى ركش دٔسِ انسساس فٗ  3ٔس ٔانزٖ يًثم عٍ طشيق انديٍ دٖ يٕ اس بٗ اٌ فاكسيُيا فيش

حطٕس دٔسة انخهيّ ٔنقذ اثبخج انذساساث انسذيثّ اٌ َقصّ يؤدٖ انٗ حٕقف انًُٕ فٗ انًشزهخيٍ 

فٗ حشخيص سشطاٌ عُق انشزى  11فٗ زالاث سشطاٌ عُق انشخى. اٌ اًْيّ بٗ  2ٔخٗ  1خٗ

ساث , ٔنقذ حى حصًيى ْزِ انذساسّ بغشض حقييى دٔس فٗ احش اس قذ ركشث فٗ انعذيذ يٍ ا نذسا

كذلانّ حسخخذو فٗ انخشخيص ثى  11فٗ حطٕس سشطاٌ عُق انشزى ٔايضا نًعشفّ اًْيّ دٔس بٗ 

 12زالاث طبيعيّ ٔ 11حهٗ رنك دساست انعلاقّ بيٍ انعايهيٍ, ٔنقذ حضًُج انذساسّ ْزِ انذساسّ 

زانّ سشطاَيّ ٔنقذ حى اسخخذاو انصبغّ  21حفعّ انذسخّ ٔزانّ يش 11زانّ يُخفضت انذسخّ  ٔ

انٓسخٕكيًيائيّ انًُاعيّ نذساسّ ْزيٍ انبشٔحيُيٍ, ٔنقذ اظٓشث انذساسّ اٌ ال فٗ احش اس يٕخذ 

يشازم ياقبم انٕسو سٕاء انًُخقضت أ انًشحفعّ ايا فٗ زانّ انسشطاٌ فهقذ ٔخذ بٕفشِ ٔخاصّ 

ذسخا فٗ اصدياد فٗ انصبغّ يٍ انسالاث يُخفضت انذسخّ انٗ فهقذ اظٓش ح 11فٗ انُٕاِ ايا بٗ 

انذسخّ انعانيّ انٗ زالاث انسشطاٌ , اٌ َخائح ْزِ انذساست حقخشذ اٌ يكٌٕ  ل ل قٗ احش اس 

 11دٔس يبشش كذلانّ فٗ سشطاٌ عُق انشزى ٔيًكٍ اٌ يصبر ْذف نهعلاج, ٔبانُسبّ نهبٗ 

 حساعذ عهٗ انخشخيص.فانُخائح حؤكذ ياسبق ركشِ يٍ كَّٕ دلانّ 


