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Abstract: Objective To preliminarily discuss the role of fragile histidine triad (FHIT) gene, human wings apart-like (hWAPL) 

gene, survivin gene in lymphatic metastasis of cervical squamous cell carcinoma. Method Expression of FHIT, hWAPL and 

survivin in 30 cases of normal squamous epithelium, 30 cases of CIN III and 60 cases of cervical squamous cell carcinoma was 

detected using the immunohistochemical technique. A statistical analysis was conducted for the relationship between the 

expression levels of FHIT, hWAPL and survivin and clinical pathologic parameters through expression count LVD of FHIT. 

Results FHIT value is 1.93±0.57 in the group of normal squamous epithelium, 2.87±0.63 in the group of CIN III and 4.12±0.72 in 

the group of cervical squamous cell carcinoma. The difference has statistical significance (P<0.05). The positive expression of 

hWAPL in normal cervical tissues is 0.00% (0/30), the positive expression rate is 36.67% (11/30) in the group of CIN III, and the 

positive expression rate is 63.33% (38/60) in the group of cervical squamous cell carcinoma. The difference has statistical 

significance (P<0.01). The positive expression rate of survivin in normal cervical tissues is 0.00% (0/30), the positive expression 

rate is 30.00% (9/30) in the group of CIN III, the expression rate is 61.67% (37/60) in the group of cervical squamous cell 

carcinoma. The difference has statistical significance (P<0.01). Conclusion FHIT, hWAPL and survivin promote 

lymphangiogenesis during occurrence and progression of cervical squamous cell carcinoma and lymphangiogenesis plays a vital 

role in lymphatic metastasis of cervical squamous cell carcinoma. 
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1. Background 

Cervical cancer is a common malignant tumor of the female 

reproductive system. There are approximately 510,000 new 

cases and 288,000, death case all over the world. And the 

morbidity is rising year by year and cervical cancer commonly 

occurs among the young population. In China, the morbidity 

of cervical cancer is the highest among gynecologic malignant 

tumors and cervical cancer is second only to breast cancer as 

one of the primary causes of female death [1]. Main metastatic 

routes of cervical cancer include direct spreading and 

lymphatic metastasis. Lymphatic metastasis may occur in 

early-stage cervical cancer and lymphatic metastasis is the 

leading cause influencing treatment and prognosis of patients 

with cervical cancer [2]. Based on clinical statistics, The 

survival rate of patients with cervical cancer without 

lymphatic metastasis over 5 years can reach 80-90% and the 

survival rate of those with local or distant metastasis is only 

50.9% and 16.9% [3]. Therefore, probe into the mechanism of 

lymphatic metastasis of cervical cancer is significant to 

treatment of cervical cancer and improvement of patient 

prognosis. 

The specific mechanism of lymphatic metastasis of 

malignant tumor still remains unclear. It is generally accepted 

that tumour cells can invade into lymphatic capillaries, then 

aggregate to form tumor embolus and enter lymphatic vessels 

and regional lymph nodes at a lower level. Finally, lymphatic 

metastasis forms. [4]. In some researches, it is considered that 

lymph is identical to interstitial fluid; lymphatic vessel lumen 

is large and lymph has a low flow rate. Tumour cells are more 

likely to survive in lymphatic vessels. Basilar membranes of 
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lymphatic vessels are discontinuous and No tight junction 

exists among endothelial cells. Therefore, tumour cells are 

more likely to invade into lymphatic vessel lumens through 

lymphatic vessel walls leading to lymphatic channel 

metastasis. [5]. Currently, it can be inferred that metastasis 

lymphatic of tumor is formed through lymphatic vessels based 

on the two viewpoints: First, the tumour cells invade into 

lymphatic vessels around tumor tissues and tumour cells enter 

lymphatic vessels to allow for lymphatic metastasis; second, 

tumour cells can induce lymphatic vessels formation thus 

increasing approaches for lymphatic metastasis [6]. In recent 

years, finding of lymphatic vessel markers, such as fragile 

histidine triad (FHIT) gene, human wings apart-like (hWAPL) 

gene, survivin gene, renal tubule foot process cell membrane 

mucoprotein etc., and lymphangiogenesis factor has 

substantially promoted related researches on lymphatic 

vessels [7]. 

In the research, expression of FHIT, hWAPL and survivin in 

cervical squamous cell carcinoma tissues was detected using 

the immunohistochemical technique to preliminarily discuss 

the role of FHIT, hWAPL and survivin in lymphatic metastasis 

of cervical squamous cell carcinoma. 

2. Material and Methods 

2.1. Object of Study 

Extensive uterus resection + pelvic lymph node dissection 

were performed for 60 cases with cervical squamous cell 

carcinoma at our hospital from May, 2012 to May, 2013. 

Cervical paraffin specimens demonstrated as cervical 

squamous cell carcinoma based on postoperative pathology 

was classified as the cervical squamous cell carcinoma group. 

All patients had complete and clinical data and did not 

received any radiotherapy and chemotherapy. 30 cervical 

paraffin specimens with uterus resected due to CIN III during 

the corresponding period is classified as the CIN III group. 

Another 30 normal Cervical paraffin specimens with uterus 

resected due to hysteromyoma surgery during the 

corresponding period is classified as the control group for 

research. 

2.2. Material and Instrumentation 

Rabbit Anti Human FHIT, Rabbit Anti Human hWAPL and 

Rabbit Anti Human survivin were purchased from U.S. 

Fermentas Company; immumohistochemical staining kit were 

purchased from Hangzhou Biowish biotechnology Co. Ltd.; 

DAB, PBS and citrate buffer were purchased from Shanghai 

Boyan Biotechnology Co., Ltd. The microscope was 

purchased from U.S. Corvallis Scientific Instrument and 

Equipment Co. Ltd. 

2.3. Tissue Processing 

The paraffin block was sectioned in 5µm thickness 

continuously with a paraffin slicing machine and the sections 

were placed in the oven at 60°C overnight. The sections were 

taken out and placed into the dimethylbenzene solution I for 

dewaxing for 10 minutes and then placed into the 

dimethylbenzene solution II for dewaxing for 10 minutes. The 

tissue sections hydrated and dewaxed were placed on a 

high-temperature-resistant staining rack and placed into 

boiling sodium citrate buffer for high-pressure antigen 

retrieval. The glass slide was taken out after 30min and 

washed with distilled water for 5 minutes X 2 times and with 

PBS for 5 minutes X 2 times. It was incubated in 3%H2O2 at 

room temperature for 30 minutes to eliminate activity of 

endogenous peroxidase and then washed with PBS for 2 

minutes X3 times. It was stored in the heat preservation box at 

4°C and incubated in the refrigerator overnight after primary 

antibodies were added dropwise. It was washed with PBS for 

3 minutes X 3 times. Fresh prepared DAB color development 

solution was instilled. The staining time should be controlled 

based on color development under the microscope. The 

reaction should be terminated subject to sufficient positive 

color development without interference of variegated colors in 

the background. It was counterstained with hematoxylin for 

30 minutes and washed sufficiently. It was destained with 1% 

hydrochloric acid differentiating solution for several seconds, 

washed sufficiently with water and dehydrated with ascending 

gradient alcohol. It was cleared in the dimethylbenzene 

solution for 5 minutes and observed under the microscope 

after being sealed with neutral gum. In each group, positive 

sections provided by the reagent company served as the 

positive control and PBS served as the blank control instead of 

primary antibodies. 

2.4. Determination of Immunohistochemical Staining 

Results 

Comprehensive scoring was performed based on staining 

intensity and percentage of positive cells. Scoring was 

performed based on gradation of specific staining present in 

tumour cells: colourless, 0 point, faint yellow, 1 point, 

brownish orange, 2 points, sepia, 3 points; percentage of 

positive cells was scored: negative, 0 point, positive 

cells≤10%, 1 point, positive cells 11%-50%, 2 points, positive 

cells 51%-75%, 3 points, positive cells>75%, 4 points. The 

immunoreaction will be deemed negative if the product of 

staining intensity and score of percentage of positive cells>3. 

Two persons will be arranged for respective judgement and a 

third party will be requested in case of any dispute [8]. 

2.5. Calculating Lymphatic Vessel Density (LVD) 

FHIT positive staining was expressed in a tubular structure. 

Lymphatic vessel density (LVD) was calculated with FHIT 

positive expression. The lymphatic vessels were counted with 

the Weidner method: the sections were observed 

comprehensively under a low power microscope to determine 

the site with the highest destiny in the lymphatic vessels, i.e. 

hotspot. Then the number of lymphatic vessels with hotspots 

being stained under a high power microscope. As for the 

counting criteria, a single stained positive endothelial cell or 

endothelial cell cluster was counted as a positive lymphatic 

vessel with 5 fields for each count. The average value was 
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regarded as the density of the lymphatic vessels. 

2.6. Statistical Analysis 

The SPSS 15.0 statistical method was used for analysis. The 

measurement data was analysed with the t test or one-way 

variance. Enumeration data was tested. Correlation analysis 

was conducted with Sperman correlation analysis. If P<0.05 

the difference has statistical significance. 

3. Results 

3.1. Clinical Pathological Data 

The group of cervical squamous cell carcinoma: aged 33-62, 

average age 49.16±12.92. Among the group, 28 cases in Stage 

I, 32 cases in Stage II; 35 case with lymphatic metastasis, 25 

cases with lymphatic metastasis; 23 cases with tumor 

diameter>4cm and 37 cases with tumor diameter ≤4cm. The 

group of CIN III: aged 30-61, average age 47.26±11.64. The 

group of normal cervix: aged 31-60, average age 48.61±11.95. 

The age difference among the three groups has no statistical 

significance. 

3.2. Expression of FHIT in Cervical Tissues and LVD Value 

FHIT is mainly expressed in lymphatic endothelial cells and 

positive stained lymphatic vessels exhibit a brownish yellow 

color. Morphology of lymphatic vessels in squamous 

epithelial tissues of a normal cervix is regular. Lymphatic 

vessels in cervical squamous cell carcinoma tissues are mainly 

distributed around tumor tissues with irregular morphology 

and expanded lumens. Lumens of lymphatic vessels within the 

tumor tissues are small with strip or cluster-shaped structure. 

LVDs of different cervical tissues were calculated based on 

FHIT positive expression. LVD value is 1.93±0.57 in the 

group of normal squamous epithelium, 2.87±0.63 in the group 

of CIN III and 4.12±0.72 in the group of cervical squamous 

cell carcinoma. The difference has statistical significance 

(P<0.05). See Table 1 and Figure 1. 

Table 1. LVDs of Different Cervical Tissues. 

Group Number of Cases LVD Value 

Normal Cervical Tissues 30 1.93±0.57 

CIN III Group 30 2.87±0.63* 

Group of Cervical Squamous Cell Carcinoma 60 4.12±0.72*# 

Legend: Compared with the normal cervix, *P<0.05; compared with CIN III, #P<0.05. 

 
Figure 1. Expression of FHIT in Cervical Tissues. 

Legend: A. Expression of FHIT in normal cervical tissues; B. Expression of FHIT in CIN III; C. Expression of FHIT in cervical squamous cell carcinoma tissues. 

3.3. Analysis on Clinical Pathological Parameter 

Relationship Between LVD and Cervical Squamous 

Cell Carcinoma 

LVD in the group of Stage I cervical squamous cell 

carcinoma is 5.11±1.37 and 6.25±1.43 in the group of Stage 

II cervical squamous cell carcinoma. The difference has 

statistical significance (P<0.05). LVD is 7.38±1.82 in the 

group with lymph node metastasis and 5.72±1.66 in the 

group without lymph node metastasis. The difference has 

statistical significance (P<0.05). LVD is 6.92±1.83 in the 

poorly differentiated group, 4.36±1.71 in the moderately 

differentiated group and 2.62±1.48 in the highly 

differentiated group. The difference has statistical 

significance (P<0.05). LVD is 6.08±2.07 in the group with 

diameter of tumor >4cm and 7.72±2.11 in the group with 

diameter of tumor ≤4cm. The difference has statistical 

significance (P<0.05). See Table 2. 

Table 2. Clinicopathological Parameter of LVD and Cervical Squamous Cell 

Carcinoma. 

Clinicopathological Parameter Number of Cases LVD Value 

Clinical Stages   

Stage I 28 5.11±1.37 

Stage II 32 6.25±1.43 

Lymph Node Metastasis   

Yes 35 7.38±1.82 

No 25 5.72±1.66 

Pathological Grading   

Poorly Differentiated 36 6.92±1.83 

Moderately Differentiated 17 4.36±1.71* 

Highly Differentiated 7 2.62±1.48*# 

Tumor Size   

>4cm 23 6.08±2.07 

≤4cm 37 7.72±2.11 

Legend: Compared with the poorly differentiated group, *P<0.05; compared 

with the moderately differentiated group, #P<0.05. 
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3.4. Expression of hWAPL in Cervical Tissues 

hWAPL is primarily expressed in cervical squamous cell 

carcinoma or cervical intraepithelial neoplasias cell cytoplasm 

and positive staining exhibits light yellow to reddish brown 

granular shape. hWAPL hardly has positive staining or 

exhibits weak staining in normal cervical squamous epithelial 

tissues. Based on immunohistochemical criteria, the positive 

expression is 0.00% (0/30), the rate of positive expression is 

36.67% (11/30) in the group of CIN III and 63.33%(38/60) in 

the group of cervical squamous cell carcinoma. The difference 

has statistical significance (P<0.01). See Table 3 and Figure 2. 

Table 3. Expression of hWAPL in Different Cervical Tissues. 

Group Number of Cases Positive Expression Positive Rate (%) 

Normal Cervical Tissues 30 0 0.00 

CIN III Group 30 11 36.67 

Group of Cervical Squamous Cell Carcinoma 60 38 63.33 

P Value 0.000 

 
Figure 2. Expression of hWAPL in Cervical Tissues. 

Legend: A. Expression of hWAPL in normal cervical tissues; B. Expression of hWAPL in CIN III; C. Expression of hWAPL in cervical squamous cell carcinoma 

tissues. 

3.5. Analysis on Clinical Pathological Parameter 

Relationship Between hWAPL Expression and Cervical 

Squamous Cell Carcinoma 

Based on the disease extent of tumor tissues, cervical 

cancer was divided into four stage clinically. In the research, 

cervical paraffin specimens of Stage I and II cervical 

squamous cell carcinoma treated directly with a surgery 

without any other therapeutic intervention were selected for 

research. Expression of hWAPL was different in different 

clinical stages. The positive expression rate of hWAP in the 

group of Stage I cervical squamous cell carcinoma is 46.43% 

and 75.00% in the group of Stage II cervical squamous cell 

carcinoma. The difference has statistical significance 

(P<0.05). The positive expression rate of hWAP is 74.29% in 

the group with lymph node metastasis and 48.00% the group 

without lymph node metastasis. The difference has statistical 

significance (P<0.05). The positive expression rate of hWAP 

is 77.78% in the poorly differentiated group and 41.67% in 

the moderately and highly differentiated group. The 

difference has statistical significance (P<0.05). The positive 

expression rate of hWAP is 82.61% in the group with tumor 

diameter >4cm and 56.56% in the group with tumor diameter 

≤4cm. The difference has statistical significance (P<0.05). 

See Table 4. 

Table 4. Expression of hWAP and Clinicopathological Parameters of Cervical Squamous Cell Carcinoma. 

Clinicopathological Parameter Number of Cases Negative Expression Positive Rate (%) P Value 

Clinical Stages     

Stage I 28 13 46.43 
0.013 

Stage II 32 24 75.00 

Lymph Node Metastasis     

Yes 35 26 74.29 
0.019 

No 25 12 48.00 

Pathological Grading     

Poorly Differentiated 36 28 77.78 
0.008 

Moderately and Highly differentiated 24 10 41.67 

Tumor Size     

>4cm 23 19 82.61 
0.021 

≤4cm 37 20 55.56 

 

3.6. Expression of Survivin in Cervical Tissues 

Survivin is primarily expressed in cervical squamous cell 

carcinoma or cervical intraepithelial neoplasias cell karyon 

and seldom expressed in cytoplasm, and positive staining 

exhibits light yellow to reddish brown granular shape. 

Survivin hardly has positive staining or exhibits weak 

staining in normal cervial squamous epithelial tissues. Based 

on immunohistochemical criteria, the positive expression is 

0.00% (0/30), the rate of positive expression is 30.00% (9/30) 
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in the group of CIN III and 61.67 (37/60) in the group of 

cervical squamous cell carcinoma. The difference has 

statistical significance (P<0.01). See Table 5 and Figure 3. 

Table 5. Expression of survivin in Different Cervical Tissues. 

Group Number of Cases Negative Expression Positive Rate (%) 

Normal Cervical Tissues 30 0 0.00 

CIN III Group 30 9 30.00 

Group of Cervical Squamous Cell Carcinoma 60 37 61.67 

P Value 0.000 

 
Figure 3. Expression of survivin in Cervical Tissues. 

Legend: A. Expression of survivin in normal cervical tissues; B. Expression of survivin in CIN III; C. Expression of survivin in cervical squamous cell carcinoma 

tissues. 

3.7. Analysis on Relationship Between Survivin Expression 

and Clinical Pathological Parameters of Cervical 

Squamous Cell Carcinoma 

The positive expression rate of survivin is 53.57% in the 

group of Stage I cervical squamous cell carcinoma and 81.25% 

in the group of Stage II cervical squamous cell carcinoma. The 

difference has statistical significance (P<0.05). The positive 

expression rate is 82.86% in the group with lymph node 

metastasis and 52.00% in the group without lymph node 

metastasis. The difference has statistical significance (P<0.05). 

The positive expression rate is 55.56% in the poorly 

differentiated group and 45.83% in the moderately and highly 

differentiated group. The difference has no statistical 

significance (P>0.05). The positive expression rate is 78.26% in 

the group with tumor diameter >4cm and 48.65% in the group 

with tumor diameter ≤4cm. The difference has statistical 

significance (P<0.05). See Table 6. 

Table 6. Expression of Survivin and Clinicopathological Parameters of Cervical Squamous Cell Carcinoma. 

Clinicopathological Parameter Number of Cases Negative Expression Positive Rate (%) P Value 

Clinical Stages     

Stage I 28 15 53.57 
0.022 

Stage II 32 26 81.25 

Lymph Node Metastasis     

Yes 35 29 82.86 
0.019 

No 25 13 52.00 

Pathological Grading     

Poorly Differentiated 36 20 55.56 
0.267 

Moderately and Highly differentiated 24 11 45.83 

Tumor Size     

>4cm 23 18 78.26 
0.023 

≤4cm 37 18 48.65 

 

4. Discussion 

Fragile histidine triad (FHIT) gene a gene located in 

chromosome 3p142 region, with full length of approximately 

500kb. FHIT coded protein is a typical diadenosine 

triphosphoric acid (Ap3A) hydrolase. Hydrolytic Ap3A 

makes relevant protein kinase activity become lower thus 

influencing the pathway of growth signals and inhibiting cell 

growth [9-10]. Some research results have show that the 

abnormal expression rate of FHIT exhibits an increasing trend 

during the process of normal cervix-cervical intraepithelial 

neoplasias-infiltrating carcinoma. Cervical cancer is 

susceptible to effect of external cancerogen and causes the 

gene's fragile site to rupture and decreasing or loss of FHIT 

protein expression. Precancerous lesions form and develop 

into infiltrating carcinoma after the cells obtain growth 

advantages. It indicates that FHIT gene plays a vital role in 

occurrence of cervical cancer as a cancer suppressor gene 

[11-12]. 

All of the existing researches support that new lymphatic 

vessels exist within and surround the tumor tissues [13]. It is 

still controversial whether metastasis of tumour cells occurs 

through lymphatic vessels in the vicinity of tumor or through 

lymphatic vessels within the tumor; some scholars hold that 

the surrounding tissues of the tumor have many lymphatic 
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vessels largely in a expansive state contributing to lymphatic 

metastasis of tumour cells; however, metastasis will not occur 

to lymphatic vessels due to the fact that they largely collapse 

and lose their functions as a result of hydrostatic pressure 

within the tumor [14]. Xiong and others analysed LVD value 

in the cervical squamous cell carcinoma tissue utilizing 

immunohistochemistry. The result has shown that LVD 

adjacent to the tumor relates to neoplasm staging, lymphatic 

vessel invasion and lymph node metastasis [15]. Lee and 

others have found within head and neck neoplasm there are 

lymphatic vessels with a small lumen. Some exhibit a lacuna 

shape and the morphology is different from lymphatic vessels 

in the vicinity of the tumor tissues. The number of lymphatic 

vessels within the tumor relates to tumor lymphatic metastasis. 

It was considered that malignant tumor is able to induce 

lymphangion genesis within the tumor and is related to tumor 

lymphatic metastasis [16]. Balsat and others have detected 

LVD marked by FHIT in tissue in 41 cases of cervical cancer 

and 12 cases of normal cervix and found that lymphatic 

vessels are observed within and around the tumor tissue and 

LVD is significantly higher than that of a normal cervix, which 

relates to lymph node metastasis and lymphatic vessel 

infiltration of cervical cancer, indicating that lymphatic 

vessels both within and around the tumor tissue play a vital 

role in lymph node metastasis of tumour cells [17]. In the 

research, SP immumohistochemical staining was performed 

for FHIT in normal cervical squamous epithelial tissue, CIN 

III and cervical squamous cell carcinoma paraffin tissue 

sections and it was found that the morphology of lymphatic 

vessels in normal cervical squamous epithelial tissue was 

regular while the morphology of lymphatic vessels in CIN III 

and tissue of cervical squamous cell carcinoma was irregular 

with an expansive lumen, small lumens of lymphatic vessels 

within tumor tissues exhibiting a strip or cluster-shaped 

structure. The lymphatic vessels are abundant in the marginal 

zone of cervical squamous cell carcinoma tumor and become 

smaller and have narrow lumens within interior tumor. 

Human wings apart-like (hWAPL) gene is gene that have be 

found to closely relate to cervical cancer and HPV in recent 

years. It is a homologous sequence of wings apart-like (WAPL) 

gene in drosophilae, located at 10q231, with a length of 

approximately 30793bp. It encodes a polymeric anchorin and 

dissociates polymerization of the chromosome arm duly in the 

earlier stage of mitosis. However, its overexpression can 

enable the sister chromatid to dissociate too early [18-19]. 

Some scholars have detected the expression levels of mRNA 

of the hWAPL in cervical cancer, ovarian cancer, breast cancer, 

lung cancer, renal carcinoma, colon cancer and their 

corresponding normal tissues and found that the mRNA 

expression of the hWAPL gene in cervical cancer increased 

significantly compared with that in other cancerous tissues 

and their corresponding normal tissues [20-21]. Researches 

also have found that expression of hWAPL in cervical cancer 

cells with positive and negative HPV was high but expression 

of hWAPL in the normal cervical tissue was lower [22]. Hence, 

hWAPL expression may be more closely related to cervical 

cancer compared with HPV infection [23]. The current 

researches have shown that the hWAPL gene is a 

high-expression gene for cervical cancer specificity [24]. In 

the research, the relationship between expression of hWAPL 

in normal cervical squamous epithelium, CIN III and cervical 

squamous cell carcinoma tissues, expression of HWAPL and 

the clinicopathologic characteristics of cervical squamous cell 

carcinoma (clinical stages, lymphatic metastasis, pathological 

grading and tumor size). 

5. Conclusion 

The survivin gene is located on chromosome 17q25 and its 

encoded survivin protein is a apoptosis inhibitory factor with 

significant effect discovered currently. Baculovirus 

anti-apoptosis protein repetitive sequence (bacu-loviral IAP 

repeat, BIR) and caspase 3, 7 and 9 are combined to inhibit 

apoptosis. It is located on the centromere and central spindle 

to regulate cell cycle [25-26]. Survivin exhibits high 

expression in most tumor tissues and relates to course 

development, prognosis and recurrence of many tumors [27]. 

Lu and others has detected expression of survivin in 30 cases 

of invasive cervical cancer, 15 cases of precancerous lesions 

and 10 cervicitis utilizing the immunohistochemistry 

technology and the real-time fluorescence quantification 

PCR technique. The result has indicated that the survivin 

protein and survivin mRNA shows only little expression in 

cervicitis tissue and shows significantly increased expression 

in sequence in precancerous lesions of uterine cervix and 

cervical cancer tissue (P<0.05). The quantity of expressed 

survivin mRNA in precancerous lesions of uterine cervix and 

invasive cervical cancer tissue is 11.0 times and 22.6 times of 

the cervicitis group respectively [28]. Some researches have 

further shown that expression of survivin is not relevant to 

age of patients and types of tumor growth but it has 

significant difference between different clinical stages and 

pathological grades (P<0.05). The later the clinical stage of 

cervical cancer is, the higher the pathological grade will be 

and the stronger the expression of survivin will be [29]. It 

indicates that survivin is closely related to genesis and 

progression and is a specific tumor marker with clinical 

significance. 
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