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ABSTRACT 
 

Background: Cell growth factors play important roles in the biological behavior of salivary gland tumors. 
Hepatocyte growth factor (HGF) is one cell growth factor that is attracting a great deal of attention as a 
multifunctional cytokine that not only induces hepatocyte growth, but also displays a wide variety of functions 
in various epithelial and endothelial cells. The purpose of the study was to evaluate the immunohistochemical 
expression of HGF in benign salivary gland tumors compared to the malignant ones, and to correlate its 
expression with the histological features of these neoplasms. 
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Introduction 
 

Material & Methods: HGF expression was studied in 30 formalin-fixed, paraffin-embedded archival 
specimens of different salivary gland neoplasms using immunohistochemical staining with anti-human 
hepatocyte growth factor (HGF) antibody. 

Results: The luminal cells of normal, benign and malignant salivary tissue expressed HGF. 
Immunoreactivity of HGF was detected in all types of salivary gland neoplasms. Benign tumors showed more 
intense immunoexpression (38±24.1) compared malignant ones (31.63±12.6). Conclusion: HGF might be 
implicated in the development of salivary gland neoplasia. This might guide future cancer prevention therapies 
involving HGF inactivation. 

Neoplasms that arise in the salivary glands are relatively rare, yet they represent a wide variety of both 
benign and malignant histological subtypes (Chahin & Kuafman, 2008)(Lee & Johnson, 2007). Despite of that, 
researches into the biological phenomena of salivary gland neoplasms are still scarce (Yamaguchi et al, 2004). 

Wolf et al, (1991) first reported that the normal ductal epithelium of human salivary gland immunohisto-
chemically expressed hepatocyte growth factor (HGF). In addition, Amano et al (1994) &Moroto et al (1998) 
reported that HGF was expressed in the submandibular ductal epithelium of adult rats and monkeys on mRNA 
and protein levels. These findings suggest a close association between HGF and the morphogenesis of human 
salivary ductal structure (Tsukinoki et al, 2003).  

Studies have reported that HGF is expressed in many tumors including salivary gland tumors, and is 
involved in tumor cell proliferation, metastasis, angiogenesis, apoptosis, inhibition and morphogenesis (Tsuji & 
Dubois, 1995 &Jaeckel et al, 2001). Furthermore, Tsukinoki et al (2003) & Aoki et al (2006) have reported an 
association between HGF and salivary gland tumor differentiation. Therefore, the present study was conducted 
to immunohistochemically evaluate the expression of HGF among different salivary gland neoplasms, in order 
to highlight its role in the development of this type of neoplasms. 
 
Material and Methods 

 
Thirty archival paraffin embedded specimens of cases diagnosed as salivary gland benign and malignant 

neoplasms were collected from the Surgical Pathology Department of National Cancer Institute, Cairo 
University and the Pathology Department, Faculty of Medicine, Cairo University. These included 14 benign 
neoplasms (eight cases of pleomorphic adenoma, five cases of Warthin's tumor, one case myoepithelioma) and 
16 malignant tumors (eight cases of mucoepidermoid carcinoma, five cases of adenoid cystic carcinoma, one 
case of acinic cell carcinoma, one case of myoepithelial carcinoma and one case of MALT lymphoma)  

Specimens were submitted to routine H&E staining to confirm the diagnosis using light microscopic 
examination. Four –five µm thick sections were obtained over tissue adhesive slides to be stained 
immunohistochemically. 
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Immunohistochemical Staining: 
 
For immunohistochemical examination, the anti-human hepatocyte growth factor (HGF) primary antibody 

(R&D system, UK, cat #AF-294-NA) antibody was reconstituted to a concentration of 15 mg/ml using ultraAb 
diluents (thermo scientific, USA, cat # TA-125-UD). Slide deparaffinization in xylol and rehydration was 
performed through successive embedding of the slides in graded alcohol. Endogenous peroxidase was blocked 
by incubating the slides in 3% H2O2. 

Antigen retrieval was carried out to unmask the antigens by incubating the tissue samples in buffer citrate 
solution in microwave oven at temperature 100 cº for 15 min. Sections were then washed twice using buffer 
phosphate  solution. Tissue sections were incubated with the primary antibody over night at 4ºC. Biotinylated 
Goat Anti-Polyvalent (UltraVision Detection System, Thermoscientific, USA cat # TP-015-HD) was applied; 
then streptavidin conjugated to horseradish peroxidase (UltraVision Detection System, Thermoscientific USA, 
cat # TP-015-HD) was applied. To visualize the antigen antibody reaction, one drop of diaminobenzedine 
(DAB) chromogen was added to 2 ml of DAB Substrate (UltraVision Detection System, Thermoscientific, 
USA, cat # TP-015-HD). Slides were immersed in Mayer's hematoxylin for counterstaining. Finally, the 
sections were covered by cover slips using aqueous mounting medium. 
 
Image and statistical analysis: 

 
The stained sections were assessed by ordinary light microscope to detect the positive and negative 

immunostaining of the examined sections. All the stained sections were examined by image analyzer computer 
system using the software Leica quin 500, Germany. 

The optical density of HGF immunostaining was estimated, expressed as mean  ±   standard deviation and 
used for generation of representative graphs. ANOVA test was used for statistical analysis of the difference 
between groups. Results were considered to be statistically significant at (p < 0.05), and then the results were 
tabulated. 
 
Results: 

 
The HGF was intensely expressed in the luminal cells of the ductal epithelium of normal salivary tissue, 

suggesting that HGF plays a role in salivary gland development (Fig. 1). 
In benign salivary gland neoplasms, the intensity of HGF immunoexperession was variable; being highest 

in Warthin's tumor and weakest in myoepitheliomas.  
 

 
       

Fig. 1: Photomicrograph of normal salivary gland tissue revealing positive cytoplasmic immunoreaction in the  
            ductal cells, while the acinar cells show negative reaction  (anti HGF x 200). 

 
In pleomorphic adenoma, HGF was highly expressed in the epithelial elements, whereas it was moderately 

shown in the myxoid tissue and showed further weaker expression in the chondroid tissue. In Warthin's tumors, 
HGF was expressed in the double layered epithelial lining of the papillary cystic space, while it was completely 
negative in the germinal centers and scattered lymphocytes (Fig. 2). 
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Fig. 2: Photomicrograph of Warthin's tumor showing positive HGF immunoreaction in the double-layered 
epithelium lining the papillary cystic spaces (C) & in the solid sheet of epithelial cells(s). Germinal 
centers (G) and lymphocytes (L) reveal a negative HGF immunoreaction (anti HGF x 200). 

 
In malignant neoplasms, MALT lymphoma and adenoid cystic carcinoma showed the highest expression. In 

MALT lymphoma, the positive reaction was observed in the residual non neoplastic cells of ductal epithelium of 
salivary gland and in the atypical neoplastic lymphocytes. 

In adenoid cystic carcinoma, HGF immunoreaction was observed in the cytoplasm of the neoplastic cells 
arranged in cribriform and solid patterns (Fig. 3). On the other hand, the low grade mucoepidermoid carcinoma 
revealed intense HGF immunostaining (Fig.4) compared to the high grade, indicating an association between 
HGF immunoexpression and the degree of tumor differentiation. 

 

 
 
 

Fig. 3: Photomicrograph of adenoid cystic carcinoma showing  HGF  immunoreaction in tumor cells arranged in  
            cribriform pattern (anti HGF x 200). 
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Fig. 4: A photomicrograph of low-grade mucoepidermoid carcinoma showing  HGF immunoreaction in 
epidermoid tumor cells showing criteria of malignancy and arranged in solid masses or surrounding 
cystic  spaces (anti HGF x200). 

 
Computer image analysis of HGF optical density: 

 
In pleomorphic adenoma, the epithelial element showed the greatest mean optical density (44.6 ± 1.69). 

Using ANOVA test, the difference between the myxoid, chondroid and epithelial elements was highly 
statistically significant (p=0.000). 

Within benign salivary gland neoplasms, Warthin’s tumor revealed the greatest HGF optical density, 
whereas the lowest value was recorded in myoepithelioma. ANOVA test revealed that the difference between 
benign neoplasms was statistically significant (table 1).  

Within malignant salivary gland neoplasms, MALT lymphoma revealed the greatest HGF optical density, 
whereas the lowest value was recorded in myoepithelial carcinoma and high-grade mucoepidermoid carcinoma. 
ANOVA test revealed that the difference between benign neoplasms was statistically significant (table 2). 
 
Table 1: Mean optical density of hepatocyte growth factor immunoexpression within benign salivary glands neoplasms 

 Mean Standard deviation 
Pleomorphic adenoma 38 5.72 
Warthin's tumor 62.8 9.07 
Myoepithelioma 14.7 2.21 
p value (ANOVA test) <0.0001 

*statistically significant 
 

Table 2: Mean optical density of hepatocyte growth factor immunoexpression within malignant salivary glands neoplasms 
 Mean optical density Standard deviation 
Mucoepidermoid ca.  high grade 18 1.81 
Mucoepidermoid ca.  low grade 29.5 5.65 
Adenoid cystic carcinoma 45 2.19 
Acinic cell carcinoma 35.6 1.62 
Myoepithelial carcinoma 16.6 4.1 
MALT lymphoma 45.1 0.422 
p value (ANOVA test) <0.0001 

*statistically significant 
 
Comparing benign and malignant salivary gland neoplasms: 

 
Using the computer image analyzer system, the greatest optical density for HGF immunoxpression was 

detected in the normal salivary tissue (45.702± 1.54), followed by the benign neoplasms (38.5±24.10). The 
lowest value was detected in the malignant neoplasms (31.633±12.6) (Fig. 5).  Using the ANOVA test, the 
difference between normal tissue, benign and malignant neoplasms was not statistically significant (p= 0.26). 

 
 



830 
J. Appl. Sci. Res., 9(1): 826-832, 2013 
 

 

 
 

Fig. 5: Mean optical density of HGF in control benign and malignant salivary tissues 
 

Discussion: 
 
HGF expression is considered to be closely associated with the development of ductal structures during 

maturation in the fetal stage. The expression profiles observed in the current study basically agree with previous 
reports from rodent (Amano et al, 1994) and monkey (Moroto et al, 1998) salivary glands and adult normal 
mammary tissues (Wang et al, 1994). 

In the current studt, HGF was expressed in the ductal cells of normal salivary gland tissues, but was 
completely negative in the serous and mucous acinar cells. The immunohistochemical findings noted in the 
normal salivary tissues were in accordance with Tsukinoki et al (2003, 2005), who found intense HGF 
expression in the luminal cells, but observed no obvious expression in the outer ductal cells and myoepithelial 
cells. Tsukinoki et al (2003) also found some mild HGF immunoreactivity in the acinar cells, however, using in 
situ hybridization, they detected no signals in the acini. Similarly, Aoki et al (2006) found that HGF was 
expressed in the cytoplasm of ductal epithelium, but it was not detected in acinar cells or myoepithelium of the 
normal salivary glands. These findings are in agreement with the results of the current study. 

HGF expression in the benign neoplasms was confined to the luminal cells of the tubulo-ductal structures. 
This expression profile is similar to that detected in normal salivary tissue in the current Study. HGF expression 
in the luminal cells of the duct-like structures in salivary neoplasms has also been reported by Aoki et al (2006). 

In pleomorphic adenoma, HGF was highly expressed in the epithelial elements, while it was moderately 
shown in the myxoid pattern of the tumor, whereas the chondroid element revealed the least expression. In 
contrast to the weak immunoreactivity observed in the myxoid and chondroid elements of pleomorphic adenoma 
in the current study, Tsukinoki et al, (2005) & Aoki et al, (2006) reported complete absence of HGF expression 
in these elements. HGF expression in the luminal cells of the duct-like structures in salivary neoplasms has also 
been reported by Aoki et al (2006). 

In this study, Warthin’s tumor showed the most intense HGF immuno expression among all benign 
neoplasms. Reaction was shown in the luminal columnar cells lining the papillary cystic spaces, while it was 
completely negative in the germinal centers and lymphocytes. This expression pattern is in agreement with 
Tsukinoki et al (2003) who found that HGF was strongly expressed in tall columnar cells of the luminal layer, 
whereas there was no expression in the basal cells bordering the cystic spaces. 

The myoepithelioma included in this study showed very weak cytoplasmic HGF immunoexpression in both 
the spindle and hyaline (plasmacytoid) cell types detected in the tumor. However, Tsukinoki et al (2003) 
reported complete negativity of HGF in myoepitheliomas.  

Comparing the mean optical density of HGF in benign and malignant neoplasms in this study, it was found 
that benign tumors showed more intense immunoexpression than the malignant ones. This result agreed with 
that obtained by Tsukinoki et al (2003) who reported that, HGF tended to be more intensely expressed in benign 
salivary gland tumors than malignant salivary neoplasms. They explained that, by the tendency of HGF 
expression to be localized in luminal structures in various tumors, poorly differentiated malignant tumors 
composed of relatively abundant solid counterparts consistently express HGF less frequently. On the contrary, 
numerous studies in tissues other than salivary glands reported that expression of HGF is excessive in malignant 
tumors rather than their benign counterparts (To &Tsao, 1998). 

In the current study, MALT lymphoma (one of B-cell malignancies) showed the highest intensity of HGF 
immunoexpression among malignant tumors. HGF positive immunoreaction was seen in the non- neoplastic 
cells of the ductal system of salivary gland and also in the malignant lymphocytes. On the other hand, Tjin et al 
(2006) found that MET (HGF receptor) is mutated in B-cell malignancies. Moreover, diffuse large B-cell 
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lymphomas (DLBCL) showed overexpression of active HGF indicating that HGF/MET signaling is crucial in 
the development of DLBCL cells. 

Tsukinoki et al (2003) explained the expression of HGF in the tubular pattern of adenoid cystic carcinoma 
(ACC) by the tendency of HGF to be expressed in the highly differentiated luminal cells, whereas high grade 
malignant tumors such as the solid type adenoid cystic carcinoma reveal weak HGF expression. In other words, 
the extent of HGF expression reflects the level of tumor differentiation. 

In this study, acinic cell carcinoma cells showed positive cytoplasmic HGF immunoreaction. On the 
contrary, Tsukinoki et al (2003) reported that the expression of HGF in acinic cell carcinoma was confined to 
luminal cells. 

The mucoepidermoid carcinoma specimens included in this study showed difference in HGF 
immunoexpression according to the degree tumor differentiation, with more intense reaction in the low grade 
tumors. These results agree with those obtained by Tsukinoki et al (2005), who reported that the extent of HGF 
expression seems to reflect the level of tumor differentiation. 

On the contrary, Chen et al (2004) reported an association between HGF expression and high grade OSCC. 
This controversy can be attributed to the difference in the nature of these neoplasms, in addition to the variation 
in the study method, since Chen et al (2004) estimated the level of HGF in serum and did not perform an 
immunohistochemical study.                                                                                                      

In the current study, the only case of myoepithelial carcinoma showed mild HGF immunostaining. In 
contrast, Tsukinoki et al (2003) reported complete negativity for HGF in myoepithelial carcinoma, explaining 
that finding by the non-ductal histological appearance of this neoplasm. This heterogeneous finding can be 
attributed to the low number of studied cases.  

 In general, the findings of the current study showed that the luminal cells of normal, benign and 
malignant salivary tissue expressed HGF. These findings accords with Tsukinoki et al (2003) who concluded 
that these luminal cells are capable of producing HGF as emphasized by the observation of HGF mRNA 
expression. 

The expression of HGF in neoplastic salivary tissue points to its role in the development of this group of 
neoplasms. This justifies the need for the development of therapies based on inhibition of this factor. This 
potential therapeutic role has been noted by Kataoka et al (2000) who found that (HAI-1) a serine protease 
inhibitor of active HGF, decreased in colorectal cancer cells compared with adjacent non-neoplastic tissues, 
suggesting that HGF inhibition is cancer- preventive. 
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