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			ABSTRACT

		

		
			Transforming growth factor-alpha (TGF-α) is a mitogen polypeptide that regulates the pre and post-natal development, structure and function of salivary glands. The localization of TGF-α in post-natal submandibular gland (SMG) of rats and humans is well-studied. However, less is known regarding post-natal sublingual salivary gland (SLG) development and expression of TGF-α. The comparison of TGF-α expression in SLG with that of its expression in SMG during post-natal rat salivary gland development has not been documented in the literature so far. Following ethical approval, a total of twelve rats were divided into two groups. Group A1 consisted of six animals taken at the age of four weeks and sacrificed at age of five weeks. Group A2 contained six animals taken at age of eight weeks and sacrificed at age of nine weeks. The post-natal submandibular and sublingual salivary glands of both the groups were processed for comparison of immunohistochemistry for TGF-α expression at week five and week nine. Expression of TGF-α was noted in the ductal epithelial cells of SLG that was found to be comparatively increased at the age of five weeks and reduced at age of nine weeks. The expression of TGF-α between both glands at age of nine weeks showed a decreased expression in SLG as compared to that of SMG. A decrease in the expression of TGF-α in SLG occurs with progression of post-natal salivary gland development. This decrease in TGF-α expression in SLG occurs earlier and is more as compared to that of the SMG.
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			Introduction

			Exocrine glands such as salivary glands, lacrimal glands and mammary glands secrete a variety of peptide growth factors which are crucial for their development, cellular proliferation, differentiation and healing (Kouidhi et al., 2012). In rats, major salivary gland is the submandibular gland (SMG), and it is considered as an excellent model to study pre- and post-natal development of salivary glands (Wang et al., 2014). SMG is involved in secretion of many peptide growth factors such as epidermal growth factor (EGF), transforming growth factor-alpha (TGF-α), nerve growth factor (NGF), insulin-like growth factor (IGF), hepatocyte growth factor (HGF), platelet-derived growth factor (PDGF) (Rougeot et al., 2000). The development of salivary glands continues post-nataly to reach their final functional form and all these growth factors play essential roles in regulating their pre-natal and post-natal development (Sabbadini and Berczi, 1995). 

			TGF-α is a 50 amino acid mitogenic polypeptide  that has been detected from a variety of exocrine glands of body including lacrimal glands, pancreas and in the striated ducts of both human submandibular and sublingual salivary glands (Yasui et al., 1992; Mogi et al., 1995; Humprey-Beher et al., 1994; Chiang et al., 2001; Ogbureke et al., 1995; Dernyk, 1988).

			TGF-α regulates epithelial proliferation and branching morphogenesis during prenatal and post-natal growth of salivary glands (Mogi et al., 1995; Jaskoll and Melnick, 1999; Patel et al., 2006; Tucker, 2007). TGF-α is also important for maintaining taste bud morphology and also found in ductal cells of Von Ebner glands (Morris-Wiman et al., 2000). In rats, TGF-α expression has been reported in all three major salivary glands and is found throughout the entire ductal system excluding the acinar cells (Wu et al., 1993). In the SMG, the levels of TGF-α are maximum immediately after birth (during early post-natal development) and decline post-natally by 10th week (Mogi et al., 1995). 

			As the development of rodent salivary glands does not complete prenatally therefore it must undergo post-natal development to function as a fully mature adult gland. It is reported that the salivary glands of rats complete their morphological development by 7-10 weeks (Wu et al., 1993). During this post-natal growth period, a temporal variation in expression of TGF-α has been reported such as the content of TGF-α is found to be high during early post-natal period of SMG and decreases around 5th week becoming very low at 10th week of post-natal development (Mogi et al., 1995). 

			Much work has been done on submandibular glands of rats to elucidate various aspects of pre and post-natal growth and development. However, little is known regarding post-natal development of sublingual salivary gland. Therefore, the current study was designed to investigate the temporal expression of TGF-α in ductal epithelial cells of sublingual gland during early and late post-natal developmental period and also to compare temporal differences in expression of TGF-α between SMG and SLG.

			Materials and methods

			In order to study the variation in TGF-α expression during post-natal SLG development, and to compare its expression between SMG and SLG, we sacrificed male Wistar rats at week 5 and week 9. The ethical approval of this experimental study was taken from the institutional review board of University of Health Sciences, Lahore. A total of twelve healthy male Wistar rats (Rattus norvegicus) were divided into two groups (group A1 and group A2). The animals of group A1 were taken at the age of four weeks and sacrificed at the age of five weeks. While the animals of group A2 were taken at the age of eight weeks and sacrificed at the age of nine weeks. The care and housing of all the animals was done as described previously (Bano et al., 2017, 2018). The salivary gland tissues were processed for immunohistochemistry. The immunohistochemistry was performed as described previously (Bancroft and Gamble, 2008) using anti-TGF-α (Abcam, ab16768) as primary antibody and biotinylated horseradish conjugate (Abcam, ab16768) as secondary antibody with DAB chromogen used for detection of color (Bancroft and Gamble, 2008). 

			 The grading for immuno-histochemical intensity score of TGF-α at week five and week nine was carried out by keeping the following scale; 4+ (highly positive), 3+ (positive), 2+ (weakly positive), l+ (minimally positive) and - (undetectable reaction) (Ogbureke et al., 1995). Normal skin tissue was taken as a positive control. The acinar cells showing absence of immuno-positive reaction to TGF-α antibody were taken as negative control (Ogbureke et al., 1995; Wu et al., 1993).

			Statistical analysis

			The analysis and interpretation of the data was done using Statistical Package for Social Sciences version 20 (SPSS-20). Fisher’s exact test was used to determine the comparison of TGF-α expression between SMG and SLG.

			Results

			Temporal expression of TGF-α in sublingual gland 

			A strong expression of TGF-α in ductal epithelial cells of SLG was found at week five with the post-natal growth of SLG. However, with the advancing age, the expression of TGF-α was reduced and found to be very low at week 9 (Fig.1). 
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			Fig. 1. TGF-α expression in SLG: A, longitudinal section of ductal epithelial cells of SLG of group A1 showing TGF-α intensity score of positive (3+) under 10 x magnifications; B, Ductal epithelial cells of SLG of group A2 with TGF-α intensity score of minimally positive (1+) under 10x magnification. Black arrows marks striated ducts. 

			[image: ]

			Fig. 2. Comparison between SMG and SLG of group A1 (week 5): 67% (n=4/6) of SMGs showed intensity score of 4+ (highly positive) and 33% (n=2/6) showed 3+ (positive). While 67% (n=4/6) SLGs showed a score of 3+ (positive) and 33% (n=2/6) showed 2+ (weakly positive) showing that TGF-α expression in ductal epithelial cells of SMG is almost similar to that of SLG. Fisher’s exact test showed that p-value was found to be 0.06.
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			Fig. 3. Comparison of expression of TGF-α between SMG and SLG of group A2: Immunohistochemically stained section of SMG and SLG showing a highly positive staining (4+) of TGF-α in the ducts of SMG (black arrow) while the ducts of SLG (yellow arrow) are stained minimally (1+) with TGF-α suggesting that TGF-α is highly expressed in SMG as compared to SLG at week 9.

			Comparison of TGF-α expression between SMG and SLG at week 5

			The ductal epithelial cells of SMG and SLG of group A1 at week five were compared with each other for analysis of TGF-α expression. It was noted that Fisher’s exact test showed a non-significant association between the two salivary gland cells. The expression of TGF-α in SMG was found to be similar to that of the SLG at week five and the p-value was found to be 0.06 (Fig.2).

			Comparison of TGF-α expression between SMG and SLG at week 9

			Contrary to the results seen at week 5, when the expression of TGF-α was compared between SMG and SLG of group A2 at week 9, Fisher’s exact test showed a significant association between the two salivary glands with regards to TGF-α expression. The expression of TGF-α was much reduced in ductal epithelial cells of SLG as compared to the SMG (Fig.3). The percentage is given in graphs shown in Figure4. 
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			Fig. 4. Comparison between SMG and SLG of control Group A2 (week 9): Among SMGs 50% (n=3/6) showed intensity score of 4+ (highly positive) and 50% (n=3/6) showed a score of 3+ (positive). While among the SLGs 17% (n=1/6) showed a score of 2+ (weakly positive), 33% (n=2/6) showed a score of 1+ (minimally positive) and 50% (n=3/6) showed an undetectable score showing that TGF-α expression is more in ductal epithelial cells of SMG as compared to SMG. When TGF-α expression of SMG and SLG of control group (A2) at week 9 was compared with each other, Fisher’s exact test showed a statistically significant association between them. P-value was found to be p=0.006.

			Discussion

			In order to study the variation in TGF-α expression during post-natal SLG development, we sacrificed healthy male rats at week 5 and week 9. To our knowledge, it is the first time that expression of TGF-α in SLG is being compared with the SMG at different time-in-point during post-natal development of the salivary glands. According to the current study, a significant difference in expression of TGF-α between submandibular and sublingual salivary glands of rats of group A2 which were sacrificed at the age of 9 weeks was found. It is already known that SMG develops one day ahead of SLG (Tucker and Miletick, 2010). It is also known that rat SMG is a pure serous gland and secrets watery saliva (Amano et al., 2012) while SLG is predominantly a mucous gland and secrets thick saliva (Tucker and Miletich, 2010). Although not much is known regarding differences in development and molecular regulation of SLG and is believed to be similar, however keeping in view the developmental, structural and functional differences between the two glands, we speculate that all these differences may account for difference in expression of TGF-α in both salivary glands.

			It was also observed that the expression of TGF-α in ductal epithelial cells of SLG decreased with age much earlier as compared to SMG. As, Mogi et al (1995) showed that the content of TGF-α in ductal epithelial cells of SMG is very high during early post-natal development. It peaks till week 3 and starts to decrease from week 5 and is low at week 10 (Mogi et al., 1995). SLG although starts to develop later than SMG but due to its smaller size may complete its development earlier and the expression of TGF-α reduces earlier. Other compensatory mechanisms like other members of its family EGF may come into play and take over its functions. We found changes in expression of TGF-α in the SLG but it should be explored that which factors regulate TGF-α expression in SLG to better understand the mechanism governing its postnatal development. 

			Conclusions

			The expression of TGF-α is stronger in both salivary glands during the early post-natal growth period but its expression decreases with the advancing age. This decrease in expression is more evident and earlier in the SLG as compared to the SMG. 
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factors which are crucial for their development, cellular
proliferation, differentiation and healing (Kouidhi ef al.,
2012). In rats, major salivary gland is the submandibular
gland (SMGQ), and it is considered as an excellent model to
study pre- and post-natal development of salivary glands
(Wang et al., 2014). SMG is involved in secretion of many
peptide growth factors such as epidermal growth factor
(EGF), transforming growth factor-alpha (TGF-a), nerve
growth factor (NGF), insulin-like growth factor (IGF),
hepatocyte growth factor (HGF), platelet-derived growth
factor (PDGF) (Rougeot ef al., 2000). The development
of salivary glands continues post-nataly to reach their
final functional form and all these growth factors play
essential roles in regulating their pre-natal and post-natal
development (Sabbadini and Berczi, 1995).

TGF-a is a 50 amino acid mitogenic polypeptide that
has been detected from a variety of exocrine glands of
body including lacrimal glands, pancreas and in the striat-
ed ducts of both human submandibular and sublingual sal-

TGF-a regulates epithelial proliferation and
branching morphogenesis during prenatal and post-natal
growth of salivary glands (Mogi ef al., 1995; Jaskoll and
Melnick, 1999; Patel et al., 2006; Tucker, 2007). TGF-a is
also important for maintaining taste bud morphology and
also found in ductal cells of Von Ebner glands (Morris-
Wiman et al., 2000). In rats, TGF-a expression has been
reported in all three major salivary glands and is found
throughout the entire ductal system excluding the acinar
cells (Wu ef al., 1993). In the SMG, the levels of TGF-a
are maximum immediately after birth (during early post-
natal development) and decline post-natally by 10% week
(Mogi et al., 1995).

As the development of rodent salivary glands does not
complete prenatally therefore it must undergo post-natal
development to function as a fully mature adult gland. It
is reported that the salivary glands of rats complete their
morphological development by 7-10 weeks (Wu et al.,
1993). During this post-natal growth period, a temporal
variation in expression of TGF-a has been reported such
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