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Summary 

In submandibular gland atrophy, most acinar cells disappear by apoptosis, while many duct 

cells remain. The present study aimed to establish whether Bcl-2 and Bax, members of the 

Bcl-2 gene family, regulating the signaling pathway of apoptosis were involved in duct cell 

survival and acinar cell death in atrophic submandibular glands. The excretory duct of rat 

submandibular gland was doubly ligated with metal clips from 1 to 14 days to induce atrophy 

to the gland. The expressions of Bcl-2 and Bax in the atrophic submandibular gland were 

examined using immunohistochemistry and reverse transcription-polymerase chain reaction 

(RT-PCR). Immunohistochemically, Bcl-2 expression was identified in duct cells in the 

experimental glands at all time points. Some acinar cells showed Bax positivity 1 day after 

excretory duct ligation, and there were more Bax-positive acinar cells on days 3 and 5 when 

many apoptotic acinar cells were observed. RT-PCR analysis showed that the expression of 

mRNA for Bcl-2 became stronger as the glandular atrophy progressed and that Bax mRNA 

strongly expressed on days 1 and 3. These observations suggest that Bcl-2 inhibits duct cell 

apoptosis and Bax promotes apoptosis of acinar cells during atrophy of submandibular glands.  
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Introduction 

 

Atrophy of salivary glands has repeatedly been examined using an experimental animal model 

with excretory duct ligation of the salivary gland, since it causes serious clinical problems 

such as increases in dental caries, atrophy of the oral mucosa, difficulty in swallowing and 

speech, and other problems (Hand 1986). The histological characteristics of the atrophic 

salivary glands are disappearance of acinar cells and prominence of duct cells (Tandler 1977; 

Matthews & Dardick 1988). It has been reported that apoptotic cell death and mitotic cell 

proliferation play important roles in the loss of acinar cells and increases in duct cell numbers, 

respectively (Walker & Gobe 1987; Takahashi et al. 2000, 2002). Further, a recent study 

suggested that the Fas and Fas ligand (FasL) systems triggered apoptotic pathways during 

atrophy of the rat submandibular gland (Takahashi et al. 2007). However, the molecular 

mechanisms underlying the histopathological changes in the atrophy of salivary glands are not 

fully understood. Many aspects of the histopathological changes including how duct cells 

avoid apoptotic cell death and the mechanism of apoptosis of acinar cells still remain 

unexplained. 

 The Bcl-2 family is known to be a major protein family controlling cell survival or 

cell death in the molecular pathway of apoptosis. The Bcl-2 family mainly functions as a 

regulator of mitochondrial membrane permeability and controls the release of apoptogenic 

factors (Green 2000; Tsujimoto & Shimizu 2000). The Bcl-2 family is divided into three 

subfamilies, the Bcl-2 subfamily, the Bax subfamily, and the Bcl-2 homology 3 (BH-3)-only 
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proteins, based on their structural and functional characteristics: the Bcl-2 subfamily is 

anti-apoptotic, the Bax subfamily and BH-3-only proteins are pro-apoptotic (Adams & Cory 

1998; Tsujimoto & Shimizu 2000; Youle & Strasser 2008). The present study sheds light on 

the Bcl-2 protein, a member of the Bcl-2 subfamily, and on the Bax protein, a member of Bax 

subfamily, where it has been reported that Bcl-2 participates in cell survival and Bax in cell 

death during regressive changes of other exocrine glands such as the pancreas (Wada et al. 

1997; Reid & Walker 1999; Scoggins et al. 2000) and mammary gland (Heermeier et al. 1996; 

Li et al. 1997; Venugopal et al. 1999).  

 To elucidate the molecular mechanism of the cell survival and cell death in atrophic 

salivary glands, the Bcl-2 and Bax expression in atrophic rat submandibular glands was 

examined after excretory duct ligation, using immunohistochemistry with antibodies to these 

proteins and also mRNA analysis by reverse transcription-polymerase chain reaction 

(RT-PCR). 
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Materials and Methods 

 

Experimental procedures 

Seven-week-old male Wistar rats, weighing 190-220 g, were provided by Hokudo Co. Ltd. 

(Sapporo, Japan). They were divided into experimental and control groups and housed with 

free access to pellet food and tap water at the Animal Facility of Hokkaido University 

Graduate School of Dental Medicine. All animal experimentation had the approval of the 

Animal Ethics Committee and complied with the Guide for the Care and Use of Laboratory 

Animals of Hokkaido University Graduate School of Dental Medicine. 

 In the experimental animals, the right submandibular gland and its excretory duct 

were surgically dissected and the right excretory duct was doubly ligated with Ligaclips 

(Ethicon Endo-Surgery Inc., Cincinnati, OH, USA) near the hilum of the gland under general 

anesthesia with ether. The experimental animals were killed at 1, 3, 5, 10, or 14 days after 

duct ligation (n=4 at each time point) with deep inhalation of ether, and the right 

submandibular glands were excised. The right submandibular glands of the untreated control 

rats (n=4) were collected in the same way. The submandibular gland atrophy is caused by duct 

obstruction and damage to the corda tympani running on the excretory duct in the rodents 

(Harrison & Garrett 1972; Harrison et al. 2001). 

 

Immunohistochemistry 

The tissue for immunohistochemistry was fixed in 4% paraformaldehyde buffered at pH 7.4 
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with 0.1M phosphate buffer for 24 h. After fixation, the specimens were embedded in paraffin 

and sectioned at 4μm thickness. The sections were immersed in 0.3% hydrogen peroxide to 

inhibit the endogenous peroxidase and boiled in 10 mM citrate buffer at pH 9.8 for Bcl-2 or 

pH 6.0 for Bax (ChemMate Target Retrieval Solution, Dakocytomation, Kyoto, Japan) for 40 

min. Then the sections were incubated successively with anti-Bcl-2 rabbit polyclonal antibody 

(N-19, Santa Cruz Biotechnology, Santa Cruz, CA, USA) or anti-Bax rabbit polyclonal 

antibody (N-20, Santa Cruz Biotechnology) overnight at 4℃, biotinylated anti-rabbit swine 

polyclonal antibody (Dakocytomation) and streptavidin-biotin-horseradish peroxidase 

complex (sABC) (Dakocytomation). The immunoreaction was developed with 3, 

3’-diaminobenzidine and the sections were lightly counterstained with hematoxylin. 

 Negative control sections were incubated with normal rabbit serum in the absence of 

primary antibodies. 

 

Reverse transcription-polymerase chain reaction (RT-PCR) 

Fresh submandibular glands removed from experimental animals at 1, 3, or 14 days after duct 

ligation and from control animals were snap-frozen in liquid nitrogen and stored at -80℃ until 

required for RNA extraction. The samples were homogenized in ice-cold TRIzol reagent 

(Invitrogen, Carisbad, CA, USA), and total RNA were extracted according to the 

manufacturer’s instructions. Then total RNA was quantified using a Nano-Drop 

spectrophotometer ND-1000 (NanoDrop Tech., Inc., Wilmington, DE, USA). First-strand 

cDNA was synthesized from total RNA with ReverTra Ace (Toyobo, Osaka, Japan) following 
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the manufacturer’s protocol and was subjected to PCR amplification using Amplitaq Gold 

DNA polymerase (Roche Molecular Systems, Braunchburg, NJ, USA) with a PCR System 

9700 (Applied Biosystems, Foster City, CA, USA). The sequences of the primers used for 

PCR were as follows: Bax (F: 5′AAGAAGCTGAGCGAGTGTCT-3′; R: 

5′CAAAGATGGTCACTGTCTGC-3′) (Rogerio et al. 2006), Bcl-2 (F: 

5′GTATGATAACCGGGAGATCG-3′; R: 5′AGCCAGGAGAAATCAAACAG-3′) (Rogerio et 

al. 2006), and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) ( F: 

5′CGGAGTCAACGGATTTGGTCGTAT-3′; R: 5′AGCCTTCTCCATGGTGGTGAAGAC-3′) 

(Wong et al. 1994). The PCR condition was as follows: initial denaturation for 11 min at 

95℃; repeated cycles of denaturation for 1 min at 95℃; annealing for 1 min at 58℃ (Bcl-2), 

59℃ (Bax) or 63℃ (GAPDH); extension for 1 min at 72℃; final extension for 10 min at 

72℃. The amplification was conducted for 34 cycles (Bcl-2), 29 cycles (Bax) or 25 cycles 

(GAPDH), and the expected sizes of the PCR products were 612 bp (Bcl-2), 361 bp (Bax) and 

306 bp (GAPDH). The synthesized PCR products were separated by electrophoresis on a 1% 

agarose gel. The gels were stained with ethidium bromide and were visualized under UV 

light.  
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Results 

 

Histological changes during atrophy of submandibular glands have been reported (Takahashi 

et al. 2000), and briefly, ducts were dilated in the edematous glandular tissue at 1 day after 

duct ligation. At 3 and 5 days, many apoptotic acinar cells were identified. At 10 and 14 days, 

most acinar cells disappeared and the parenchyma of atrophic glandular tissue comprised a 

few acini and many ducts. 

 

Immunohistochemistry 

In both the control and experimental submandibular glands at 1 day after duct ligation, most 

striated duct cells and a few intercalated duct cells showed positive reactions to Bcl-2, while 

all acinar cells were negative (Figure 1A, B). On days 3 and 5, most remaining duct cells 

exhibited immunoreactivity for Bcl-2; there were Bcl-2-positive cells in some acini, however 

other acinar cells did not show a positive reaction to Bcl-2 antibodies (Figure 1C). On days 10 

and 14, the remaining duct cells were positive and many acinar cells negative to Bcl-2. 

Spindle-shaped stellate cells at the periphery of the residual ducts and acini showed intense 

immunoreaction against Bcl-2 antibody (Figure 1D). 

 In Bax immunohistochemistry, there was no reaction in the control submandibular 

glands (Figure 2A). On day 1 following duct ligation, some Bax-positive cells appeared in 

acini (Figure 2B), and acinar cells showing a Bax-positive reaction were present in larger 

numbers at 3 and 5 days (Figure 2C). Thereafter, the number of Bax-positive cells deceased as 
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acinar cells disappeared due to apoptosis, however the residual acinar cells commonly showed 

intense positivity to Bax on days 10 and 14 (Figure 2D). No immunoreaction for Bax was 

identified in duct cells throughout the experimental period. 

 Negative control sections for both immunohistochemical stainings showed no 

positive reactions. 

 

RT-PCR 

Figure 3 shows the data of the expression of Bcl-2 and Bax mRNA analyzed with RT-PCR. 

Expressions of both mRNA were identified in the control and all experimental groups. The 

expression of Bcl-2 mRNA became stronger as the glandular atrophy progressed and the 

strongest band was identified at day 14 post-obstruction. There was increased expression of 

Bax mRNA at 1 and 3 days. 
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Discussion 

 

The Bcl-2 gene was discovered at the t (14; 18) chromosome translocation breakpoint in 

human B-cell lymphoma (Tsujimoto et al. 1985), and it inhibits apoptotic cell death by 

preventing release of apoptogenic factors such as cytochrome c and apoptosis-inducing factor 

from the intermembrane space of mitochondria (Tsujimoto & Shimizu 2000). Bax promotes 

apoptosis by inducing release of the apoptogenic factors (Youle & Strasser 2008) and forms 

heterodimers with Bcl-2 (Oltvai et al. 1993). Considering this, it has been considered that the 

ratio of Bcl-2/Bax determines the fate of a cell, survival or death (Korsmeyer et al. 1993; 

Oltvai et al. 1993). In the atrophic submandibular gland, acinar cell apoptosis is most 

frequently observed on day 3 after duct ligation (Takahashi et al. 2000). In the present study, 

the positive acinar cells against Bax antibody appeared on day 1 and many acinar cells 

expressed Bax especially on day 3. A few acinar cells were Bcl-2-positive throughout the 

experimental period. In addition, the sample obtained from days 1 and 3 clearly expressed 

mRNA of Bax in RT-PCR. These results suggest that Bax accelerates acinar cell apoptosis in 

the atrophy of submandibular glands. In the control gland, no Bax-positive reaction was 

immunohistochemically identified, although a weak Bax reaction was observed in RT-PCR. 

The reason for this difference is not necessary clear. Bax is inactive by binding to 14-3-3 

protein under normal condition and becomes active by dissociation from this protein on 

apoptotic stimulation (Nomura et al. 2003). It may be possible to speculate that such a protein 

prevents anti-Bax antibody from recognizing the epitope of Bax protein. 
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 RT-PCR analysis in the present study showed the expression of mRNA of Bcl-2 

during the course of the glandular atrophy and the expression became stronger as the 

glandular atrophy progressed. Immunohistochemically, most duct cells expressed Bcl-2, but 

there were few duct cells expressing Bax in the atrophic gland. This showed that Bcl-2 was 

predominant over Bax in the remaining duct cells. These findings suggest that Bcl-2 

contributes to the survival of duct cells in the atrophic submandibular gland. Several acinar 

cells were also Bcl-2-positive during atrophy. Such acinar cells would resist apoptotic stimuli 

and survive in the atrophied glandular tissue. 

 It has been reported that apoptosis in the atrophy of rat submandibular glands 

following duct ligation is triggered by the Fas/FasL system (Takahashi et al. 2007). Two types 

of cells (so-called, type I cell and type II cell) involved in Fas/FasL system-mediated 

apoptosis are known. Although the pathway to apoptosis does not proceed through 

mitochondria in type I cells, the apoptotic signals were transmitted to mitochondria in type II 

cells (Scaffidi et al. 1998; Barnhart et al. 2003). Participation of Bcl-2 and Bax regulating the 

mitochondrial membrane permeability (Green 2000; Tsujimoto & Shimizu 2000) was shown 

in the current study, suggesting that parenchymal cells of the submandibular gland may 

behave as type II cells in the glandular atrophy. 

 Expressions of Bax and Bcl-2 have also been reported in the regressive process of 

other exocrine glands. After weaning of pups the mammary glands involute with 

disappearance of secretory alveolar cells by apoptosis (Walker et al. 1989), which is promoted 

by Bax (Heermeier et al. 1996; Venugopal et al. 1999). In pancreatitis induced by duct 
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obstruction (Wada et al. 1997; Scoggins et al. 2000) or caerulein administration (Reid & 

Walker 1999), Bcl-2-expressing duct cells are not subject to apoptosis and remain, although 

acinar cells undergo apoptosis. These findings coincide with the results of the present study, 

suggesting that Bcl-2 and Bax may both be important regulators of the apoptotic pathway and 

common to the regressive alterations of exocrine glands. 

 At 10 and 14 days after duct ligation, the residual duct and acini were surrounded by 

spindle-shaped cells showing intensely positive against Bcl-2. The distribution and 

morphological characteristic of these cells are coincident with those of the remaining 

myoepithelial cells (Takahashi et al. 2001). Therefore, the remaining myoepithelial cells are 

considered to express Bcl-2 in the late stage of submandibular gland atrophy. It has been 

reported that TUNEL-positive myoepithelial cells were most frequently observed at 5 days 

after duct ligation and that thereafter apoptosis of myoepithelial cells was rare (Takahashi et al. 

2001). Taken together with the results of this study, myoepithelial cells passing through the 

the early phase of atrophy without apoptosis are thought to survive by expressing Bcl-2 in the 

late phase of atrophy. 

 In conclusion, strong expressions of Bcl-2 and Bax were identified in duct cells and 

acinar cells respectively during atrophy of the submandibular gland in the present study, 

showing that duct cells are not subject to apoptosis due to Bcl-2 and that acinar cell apoptosis 

is accelerated by Bax in the atrophic submandibular gland. The molecular mechanism of 

atrophy of salivary glands has become progressively better understood by our series of studies 

(Takahashi et al. 2007), however further study will be needed to elucidate all the details of the 
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event and to establish the therapeutic strategies for salivary gland atrophy. 
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Legends 

 

Figure 1 Bcl-2 immunohistochemistry. Bar=50 μm (A) Control. Striated duct cells are positive. 

Intercalated duct cells (arrows) and acinar cells are negative. (B) Day 1. Cells in dilated ducts 

show positive reaction. (C) Day 5. The remaining duct cells are immunoreactive to Bcl-2 

antibody. There are some positive (arrow) and many negative (arrowhead) acinar cells in the 

atrophic gland. (D) Day 14. Most residual duct cells are positive and remaining acinar cells 

are negative (arrows). Inset: Higher magnification of Figure 1D. Bar=20 μm The 

spindle-shaped (myoepithelial-like) cell is immunopositive (arrowhead). 

 

Figure 2 Bax immunohistochemistry. Bar=50 μm (A) Control. No immunoreaction is 

identified in normal submandibular glands. (B) Day 1. There are some positive acinar cells 

(arrows). (C) Day 3. Many acinar cells are Bax immunoreactive. (D) Day 14. The remaining 

acinar cells are reactive with the anti-Bax antibody (arrow). 

 

Figure 3. RT-PCR analysis of mRNA expression of Bcl-2, Bax, and GAPDH. C, control 

(normal submandibular gland); 1d, 1 day after duct ligation; 3d, day 3; 14d, day 14. The 

bands correspond to 612 bp (Bcl-2), 361 bp (Bax), and 306 bp (GAPDH). 
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Figure 1 
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Figure 2 
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 Figure 3 
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