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Abstract
The extraordinary sequential process of T cell development and maturation is hallmark of well-functioning of thymus gland. 
An earlier study clarifies the relationship between salivary glands and other organs including thymus. In order to define the 
precise role of salivary gland secreted growth factors on the development, differentiation and maturation of thymocytes, 
especially CD4 and CD8, we sialoadenectomized (removal of submandibular gland) and salivariadenectomized (removal of 
submandibular and sublingual glands) the male albino mice. The mice were operated at the age of 20 days and maintained 
under normal conditions in the animal house along with control, up to the age of ten weeks. Subsequently, blood samples 
were collected and peripheral T cell subsets was analysed using FACSCalibur flow cytometer with BD Tritest CD4FITC/
CD8PE/CD3 PerCP reagent. It was observed that in the absence of salivary gland-secreted growth factors, especially EGF, 
the mature naïve T cells output gets disturbed, and there was significant reduction in CD4 absolute and % count and 
CD4:CD8 ratio, signifying the importance of salivary gland-secreted growth factors in maturation of immune cells in the 
thymus. It is suggested that the importance of interplay of hormones and neuropeptides on one hand and salivary secretory 
regulatory peptides on the other, on the T cell differentiation and maturation in the thymus is investigated.

1. Introduction
The well-co-ordinated and orderly process of T cell 
expansion and maturation is co-ordinated by the thymus 
gland. The thymus gland has been believed to be a 
mysterious organ from ancient times1. However, in the 
more recent times knowledge about this organ has been 
greatly expanded in view of extensive research; particularly, 
it has been proved that this organ plays unique role in 
development and maturation of T lymphocytes that are 
the key element that co-ordinate immune responses and 
thus play critical role in cell-mediated immunity2. 

The developmental process of naïve T cells begins in 
the bone marrow where common lymphoid progenitor 
cells develop. Then the cells migrate to the thymus and 

eventually commit to specific T-cell lineages. Based on 
the co-expression of CD4 and CD8, three major stages 
of thymic αβ T-cell development have been defined: DN 
(double negative) stage (CD4–/lowCD8–); DP (double 
positive) stage (CD4+CD8+); and SP (single positive) stage 
(CD4+CD8– or CD4–CD8+)3. Apart from being the main 
source of all T cells, thymus is the region where T cells 
diversify and then are shaped into an effective primary 
T-cell repertoire by an extraordinary pair of selection 
processes4. During the process of positive and negative 
selection, αβ thymocytes also commit to either the CD4+ 
(normally MHC class II restricted) or CD8+ (normally 
MHC class I restricted) T cells3.

Upon maturation CD4+ and CD8+ T cells leave the 
thymus and enter the peripheral circulation. Naive T 
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cells continually recirculate between the blood and 
lymphatic systems. If a naive cell recognizes an antigen-
MHC complex on an appropriate antigen-presenting 
cell or target cell, it will be activated, initiating a primary 
response. T cells activated in this way divide 2 to 3 time 
per day for 4 to 5 % days, generating a clone of progeny 
cells, which differentiate into memory or effector T-cell 
population4. Two clonally expanded populations originate 
from this primary response: ‘effector’ cells, which combat 
spread of the pathogen; and ‘memory’ cells, which 
guard against subsequent infections. So, this stepwise 
development and maturation process is most important 
to defend our body from all the types of foreign agents. 
The healthy population of T cell subsets in the peripheral 
blood is a reflection of well-functioning of the thymus 
gland. 

The salivary gland is considered to be a reservoir of 
many growth factors in rodents. The sub-mandibular 
gland (SMG) secretes a number of growth factors 
including epidermal growth factor (EGF), nerve growth 
factor (NGF), mesodermal growth factor (MGF), 
transforming growth factor-alpha (TGFα) etc5. Studies 
on the effect of growth factors secreted by the sub-
mandibular gland on various organs are being carried out 
in different laboratories. Numerous factors of different 
origin are involved in regulation and modulation of 
morphogenesis and homeostasis of the T-cell system. 
Several studies were carried out which indicated a 
marked effect of sub-mandibular gland on T- cell system. 
Depletion in thymocytes causes atrophy of thymus gland6. 
Reduction in body weight and thymus gland weight after 
sialoadenectomy has been shown in rat6-10. We found in 
our previous studies that in the absence of growth factors 
secreted by sub-mandibular gland there was decrease in 
the weight of thymus gland11. Subsequent histological 
and histochemical studies revealed that reduction in the 
size of medulla indicating reduction in the number of 
thymocytes and decrease in the Hassall’s corpuscles with 
many signs of early atrophy of thymus gland12. We have also 
found that after sialoadenectomy and salivariadenectomy 
there was decrease in the rate of T-cell maturation with 
reduction in intensity of immunohistochemical staining 
and decrease of CD3 and CD5 cells13. In this background 
we undertook to find the effect of sialoadenectomy and 
salivariadenectomy on T cell maturation and peripheral 
T cell subset count for which we adopted flow cytometric 
analysis of blood sample.

2. Material and Methods
Ten weeks old male Swiss albino mice (Mus musculus) 
were used in the experiments. The animals were housed 
in departmental animal house (1852/PO/EReBi/S/15/
CPCSEA) under approval of Institutional Animal Ethical 
Committee (Approval reference-03/2012) and proper 
housing conditions. They were provided with food 
(Amrut mice feed) and water ad libitum. For the present 
study 18 numbers of twenty day old mice weighing 8 
to 15 g were randomly divided into three groups: sham 
operated sialoadenectomized and salivariadenectomized. 
Bilateral sialoadenectomy (removal of submandibular 
gland), bilateral salivariadenectomy (removal of sub-
mandibular and sub-lingual glands) and sham operation 
were carried out. Sham-operated animals were subjected 
to procedures identical to -ectomy except that glands 
were not removed.

2.1 Collection of Blood Samples
After completion of 10 weeks since the surgery, blood 
sample was collected. It was done aseptically by vein 
puncture at tail region, and stored in sterile K3 EDTA 
BD Vacutainer blood collection tubes (Lavender top) 
and mixed well. The anticoagulated blood samples were 
stored at room temperature (20-250C).

2.2 Flow Cytometry
The lymphocyte subsets were analysed on a FACSCalibur 
flow cytometer (Becton Dickinson Immunocytometry 
Systems, BD FACSCalibur system, with automated sample 
loader and computer hardware with BD CellQuest Pro™ 
software). Here BD Tritest CD4FITC/CD8PE/CD3 PerCP 
reagent was used with BD Trocount™ absolute count 
tubes for identification and determination of absolute 
counts of mature T lymphocytes (CD3+), helper/inducer 
(CD3+CD4+) T lymphocytes and suppressor/cytotoxic 
(CD3+CD8+) T lymphocytes in 1 μl of erythrocyte-lyzed 
whole blood as per manufacturer’s instructions. The 
FACSCalibur was calibrated and reconfirmed daily using 
the BD Calibrite beads and BD-FACSComp software 
(version 2.0). A control sample of commercially available 
whole blood was run daily to optimize the instrument 
settings. Preceding the flow cytometry the absolute and 
percent white blood cell (WBC) count was obtained. 
For the present analysis 50 μl anticoagulated whole 
blood samples were mixed with BD Tritest reagent using 
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vortex mixer, and incubated for 15 minutes in the dark 
at room temperature (20-250C).Then 2 ml of BD FACS 
lysing solution was added and centrifuged at 3000 rpm 
(7 to 8 minutes). Again samples were centrifuged twice 
by adding 2 ml for first then 500 ml of sheath fluid. This 
sample (working solution) was then analysed with the 
help of FACSCalibur flow cytometer. The acquisition and 
analysis of data were carried out with the help of BD Cell 
Quest Pro software. The observations were recorded.

2.3 Statistical Treatment of Data
The acquisition and analysis of data were carried out with 
the help of BD Cell Quest Pro software. The statistical 
analysis was performed using one way Analysis of 
variance (ANOVA) followed by Tukey’s Post Hoc Test. All 
values were expressed as mean ± S.D. (P < 0.05= almost 
significant, P < 0.01= significant, P < 0.001= highly 
significant, P > 0.5-Non Significant).

3. Results
The table shows data from flow cytometric analysis 
of peripheral CD3, CD4 and CD8 T cell subsets in 
sialoadenectomized and salivariadenectomized male mice. 
The % counts of WBC’s, CD3 and CD4 were decreased 
significantly in sialoadenectomized group and further 
decreased in salivariadenectomized group as compared 
to control. The decrease in salivariadenectomized group 

was more significant than in sialoadenectomy group. But 
the % count of CD8 was increased in sialoadenectomized 
group as compared to salivariadenectomized group. 
The CD4:CD8 ratio decreased significantly in 
sialoadenectomized group but the reduction in CD4:CD8 
ratio in salivariadenectomized group was not significant 
as compared to control.

4. Discussion
The absolute counts and percentage of T-lymphocyte 
subsets in peripheral blood provide evidence about 
the status of development and well-functioning of the 
immune defence system14. The maturation of T cells in 
the thymus is a highly organized process. Any deviation 
can lead to immunodeficiency, autoimmunity, or cancer. 
Flow cytometry is the golden standard for the estimation 
of T cell population15.

The major T cell subset counts i.e., helper/inducer 
lymphocytes are a subset of T lymphocytes (CD3+) 
that are CD4+ and suppressor/cytotoxic lymphocytes 
are a subset of T lymphocytes (CD3+) that are CD8+ 
are used to characterize and monitor some forms of 
immunodeficiency16-18 and autoimmune diseases19,20. 
Individuals with HIV typically exhibit a steady decrease of 
helper/inducer CD4 T lymphocyte counts as the infection 
progresses21. Suppressor/cytotoxic lymphocyte, i.e. CD8, 
cell counts lie outside the normal reference range in some 

Table 1. Effect of sialoadenectomy and salivariadenectomy on peripheral CD3, CD4 and CD8 cells in the thymus 
gland of male mice studied by flow cytometry 

Sr. No. Parameter Control (n=6)*
Sialoadenectomy

(n=6)*
Salivariadenectomy

(n=6)*
1. Total Lymph (%) W.B.C.s 75.44 ±1.1675 41.28 ± 1.359 40.32 ± 1.2701

Statistical significance 1:2, P < 0.01 2:3, P < 0.01 1:3, P >0.5
2. CD3 % 26.662 ± 0.8506 15.922 ± 0.3638 6.632 ± 0.2648

Statistical significance 1:2, P < 0.01 2:3, P < 0.01 1:3, P < 0.01
3. CD4% 20.396 ± 1.0242 3.83 ± 1.138 1.526 ± 0.391

Statistical significance 1:2, P < 0.01 2:3, P < 0.01 1:3, P < 0.05
4. CD8 % 4.472 ± 0.7337 10.8 ± 1.3637 3.532 ± 0.2663

Statistical significance 1:2, P < 0.01 2:3, P < 0.01 1:3, P < 0.01
5. CD4:CD8 ratio 6.1± 1.581 0.288 ± 0.0683 0.266 ± 0.0288

Statistical significance 1:2, P < 0.01 2:3, P < 0.01 1:3, P > 0.5

• Data are expressed as Mean ± SD (P < 0.05= almost significant, P < 0.01= significant, P < 0.001= highly significant, P > 0.5-non significant) 
• Number in parenthesis denotes the number of animals.
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autoimmune diseases22 and in certain immune reactions 
such as acute graft-versus-host disease (GVHD)23. The 
CD8+ subset count is elevated in many patients with either 
congenital or acquired immune deficiencies, such as 
severe combined immunodeficiency (SCID)16 or acquired 
immune deficiency syndrome (AIDS)24.

According to a few studies the CD4+ T cell count 
has been shown to be influenced by sex, age, race, time 
of specimen collection (diurnal rhythms), physical and 
psychological stress, pregnancy, drug administration 
(zidovudine, cephalosporin, cancer chemotherapeutics, 
nicotine and steroids), tuberculosis, viral infections, 
presence of anti-lymphocyte auto-antibodies and 
procedures like splenectomy25,26. 

Epidermal Growth Factor (EGF) secreted by 
the salivary gland brings about modification in 
immune responsiveness. This protein, present in high 
concentrations in mouse submandibular glands, is capable 
of modifying development 27-29. Specific receptors of EGF 
have been detected in a variety of tissues, including the 
membranes derived from the mouse thymus30-32. But its 
actual role in thymic physiology is still unclear. It has been 
reported that exogenous EGF promotes a dose-dependent 
modulation of thymocyte development in foetal thymus 
organ cultures (FTOC). Insoluble form of exogenous EGF 
blocked thymocyte growth and differentiation which acts 
at double negative to double positive transition. Such 
blockade alters TCR αβ+ thymocyte subset, so they were 
absent and TCR γδ+ subsets were found among EGF 
FTOC culture33. Removal of salivary glands has been 
shown to abolish salivary EGF and cause decreased 
plasma EGF level. Therefore, in absence of salivary EGF 
there may be disruption in cell growth, proliferation and 
differentiation of T lymphocytes in the thymus in the 
sialoadenectomized and salivariadenectomized mice. It 
may be possible that due to disturbance in differentiation 
in the absence of EGF after sialoadenectomy and 
salivariadenectomy, the mature naïve T cells output may 
get disturbed causing reduction in CD4 absolute and % 
count and CD4:CD8 ratio.

It is of interest to note that EGF, especially of salivary 
gland origin, is regulated by hormones28,29. Further, the 
role of thymus in T cell differentiation and maturation is 
under modulation by hormones and neuropeptides that 
are complex and multifaceted10,34,35. Therefore, it would be 
pertinent to investigate the interplay of thymic regulatory 
hormones and salivary gland regulatory peptides.

5. Conclusion
From the present investigation it is clear that in the absence 
of salivary gland-secreted growth factors, especially EGF, 
the mature naïve T cells output get disturbed and there 
would be reduction in CD4 absolute and % count and 
CD4:CD8 ratio. Investigation on the importance of the 
interplay of hormones and neuropeptides on one hand 
and salivary secretory regulatory peptides on the other on 
the T cell differentiation and maturation in the thymus is 
pertinent. 
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