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Abstract

Non-obese diabetic (NOD) mice develop Sjogren’s-like syndrome (Ss) and a gradual loss of saliva
secretory function. Our previous study showed that injections of matched normal spleen cells with
Complete Freund’s Adjuvant (CFA) reversed salivary gland dysfunction in 14-week-old NOD
mice, which had established Ss. The spleen and bone marrow are closely related organs, and both
are among the first sites of hematopoiesis during gestation. Noticing a rapidly increasing number
of clinical trials using bone marrow (BM) cells treatments for autoimmune diseases, we tested if
BM cells can prevent Ss and restore salivary glands’ function. We injected CFA and MHC class |-
matched normal BM cells in 7-week-old NOD mice, which had not yet developed Ss. We found at
week 52 post-treatment that all NOD mice receiving BM cells and CFA had a recovery of salivary
flow and were protected from Ss and diabetes. BM cells-treated mice had their salivary function
restored quantitatively and qualitatively. Saliva flow was higher (o < 0.05) in BM cells-
transplanted mice when compared to control mice, which continued to deteriorate over time. Total
proteins, epidermal growth factor, amylase, and electrolytes concentrations in saliva of BM cells-
treated mice were not significantly changed at week 44 and 52 post-therapy when compared to
pre-therapy (when the mice did not have Ss). Restoration of salivary flow could have resulted
from a combination of rescue and paracrine effects from BM cells. This study suggests that a
combined immuno- and cell-based therapy can permanently prevent Ss and restored salivary
function in NOD mice.
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1. Introduction

Sjogren’s syndrome, which affects people with a frequency of 1 in 100, is characterized by
an autoimmune destruction of the salivary and lacrimal glands. As a result, patients with
Sjogren’s syndrome suffer from dry mouth and dry eyes (Delaleu et al., 2005; Lee et al.,
2009). Salivary glands have various cell types: acinar cells which are responsible for water
and proteins secretion, ductal cells that principally regulate the composition of saliva, and
myoepithelial cells surrounding the acini and ducts (Lombaert et al., 2008). In Sjégren’s
syndrome the immune system attacks the salivary glands, particularly the acinar cells. This
leads to a loss of saliva secretion and the patients’ quality of life is severely compromised
due to xerostomia (dry mouth), severe dental caries, and oral infections (Fox and Speight,
1996; Delaleu et al., 2005; Lombaert et al., 2008; Lee et al., 2009; Nikolov and Illei, 2009).
Unfortunately, there is no suitable treatment for Sjogren’s syndrome, because the current
pharmacological therapy that depends on the stimulation of residual acinar cells frequently
fails, since in many cases all the salivary secretory tissue has already been lost (Tran et al.,
2006). Regeneration of destroyed salivary glands and restoration of their function would
greatly improve the quality of life for these patients.

Non-obese diabetic (NOD) mice, a frequently used animal model of Sjégren’s syndrome and
type 1 diabetes mellitus (T1DM), both exhibit infiltrates of lymphocytes in the salivary
glands (sialadenitis) with a gradual loss of salivary function and in the pancreas (insulitis)
(Jonsson et al., 2007; Kodama et al., 2003; Lee et al., 2009; Soyfoo et al., 2007a,b; Tran et
al., 2007). The reduced saliva output is similar to what is observed in patients (Tran et al.,
2007). Previous studies from our group and collaborators have shown that a two-limb
intervention can permanently restore lost function in Sjégren’s syndrome and T1DM in
NOD mice (Kodama et al., 2003; Tran et al., 2007). This two-limb intervention consists of
using complete Freund’s adjuvant (CFA) as the first limb, and then combining this with
matched Major Histocompatibility Complex (MHC) class | spleen cells, as the second limb.
The rationale of this two-limb intervention is that cellular immunity (T lymphocytes) plays a
major role in the pathophysiology of Sjogren’s syndrome (Katsifis et al., 2007). NOD mice
have a defect in the production of the low-molecular-weight protein 2, LMP2, leading to a
problem in T cell selection. This results in the presence of autoreactive T cells and
development of autoimmune diabetes and Sjogren’s-like syndrome (Hayashi and Faustman,
1999). LMP2 is a catalytic subunit of the proteosomes, which are very large protein
complexes inside all eukaryotes and their role is to degrade all proteins that the cell has no
more use for. This proteasome defect also impairs the processing of nuclear factor xB (NF-
xB), a transcription factor that stimulates the expression of genes involved in a wide variety
of biological functions, including the protection from TNF-a induced apoptosis. The
disruption of its function in antigen presenting cells results in the escape of autoreactive T
cells from proper immune selection. NF-xB defect also increases the apoptosis of
misselected T-cells by TNF-a-induced apoptosis (Ryu et al., 2001). Treatment of NOD mice
with a TNF-a inducer such as CFA, promotes the apoptosis of autoreactive T-cells and
eventually removes the autoimmunity (Kodama et al., 2003; Tran et al., 2007). Once the
autoimmunity is removed, restoration of salivary glands’ function was achieved.

Our previous report used spleen cells (Kodama et al., 2003). However, this population of
cells is not easily obtained from patients (except from trauma cases). Bone marrow cells
(BM cells) are clinically easier to harvest (either by needle aspiration or by mobilization to
the blood). The spleen and bone marrow are closely related organs, and both are among the
first sites of hematopoiesis during gestation. There are reports that BM cells have been used
to treat autoimmune diseases (Bocelli-Tyndall et al., 2007; Burt et al., 2009; Lowenthal et
al., 1993; Miniati et al., 2009; Oyama et al., 2005, 2007; Saccardi et al., 2006; Tran et al.,
2003; Van Laar and Tyndall, 2006). BM cells have been suggested as a source of
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multipotent stem cells; particularly the marrow derived stromal cells, also known as
mesenchymal stem cells (MSCs) with their ability to repair non-hematopoietic organs,
including the salivary gland and pancreas (Couzin, 2006; Lombaert et al., 2006, 2008; Orlic
et al., 2001; Urban et al., 2008). MSCs that can be isolated from a variety of tissues were
shown to interact with all cells of the innate and adaptive immune system to modulate their
function. Following systemic administration they home to injured tissues and can suppress
the pro-inflammatory cytokines to help survival. In addition to immuno-modulation they can
also regenerate bone, fat, cartilage and cells of other lineages (Uccelli and Pistoia, 2008;
Zhao et al., 2009). The plasticity and immunosuppressive capability of MSCs have made
them a novel therapeutic choice in autoimmune diseases (Aguayo-Mazzucato and Bonner-
Weir, 2010; Zhao et al., 2009). MSCs can assist in the regeneration of the pancreas and
salivary glands in mice (Lombaert et al., 2008; Urban et al., 2008). Transplantation of BM
cells boosted levels of serum insulin and decreased blood sugar levels in diabetic mice by
mechanisms such as the re-construction of p-cell islets (the insulin-secreting cells), secretion
of growth factors to endothelial progenitor cells, or by direct cell differentiation (Aguayo-
Mazzucato and Bonner-Weir, 2010; Uccelli and Pistoia, 2008). In summary, BM cells are
capable to differentiate into other cell types, as well as to provide a beneficial effect by
secreting cytokines and/or growth factors (Burt et al., 2009; Coppes et al., 2009; Uccelli and
Pistoia, 2008). From all these reasons, the objective of this study was to assess whether the
use of BM cells, instead of spleen cells, in our two-limb intervention (described above)
could prevent Sjogren’s syndrome and restore salivary glands’ function in NOD mice. In
addition, this study improved on our previous one (Tran et al., 2007) by: (a) providing
therapy at an early time point (7-week-old NOD mice, as compared to our previous study
using 14-week-old NOD mice with established Sjogren’s syndrome), (b) following the mice
daily for 52 weeks, (c) by including a group of NOD mice treated with CFA only (to allow
comparison to the group of mice treated with CFA + BM cells), and (d) by assessing the
composition/quality of saliva (as compared to its quantity only). These improvements all add
new information to the current literature.

2. Materials and methods

2.1. Animals

Seven-week old female NOD mice (which had not yet developed Sjogren’s syndrome;
Taconic Farms, Germantown, NY) and aged-matched CByF1B6F1/J (CByB6F1) mice
(Jackson Laboratory) were maintained under pathogen-free conditions in the Animal facility
at McGill University. Female NOD mice were divided into three different groups (10 mice
per group) and were followed for 52 weeks after treatments with either: (a) bone marrow
cells transplant plus CFA (BM cells group), (b) only CFA injected (CFA group), or (c) no
cell injection, no CFA, but daily injections of insulin to control blood sugar levels (Control

group).

2.2. Cell transplantation

Bone marrow cells of male CByB6F1 mice (1 x 107 cells) were harvested and freshly
injected into female NOD recipients (of the BM cells group) through the tail vein, twice a
week for six consecutive weeks (Kodama et al., 2003; Tran et al., 2007; Urban et al., 2008;
Zhao et al., 2009). No bone marrow cells were injected into NOD mice in the CFA group or
Control groups. Complete Freund’s adjuvant (CFA, Difco, Detroit, MI) was freshly mixed
with an equal volume of physiological saline and then injected (50 w.l) into each hind
footpad simultaneously with the first bone marrow cells injection. CFA was also injected
once in NOD mice of the CFA group. No CFA was injected in mice of the Control group.
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2.3. Salivary flow rate

Secretory function of the salivary glands (salivary flow rate) was obtained by inducing mild
gas anesthesia to NOD mice with 5% Isoflurane, and 1.5-1 L/min Oxygen (as per animal
facility protocols at McGill University). Whole saliva was collected after stimulation of
secretion using 0.5 mg Pilocarpine/kg body weight administered subcutaneously. Saliva was
obtained from the oral cavity by micropipette, placed into pre-weighed 0.5-ml
microcentrifuge tubes. Saliva was collected for a 10-min period and its volume determined
gravimetrically. Salivary flow rate was determined at baseline (week 0, when NOD mice
were 7-week old; before transplantation started) and at weeks 2, 12, 34, 38, and 52 post-
transplantation.

2.4. Blood sugar

Blood glucose levels from NOD mice were monitored once a week (Accu-Check, Roche
Diagnostics, Laval, QC, Canada). The mice were diagnosed with diabetes after observing
two consecutive daily blood glucose concentrations of >200 mg/dl. These diabetic mice
were injected with insulin on a daily basis (Humulin N, Lilly, ON, Canada).

2.5. Saliva compositions

2.5.1. Total proteins concentration—The concentration of proteins in saliva was
measured by Bicinchoninic Acid Assay (BCA) method. It was measured at the beginning of
experiment in week 0 and at the end in week 52 (Thermo Fisher Scientific Cat no # 23225).

2.5.2. Epidermal growth factor (EGF)—Concentration of EGF in saliva was measured
by ELISA method at baseline (week 0) and at the end of the experiment (week 52 post-
transplantation) (R&D System, Minneapolis, MN, USA, Cat no # MGEOQOQ).

2.5.3. Amylase activity—Amylase activity in saliva was measured by colorimetric
method at the beginning (week 0) and at the end of study (week 52) (Salimeterics, PA, USA,
Cat no # 1-1902).

2.5.4. Electrolytes (Na*, K*, CI—, and Ca?*) concentration—Salivary sodium,
potassium, chloride, and calcium were analyzed on a Beckman Coulter DXc 800 automated
chemistry analyzer using the urine chemistry mode. The sodium assay was an indirect
potentiometric method based on a sodium sensitive electrode. Potassium was measured with
a potassium sensitive electrode consisting of a valinomycin PVC membrane cast. An
indirect potentiometry utilizing a solid-state chloride electrode was used to measure
chloride. Calcium was also measured by an ion selective electrode consisting of a calcium
ionophore membrane cast (Beckman Coulter Synchron systems, CA, USA).

2.6. Histology analysis

2.6.1. Immunostaining and fluorescence in situ hybridization (FISH)—Salivary
glands were collected, immersed in Optimal Cutting Temperature (OCT) compound, and
then frozen at —80°C. Serial frozen sections were cut in a cryostat at 4-8 pum thickness,
mounted on poly I lysine coated microscope slides and immersion fixed in 2%
paraformaldehyde fixative for 10 min (Tran et al., 2007; Toth et al., 2008). Immunostaining
was performed by primary antibody that was detected by the Sternberger peroxidase
antiperoxidase (PAP) method followed by a Fluorescein Isothiocyanate-Conjugated (FITC)-
tyramide signal amplification (TSA System, Invitrogen, Carlsbad, USA). The primary
antibody used was against Na*/K*/2CI~ co-transporter (NKCC1) (graciously donated by Dr.
James Turner, NIH) to detect salivary acinar cells. A digoxigenin-labeled riboprobe was
then added to recognize a repeat sequence (pY353B) on the mouse Y chromosome. Then the
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samples were blocked with endogenous peroxidase (DAKO, CA, USA#S2001). The
riboprobe was then detected using an antibody to digoxigenin conjugated to peroxidase
(Roche, Indianapolis, USA). This peroxidase was visualized by tyramide signal
amplification with a Alexa Fluor 594 fluorochrome-tyramide reagent (TSA System,
Invitrogen, Carlsbad, USA). All sections were stained with 4”,6-diamidino-2-phenylindole,
dihydrochloride (DAPI; Invitrogen#D3571), a chromosomal marker to label all nuclei and
then mounted with buffer Tris. Finally the slides were visualized using a Leica DM6000
fluorescent microscope equipped with Volocity software (Tran et al., 2007).

2.6.2. Focus score—Focus score is defined as the number of foci, infiltrated lymphocytes
(at least 50 inflammatory cells), per 4 mm? of tissue. After NOD mice were sacrificed, their
submandibular glands were removed immediately. Half of a gland per mouse was fixed in
10% formalin and embedded in paraffin. Sections were cut at 5-8 wm thicknesses and
subsequently stained with hematoxylin and eosin. This method is an accepted way to
determine the severity of the sialadenitis (the inflammatory cells infiltrate found in the
salivary glands).

2.7. Statistical analysis

3. Results

To determine statistical significant differences (p < 0.05), Linear Mixed Models and
ANOVA analysis (Tukey’s Post Hoc test) were used. Subjects between and within the
groups were compared at different time points using SPSS version 17 (IBM, USA).

3.1. Salivary flow rate

Overall salivary flow rates (SFR) gradually increased in the BM cells-treated and CFA
injected groups for up to 1-year post transplantation. SFR of non-treated NOD mice, on the
other hand, continued to decrease until the end of experiment (Figs. 1 and 2). Mice in BM
cells-treated group had a decline in their SFR for 2 weeks post-treatment. After that, SFR
started to recover and continued to improve until the end of the experiment, reaching
comparable levels of SFR in baseline. The SFR was significantly higher in BM cells-
transplanted group than in the non-treated group (v < 0.05).

3.2. Blood glucose

All mice were normoglycaemic at the start of the experiment, at 7 weeks of age (week 0).
Non-treated NOD mice (i.e. only receiving injections of insulin; no CFA or BM cells)
developed diabetes during the course of the experiment and 90% of them died by 30 weeks
post-transplantation (Fig. 3) (v < 0.05). The first mouse in the control group was diagnosed
with diabetes within 2 weeks of the follow-up period. Animals in the 2 treated groups (CFA
+ BM cells; or CFA alone), however, showed a relatively stable blood sugar level and
survived during the observation period of 52 weeks post-transplantation.

3.3. Total proteins concentration

Total proteins concentration in saliva has not changed significantly from week 52 (end of
experiment) when compared to week 0 (when mice were healthy) among the treated groups
(0> 0.05) (Fig. 4). Total proteins concentration in saliva of control mice could not be
measure at week 52 as 90% of these mice had died due to their diabetes.

3.4. Epidermal growth factor (EGF) and amylase activity

Epidermal growth factor levels were higher in the CFA and CFA + BM group at week 52
when compared to week 0. However these differences were not statistically significant
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between and within the groups (Fig. 5; p=0.083). Similarly, the levels of amylase activity
also exhibited lower levels in the CFA group when comparing week 0 and week 52,
although this appears contra-indicative of the role of CFA in reversing this common
symptom of Sjégren’s syndrome (Fig. 6; p=0.170).

3.5. Electrolytes in saliva

In general, the electrolyte concentrations decreased in the BM cells-transplanted group. The
levels of Na* and CI~ decreased in week 44 compared to their levels in week 4 post-
transplantation (Fig. 1 Supplemental). This may be due to the increase of SFR in the BM
cells-treated mice during the 52-week follow-up period. The level of K*, on the other hand,
had a slight increase. The level of Na*, CI~ and Ca2* did not change in the CFA-treated
group during the same interval of observation (Fig. 1 Supplemental). The concentration of
salivary electrolytes (Na*, K*, CI~ and Ca2") in the control-group mice increased during the
course of the study. This can be explained by the decrease of saliva secretion measured from
these mice.

3.6. Immunocytochemistry (ICC) combined with fluorescence in situ hybridization (FISH)

To investigate the mechanism of the return of SFR in BM cells-treated NOD mice, we
examined their salivary tissues for cell chimerism and inflammatory signs. Restoration of
SFR could be the result of rescue of the salivary gland by removing autoimmunity, or by a
combination of rescue and tissue regeneration that overcomes the destruction caused by
autoimmunity. Regeneration could mainly be a de novo process, in which the glands are
being regenerated by their endogenous stem cells (internal source). Another possibility is if
the male donor BM cells are able to differentiate into salivary epithelial cells. We observed a
very small number of male donor cells which had differentiated into salivary epithelial cells
(<0.1%), including acinar cells (detected by the NKCC1 antibody) (Fig. 7).

3.7. Focus score

Focus score in the salivary glands was not significantly different between non-treated and
treated groups (p > 0.05). The average focus scores were 3.13 in the control group, 2.4 in the
CFA-treated group, and 2.3 in the BM cells-treated group. The size of the average
lymphocytic infiltrate, however, was slightly larger in the non-treated mice when compared
to the treated groups (Fig. 8).

4. Discussion

This study demonstrates that a two-limb therapy, simultaneous administration of CFA and
BM cells can prevent the development of Sjogren’s syndrome and type | diabetes mellitus in
female NOD mice. We transplanted 7-week-old female NOD mice (which had normal
glucose and saliva production levels) with CFA and BM cells. We measured effectiveness of
this treatment using these criteria: (1) monitoring the progression to Sjogren’s syndrome and
diabetes, (2) measuring salivary flow rate (SFR), and (3) examining saliva composition. Our
results showed that the treatment administered in young (7-week-old) NOD mice completely
protected mice (100%) from progression to Sjogren’s syndrome and diabetes. This
percentage is higher than the 85% reported by Kodama et al. (2003) for end-stage diabetic
NOD mice treated with this two-limb therapy at 22—-40 weeks of age using splenocytes. Our
data points at the importance of an early intervention using this two-limb therapy. We have
demonstrated SFR improvements from our previous study when treatment started for 14-
week-old NOD mice (with already established Sjégren’s syndrome). However, our previous
study did not evaluate saliva compositions. In the current study, we assessed the salivary
glands’ functions both quantitatively (SFR), and qualitatively (electrolytes, amylase activity,
etc).
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In general, 60-80% of female NOD mice develop Sjogren’s syndrome and type 1 diabetes
mellitus around 8 weeks of age, even though almost all mice exhibit sialadenitis and insulitis
(Jonsson et al., 2007; Lee et al., 2009; Yamano et al., 1999). Symptoms from this disorder
become more severe with time, and the majority of these animals die due to complications
caused by their diabetes and Sjogren’s syndrome (Jonsson et al., 2007; Yamano et al., 1999;
Hu et al., 1992). We, nevertheless, were able to keep the BM cells + CFA treated animals
alive for more than 1-year post-transplantation. Mice in CFA treated group also survived
until the end of study. The therapeutic effects of CFA on diabetes have been shown in many
studies (Ryu et al., 2001; Kodama et al., 2003) including this one. However for Sjogren’s
syndrome, our results showed that SFR of CFA-treated mice decreased after 38 weeks post-
transplantation. In other words, we found that CFA had a transient effect on salivary glands.
Our study did not test alternative adjuvants but only CFA. We selected CFA as it is the most
applicable and efficient available adjuvant that can be used when subcutaneously injected
(Hayashi and Faustman, 1999; Qin et al., 1993). CFA can increase the level of TNF-a
better, higher, and faster and eventually remove the autoimmunity (Qin et al., 1993; Ryu et
al., 2001).

Salivary gland dysfunction occurs in NOD mice with increasing age and this trend was
reported by Jonsson et al. (2006) andSoyfoo et al. (2007a,b) (Jonsson et al., 2006; Soyfoo et
al., 2007a,b). Our finding showed that salivary glands’ function was quantitatively and
qualitatively restored in the BM cells + CFA treated mice. Saliva compositions including
total proteins, epidermal growth factor, amylase activity, and electrolyte concentrations in
treated mice were restored to their initial levels as those at baseline (week 0) of the
experiment, when the mice were still healthy. Small number of male donor BM cells (less
than 0.1%) settled in the salivary gland and differentiated into salivary epithelial cells. Our
method of detection for donor Y-chromosome BM cells is as robust (if not better) than for
GFP cells (Faustman et al., 2006). A clear mechanism for our findings has not been
proposed so far. Since there is no suitable available treatment for Sjogren’s syndrome, our
study is a significant step in support of a combined immuno- and cell-based therapy. The
restoration mechanism of salivary function and its composition are probably driven by gland
rescue and paracrine stimulation done by BM cells (Tran SD, Submitted) (Coppes et al.,
2009; Tran et al., 2007). Transplanted BM cells, including mesenchymal and epithelial cells
secrete cytokines and growth factors, which might stimulate the remaining progenitor cells
in the glands to proliferate and generate new cells as well as inhibit the secretion of pro-
inflammatory cytokines by the infiltrating lymphocytes. Therefore regeneration of the
salivary is a result of de novo regeneration (Coppes et al., 2009). A paracrine mechanism
has also been reported for pancreatic regeneration in a murine model by Aguayo-Mazzucato
and Bonner-Weir (2010). Restoration of the glands’ function could have resulted from
mediators secreted by the donor cells when they were systemically transplanted, as
explained by Horwitz and Dominici (Aguayo-Mazzucato and Bonner-Weir, 2010; Horwitz
and Dominici, 2008). BM cells can also increase angiogenesis by regenerating endothelial
cells, as reported by Lombaert et al. (2008). We, however, could not find any endothelial
cell of donor origin in the NOD mice. In contrast to the pancreas, as reported by Kodama et
al. (2003), we did not find a significant change in focus score (lymphoid infiltrates within
the glands) among the experimental groups (BM cells, CFA, or control group). This data is
similar to our previous study (Tran et al., 2007). The size of the salivary lymphocytic
infiltrates (focus score) in our study was relatively bigger in the control group as compare to
the BM cells-transplanted group; although this did not achieve a statistical significant
difference. There seems to be no obvious association between focus score appearance and
salivary glands dysfunction (Haga, 2002; Jonsson et al., 2006).
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5. Conclusion

In conclusion, we demonstrated that a two-limb, CFA and BM cells, intervention if applied
at an early age can permanently prevent diabetes and Sjogren’s-like syndrome, two forms of
autoimmune diseases in the NOD mice. With recent findings that human patients with
Sjogren’s syndrome have the same proteasome defects in their LMP2 subunit as the NOD
mice, they might likely benefit from this treatment. However, further investigation is needed
to find the mechanism of how and which population of cells from transplanted bone marrow
leads to resolution of the autoimmune disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figs. 1.

Effects of treatment on the restoration of salivary flow rates (SFR). Stimulated salivary flow
rate of BM cells-treated (triangle), CFA-treated (square), and untreated NOD mice (circle)
during the 52-week time course following therapy. SFR in BM cells-treated mice has
recovered. Mice in BM cells-treated group (triangle) had a decline in their SFR for 2 weeks
post-treatment. After that period, SFR started to recover and continued to improve until the
end of the experiment, reaching comparable levels to before Sjogren’s-like syndrome. SFR
was significantly different in BM cells-transplanted group when compare to SFR in control-

group (p< 0.05).

Int J Biochem Cell Biol. Author manuscript; available in PMC 2013 June 13.



1dussnuein Joyny vd-HIN 1duosnueln Joyny vd-HIN

1duosnuey JoyIny vd-HIN

Khalili et al.

0.343

0.70 1

p=

060

050 | —

0.40

SFR (mli/imin/BW)

0.30 A

0.20 4

0.10

0.00

Time (week)

Figs. 2.

Page 12

Control
CFA

mBM cells

Effects of treatment on the restoration of salivary flow rates (SFR). Stimulated salivary flow
rate of BM cells-treated (triangle), CFA-treated (square), and untreated NOD mice (circle)
during the 52-week time course following therapy. SFR in BM cells-treated mice has
recovered. Mice in BM cells-treated group (triangle) had a decline in their SFR for 2 weeks
post-treatment. After that period, SFR started to recover and continued to improve until the
end of the experiment, reaching comparable levels to before Sjogren’s-like syndrome. SFR
was significantly different in BM cells-transplanted group when compare to SFR in control-

group (p< 0.05).
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Fig. 3.

Kaplan—Meier plot for normoglycaemia in BM cells-treated (square), CFA-treated (triangle),

and untreated (circle) NOD mice monitored for 66 weeks (for 52 weeks post-

transplantation). All mice were normoglycaemic at the start of the experiment, at 7 weeks of
age (week 0). The first diabetic mouse was diagnosed in the control group (circle) at 2
weeks post-therapy and 90% of mice in this group died within 30 weeks post-therapy (p <
0.05). Mice in the treated groups (square and triangle) on the other hand, had a stable level
of blood sugar during the course of the experiment. Only one mouse in the BM cells-treated

group showed high level of blood sugar at 30 weeks post-transplantation.
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Fig. 4.

Total proteins concentration in saliva. The concentration of total proteins did not
significantly change in NOD mice of treated groups (CFA and BM cells) between week 0
(when the mice were healthy) and week 52 following therapy (p > 0.05). Total proteins
concentration in saliva of control mice could not be measured at week 52 as 90% of these
mice had died due to their diabetes.
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Fig. 5.

Concentration of EGF in saliva. EGF concentration was not significantly different among
the experimental groups in week 0 (baseline) and week 52, 1 year after treatment, although
EGF concentration was higher in week 52 when compared to week 0 (p = 0.083).
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Amylase activity in saliva. Although the activity of amylase in saliva was higher in treated
groups (CFA and BM cells) at week 0 (baseline) when compared to week 52 post-therapy,

this was not statistically significant (p = 0.170).
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Fig. 7.

Double immunostaining in mouse salivary glands. (A) Male mouse salivary gland tissue
used here as a positive control for the Y chromosomal probe. The Y chromosome signal is a
pink dot, and the co-transporter for Na-K-2Cl type 1 is a green signal that surrounds the cell
membrane (NKCC1 is a marker of salivary acinar cells). Nuclei are stained in blue with
DAPI. (B and C) We observed very few (<0.1%) Y chromosome positive cells in NKCC1-
positive cells (shown by the arrows) in several BM cells-treated female NOD mice. The
scale bar represents 34 um in all three panels. (For interpretation of the references to color
in this figure legend, the reader is referred to the web version of the article.)
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Fig. 8.

Focus score between treated and non-treated mice. Light micrographs of mouse salivary
glands stained with hematoxylin and eosin. Focus score was not significantly different
between non-tread and treated groups. The size of the focus score, however, was slightly
bigger in the non-treated mice (B) when compared to the BM cells and CFA-treated mice (A
and C) (p> 0.05).
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