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ABSTRACT

Background: Type 1diabetes (T1D) is an autoimmune disease characterized by the destruc-
tion of beta cells in the pancreas. Objective: This study’s goals were to look at how much
CDb56 was expressed in the spleen tissue of rats with type 1 diabetes and compare it to rats
that were not diabetic. Methods: The method used in this study was to give rats type 1dia-
betes by giving them Alloxan (120 mg/kg). The rats had diabetes for one month. As soon as
the experiment was over, all the animals were put down and prepared for normal biochem-
ical, histology, and immunohistochemical tests. Results: The study results revealed that
the biochemical findings including glucose, cholesterol, and triglycerides in diabetic group
were more significantly higher than that in the control group. The spleen tissue of diabetic
rats was more inflamed than that of the control group, as shown by histological results.
CDb56 expression was much lower in the rats of diabetic group compared to the rats in the
control group. Conclusion: When looked at as a whole, CD56's role in diabetes seems to
have been lost. This explains why people with type 1diabetes have inflammatory problems.
Keywords: Type 1diabetes, CD56, histology, immunohistochemistry, expression.

1. BACKGROUND

Introduction to Type 1 Diabetes and Spleen Pathology

Type 1 diabetes (T1D) is an autoimmune disease characterized by the
destruction of beta cells in the pancreas (1). Self-destruction of beta cells
is attributed to multifactorial immune system dysfunction, in which both
cell-mediated and humoral immunity contribute to disease pathogenesis and
progression (2). The spleen is involved in inflammation and autoimmunity and
has a profound effect on pro- or anti-inflammatory cytokine secretion. Spleen
tissue changes can influence the progression of T1D (3). Therefore, the associa-
tion between spleen tissue pathology and T1D occurrence, T1D development,
and T1D animal models will be emphasized. In patients with T1D, homeostasis
has become realized due to massive changes in multiple organs, and the main
changes involve the immune system (4). The spleen is the first lymphatic organ
that receives information about immunity and is a key mediator of the immune
response (5). Spleen tissue changes can influence the progression of T1D (6).
To date, NOD mice have been successfully used as a classic animal model for
a T1D study, lacking CD56+ cells on the splenic surface (7). Therefore, it is
important to diagnose the spleen in T1D models (8). The specific mechanisms
of spleen tissue damage and T1D in animals are not exactly the same as those
in T1D. This study aimed to explore what function CD56 plays in T1D and how
changes in spleen tissue damage happen (9).

CD56 Expression and Function in Spleen Tissue

CD56 is abundantly expressed in the nervous system. CD56 is not only
found in neurons, though; it has been found on more and more kinds of
blood cells (10). It is now widely accepted that CD56 is primarily expressed
in natural killer and other immune cell types, and that it can exist in both
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glycosyl-phosphatidylinositol-anchored as well as mem-
brane-bound forms (11). Expression of CD56 has been
shown to change according to pathological conditions,
and CD56 is currently under investigation for its poten-
tial clinical utility as a diagnostic marker (12). It gears
cellular function by serving an immune accessory func-
tion, as well as modulating intracellular signaling (13).
The spleen is a crucial immune and filtration organ, func-
tionally segregated into distinct splenic compartments,
such as the red or white pulp or the marginal zone (14).
Studies have shown that CD56 is able to modulate vari-
ous cellular functions (15). Currently, data are emerging
indicating that CD56 can also be expressed by stromal
cells, that is, macrophages, fibroblastic reticular cells, as
well as some subsets of B cells (16). B cells express alter-
native products of CD56 mRNA transcription, while the
protein product of the electormorph is, to date, yet to be
identified (16). Of particular note is that thymic epithe-
lial cells also express CD56, with heightened expression
observed in organs of endocrine dysregulation such as
the spleen (16). CD56 expression on epithelial cells has
previously been implicated in cell adhesion and motility
(15).

The Impact of CD56 on Type 1 Diabetes Progres-
sion in Rat Models

New treatments for people with type 1 diabetes (T1D)
need new drugs that help with more than just lower-
ing blood sugar (17). These drugs mostly protect the
immune system. This study aimed to investigate how
CD56 affects the seriousness of T1D because natural
killer (NK) have crucial roles in the disease progression
(17). This study shows, for the first time, CD56 elevation
in lymphocyte phenotyping, besides correlating CD56
expression in rat spleen with the characteristic immune
changes of autoimmune T1D rats (18). Increased nitric
oxide (NO) and arginase production can lead to inflam-
mation of the affected islet (19). Therefore, CD56 can
influence disease progression, illustrating the results of
possible clinical trials to modify the expression of the
CD56 molecule on immune cells (20). As a better under-
standing of the mechanisms that regulate this relation-
ship develops, more effective therapeutic targets for the
targeted modulation of T1D will emerge (20).

2. OBJECTIVE

The study aimed to explore the extent to which CD56
was expressed in the spleen of rats with diabetes and to
compare that to rats in the control group.

3. MATERIAL AND METHODS

Preparation of Animals and Induction of the Dia-
betic Model

The methodology included 20 white male rats that
were divided into two groups: a normal group (N = 10)
and a diabetes group (N = 10). The study was conducted
in the animal facility of the Department of Biology at
Yarmouk University, Jordan. The university’s rules show
that this project was approved by the IRB. The animal
unit was used to get the animals. Weights were taken
of the animals before the testing began. Each animal
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weighed 185+7.3 grams. For this study, a different area
in the animal facility was set aside, and the animals
were kept in cages there. For one week before the study
started, all the rats were treated the same way and kept
in the same environment to help them get used to it. Fol-
lowing a 12-hour fast, rats received a single intraperito-
neal administration of alloxan monohydrate (Sigma-Al-
drich) at a dosage of 120 mg/kg.

This made them diabetic. A commercial glucometer
(Glucocheck, HomeMed (Pty) Ltd.) was used daily to
monitor the animals’ blood glucose levels, ensuring they
remained hyperglycemic (2200 mg/dl). All of the ani-
mals were put to terminate at the end of the one-month
study time. The liver organs were taken out, washed with
normal saline, and then put in 10% formalin to stay put
for 24 hours. After that, the tissues were fixed and col-
ored with hematoxylin and eosin so that they could be
examined histologically as usual. More samples were
prepared for immunohistochemistry to look at how
much CD56 was present, how it interacted with other
chemicals, and where it was located.

We developed our immunohistochemistry methods
in our lab and have already written about them (21-23).
Tissue samples from the spleen were processed, cut into
sections, and stuck to charged slides. After the sections
were deparaffinized, they were put in tap water. Before
immunohistochemical staining on tissue slices, samples
were put in a 1% hydrogen peroxide solution for 20 min-
utes to stop the activity of endogenous peroxidase. After
that, phosphate-buffered saline (PBS; pH 7.2-7.4) was
used to wash the sections, and 1% bovine serum albu-
min (BSA) was used to stop any nonspecific binding. The
sections were washed with PBS and then put in a humid
room for one hour with the main monoclonal antibody
solution (CD56, 1:100; Santa Cruz Biotechnology). Fol-
lowing PBS washes, secondary biotinylated antibodies
were applied and incubated for 20 minutes. The sections
were then treated with streptavidin conjugated to horse-
radish peroxidase for an additional 20 minutes, followed
by PBS washing. Immunohistochemical signals were
visualized using diaminobenzidine (DAB), which pro-
duced a brown coloration upon reaction. The reaction
was stopped by running tap water over the slides. As a
counterstain, hematoxylin was used for 30 seconds. The
slices were then dried out and mounted with the right
medium. The stained parts were looked at with Adobe
Photoshop Software version 7.2 to measure the amount
of CD56 expression. The biomarker’s brown color and
the tissue’s blue counterstain were used to look at micro-
graphs of antibody-stained slides. Expression ratios
were calculated by dividing the number of pixels corre-
sponding to the biomarker’s color (brown) by the total
pixel count (sum of brown and blue pixels).

Statistical analysis

SPSS version 21.0 was used for the statistical analysis.
To compare the results of the two groups, the indepen-
dent t-test was used. A P-value of less than 0.05 was sta-
tistically considered significant. The amounts of CD56
expressed in each group were shown as the mean + the
standard deviation.
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4. RESULTS

Biochemical results

Table 1 shows that the glucose level in the control
group was 97.5 + 8.4 mg/dl, while in the diabetes group,
it was significantly higher at 265 + 24.5 mg/dl (p <
0.001). Additionally, cholesterol and triglyceride levels
were markedly elevated in the diabetes group compared
to the control group, with the mean differences between
the two groups also reaching statistical significance (p
< 0.001).

Variable (MSD) Control  Diabetic 5
group group

Glucose (mg/dl) 97.5+8.4 265+24.5 <0.001

Cholesterol (mg/dl)  72.4+7.6 175+13.4 <0.001

Triglycerides (mg/dl) 84.8+8.5 135.4+19.7 <0.001

Table 1. Biochemical profiles of glucose and lipids in study
groups

Figure 1. A micrograph of spleen in the control group. Blue
arrow points to lymphoid germ centers. Yellow arrow points to
red blood cells surrounding the lymphoid germ centers, 10X
H&E stain.

Histological findings

Figure 1 demonstrates the normal histological fea-
tures of the rat spleen tissue. The blue arrow points to
the lymphoid germ centers. Red blood cells surround
the germ centers (red arrow).

Figure 2 demonstrates the histological features of
the spleen tissue of diabetic rats. We observed that red
blood cells have infiltrated the germ lymphoid centers
(blue arrow).

< ; SRR R A.',j 5
Figure 2. Histological features of the spleen of diabetic rats,
40X
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CD56 Expression in Study Groups

Figure 3 illustrates CD56 expression in the spleen tis-
sue of the control (non-diabetic) group. CD56 expres-
sion is observed in various regions of the spleen tissue;
however, it is notably absent in the lymphoid germinal
centers (indicated by the blue arrow).

s g 4

Figure 4. The expression of CD56 in the diabetic group

Variable M+SD Pvalue
CD56-Control 10227.13+6328.53 0.013
CD56-Diabetes 5382.07+3094.64 :

Table 2. The expression of CD56 in Study groups

Figure 4 illustrates the expression of CD56 in the
spleen of diabetic rats. It is observed that the expres-
sion of CD56 is more localized in lymphoid germ center
(arrow), but in a lesser level.

Mathematical Expression of CD56 in Study Groups

Table 2 and Figure 5 present the expression of CD56
in the study groups. In the control (non-diabetic) group,
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Figure 5. The mathematical expression of CD56 in study groups
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the CD56 expression is 10,227.13 + 6,328.53 pixels,
whereas in the diabetic group, it is significantly lower at
5,382.07 + 3,094.64 pixels. The difference between the
mean values is statistically significant (p = 0.013).

5. DISCUSSION

Biochemical findings

A lot more glucose was found in the diabetic group
(265+24.5 mg/dl) than in the control group (97.5+8.4
mg/dl; p<0.001). This is consistent with hyperglycemia,
which is a sign of diabetes mellitus. This jump is because
insulin isn't working or releasing correctly, which makes
it hard for the body to absorb glucose. A metabolic prob-
lem called dyslipidemia is often linked to diabetes. Peo-
ple with diabetes have high levels of cholesterol and fats
(25). Insulin resistance makes fat cells break down fat,
which leads to dyslipidemia. This makes the liver make
too many lipoproteins because it gets more free fatty
acids (22).

People with diabetes are more likely to get heart dis-
ease based on these biochemical signs. This shows how
important it is to keep your metabolism in check to stay
healthy (21-24).

Histological Findings

Taking a close look at the spleen organs of rats with
and without diabetes shows that they are very different.
Blood cells called red blood cells and clear lymphoid
germ centers were evenly spread out in the spleen tissue
of healthy rats (Figure 1). On the other hand, it was clear
that red blood cells had reached the germ blast cen-
ters in diabetic rats (Figure 2). The spleen may be going
through changes that could be caused by vascular dam-
age or inflammatory processes. This could be because of
having high blood sugar for a long time. A lot of glucose
can lead to oxidative stress and inflammation, which can
weaken the small blood vessels in the spleen (26).

Rats with diabetes have changes in the shape and
function of secondary lymphoid organs like the spleen,
which could be linked to the accumulation that was seen
(26).

CD56 Expression

CD56 is a sign of natural killer (NK) cells and other
immune cells (17, 18). Rats with and without diabe-
tes had different amounts of expression in their spleen
organs. In the control group (Figure 3), CD56 wasn't
just found in the lymphoid germ cells but also in other
parts of the spleen. The diabetic rats, on the other hand
(Figure 4), only had a small amount of CD56 expression
in the lymphoid germ cells. We saw that diabetic rats
had a lot less CD56 expression (5382.07+3094.64 pixels)
than controls (10227.13+6328.53 pixels; p=0.013). This
can be seen in Table 2 and Figure 5. It shows that NK
cells are not working as well or as heavily as they should
because they have less CD56 expression. NK cells help
the immune system keep an eye on things and change
how it responds (27). Maybe the fact that the expression
has dropped and the location has changed means that
rats with diabetes may not have as strong of an immune
system, which makes them more likely to get infections
and inflammatory diseases. Hyperglycemia and reactive
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stress can change how NK cells work and how long they
live (28).

6. CONCLUSION

These findings show that diabetes has many impacts
on the metabolic and immune systems. The biochemical
numbers show how important it is to keep glucose and
lipids under control to lower the risk of all the bad things
that can happen with diabetes. The histological and
CD56 expression results show that immune organs like
the spleen are changed by diabetes in how they look and
work. We need to do more study to figure out the chem-
ical processes that lead to these changes and to look into
possible immune system-based diabetes treatments.

CD56 appears to have a negative outcome on the
spleen due to its role in regulatory T cell injury and its
co-expression with CD8 following damaging inflam-
mation in the spleen in the late active stage of diabetic
rats. Our research provides an orientation for the role
of CD56 in the mechanism of spleen inflammation and
sclerosis associated with diseases, which could help in
the development of potential treatments and diagnostic
tools for diabetic patients. Draining feeding spleen from
liver-derived antigens-laden blood, which is able to con-
tribute to the systemic immune response, may exist, but
it is necessary to further validate its specific mechanism.
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