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ABSTRACT

Background: Immune dysfunction is one of the co-morbidities that became well recognized several years ago in
people with obesity. Obijective. To study the peripheral blood T-cell compartment, the absolute counts and relative
frequencies of T-cell subpopulations including CD8+T cells; CD4+Tcells in adults suffering morbid obesity
compared to lean subjects. Patients and methods: This case-control study included 30 adults with morbid obesity
and 20 lean healthy subjects who were age and sex-matched.CD4 and CD8 absolute and relative count together
with CD4/CD8 ratio were assessed and compared between the two groups. Results: Adults with morbid obesity
had higher total leucocyte count (TLC), CD4 percentage, CD4 absolute count, and CD4/CD8 ratio than that of
controls. On the other hand, the CD8 percentage was lower in people with morbid obesity. There were positive
correlations between CD4% and BMI, waist circumference, cholesterol, triglyceride, LDL, and TLC and
neutrophils count. There was a negative correlation between the percentage of CD8 and BMI. CD4/CD8 ratio
correlated positively with BMI but negatively with systolic blood pressure. Conclusion: CD4* CD8" T
lymphocytes assay could help assess the immune state and recognize obese at risk of immune dysfunction

complication as infection and metabolic diseases.
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INTRODUCTION

Obesity is a metabolic disease that has increased
in prevalence lately. It is considered a major risk of
death in the West . Complications of obesity include
type 2 diabetes mellitus and cardiovascular disease .

Immune dysfunction is one of the co-
morbidities that appeared several years ago in obese
®, Studies clarified the role of excess adiposity in
increased susceptibility of infection and therefore
proved a negative impact on the immune system ©.

Morbid obesity has been described as a chronic
inflammatory disease that contributes to immune
dysfunction, as it participates in neutrophil and
monocyte dysfunction & . Although macrophages in
the adipose tissue are long known to be the primary
cause of chronic inflammation, T cells appeared to
accumulate in adipose tissue in an amount that
exceeded that of macrophages 1%. Therefore, studies
postulated the importance of T cells in the
pathogenesis of adipose tissue inflammation @),

T cells are the main contributors to the adaptive
immune system. The main two arms of T cells are the
CD4+ T cells, which recognize MHC Il-presented
antigens, and the cytotoxic CD8+ T cells which are
responsible for the MHC I-presented antigens (12,13).
Limited number of studies demonstrated the link
between obesity and the composition of the peripheral
immune system@*%_  Some studies reported an
increase in the T-cell compartment proliferation while
others demonstrated a decrease in the number6-18),

This work aimed to study the peripheral blood
T-cell compartment, the absolute counts and relative
frequencies of T-cell subpopulations including
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CD8+T cells and CD4+Tcells in morbidly obese
compared to lean subjects.

MATERIAL AND METHODS

The present study was a case-control study that
included 30 apparently healthy morbidly obese adults
(BMI >40) subjects. Patients were recruited from the
outpatient Obesity Clinic, Ain Shams University
Hospital, Cairo, Egypt between October 2014 and
February 2016. Twenty lean healthy subjects of
matched age and sex were also included as controls
(BMI 18.5-24.9).

Ethical considerations

The study was approved by the ethical committee
of Ain Shams University and written informed
consent was obtained from all participants.

Patients who smoked, pregnant females, patients with
chronic illness such as advanced liver, pulmonary,
renal diseases, or diabetes mellitus, known
malignancy, or on current medications
(antihypertensive, lipid-lowering, hormones, anti-
inflammatory, and immunosuppressive drugs), acute
or chronic inflammatory or infectious diseases, recent
trauma, and positivity for hepatitis B and C were
excluded from the study.

Patient data and Anthropometric Measurement.:
For all subjects: age, weight, height, and blood
pressure were recorded. Full history taking and
clinical examination were done with special emphasis
on the history of any chronic disease, current
infections, and any current medications. Measurement
of mean arterial blood pressure was done using
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mercury column sphygmomanometer. All subjects
were in a sitting comfortable position with a short
period of rest preceding the measurement. Body mass
index (BMI) was calculated using the Quetelet
formula (weight in kilograms divided by the square of
height in meters). Height was measured to the nearest
0.5 cm using stadiometer and body weight was
measured to the nearest 1 kg while wearing light
clothing and no shoes using a scale. Waist
circumference (WC) was taken at the level midway
between the lowest rib margin and the iliac crest at the
end of a normal expiration using a measuring tape.

Laboratory Investigations:

After 12-14 hours fasting, 7 ml of venous blood
was drawn from each patient and control, where 3 ml
was placed in an EDTA vacutainer tube (Becton
Dickinson, Oxford, UK) for performing complete
blood count (CBC) and for CD4* CD8* T-
lymphocytes estimation by flow cytometry. The rest
of the blood was collected into a gel vacutainer tube
(Becton Dickinson) to be clotted and centrifuged
(1500 g for 15 min) for assay of total cholesterol(TC),
high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C),
Triglycerides (TG), liver functions and Kidney
functions. After 8 hours fasting, another 2 ml of a
venous sample was drawn into a gel vacutainer tube to
be clotted and centrifuged for measurement of fasting
plasma glucose (FPG). 2 hours after eating, the last
venous sample was collected for measurement of 2-
hour postprandial blood sugar. The laboratory work

Serum blood glucose levels, lipid levels, AST, ALT,
creatinine, and BUN were measured on Synchron CX-
9 autoanalyzer (Beckman Instruments Inc.; Scientific

Instruments Division, Fullerton, CA 92634, 3100,

USA).LDL-C was calculated using the Friedewald
equation®,

CD4*and CD8" T-lymphocytes assay: For the
detection of the combined expression of CD4 and CD8
on lymphocytes, two Wassermann plastic test tubes
were used; one for the test and the other for the

isotypic control.

A total of 50uL of EDTA-

anticoagulated whole blood were added to each tube,
then were lysed using 1 ml lysing solution followed by
a wash with phosphate-buffered saline (PBS).

The cell pellet was stained with combinations of

the following antibodies (5 pL each): fluorescein

isothiocyanate

(FITC)-labeled antihuman CD4

(Immunotech SAS, Marseille Cedex, France) and
phycoerythrin (PE)-labeled anti-human CD8 (R&D
Systems, Minneapolis, MN) in the test tube; and PE
isotype control and anti-CD4-FITC in the control tube.
Both tubes were then incubated in dark at room
temperature for 15 min followed by a single wash with
PBS. Data acquisition and analyses were performed on
EPICS XL flow cytometer (Coulter Electronics,
Florida, USA) using SYSTEM |1 version 3 software
with a standard 3-color filter configuration. Isotype-
matched controls were used to set up the gating.
Lymphocytes were gated according to their forward

and side scatter properties,

and CD4*andCD8*

positive T cells were gated out of total lymphocytes

was conducted at the Clinical Pathology Department. (Figure 1).
CBC was done using a Coulter counter (T660)
(Beckman. Coulter, California, USA).
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Figure 1: Representative dot plots of flow cytometry and the gating strategy used (A) shows forward and side
scatters to gate lymphocytes. (B) Shows that CD4*CD8" positive T cells were acquired after gating the
lymphocyte population by forward and side scatter properties.

Statistical methods
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Analysis of data was done using SPSS (Statistical
Package for Social Science) program version 24. To
describe the studied sample, quantitative data were
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presented as a minimum, maximum, mean, and standard
deviation. Qualitative data were presented as count and
percentage. The Student t-test was used to compare
quantitative data between two groups and the Chi-
Square test was used to compare qualitative data.
Pearson correlation test was used to compare the
correlation between different continuous variables.
Linear regression analysis was used to measure the
independent effect of different variables on CD4 and
CD8 levels. P-value < 0.05 was considered statistically
significant.

RESULTS

The demographic and clinical characteristics of both
groups are shown in Table 1.TLC was statistically
significantly increased in cases (p-value<0.033) (table
1) CD4 absolute count, CD4% and CD4/CD8 ratio

were statistically significantly increased in cases (p-
value<0.001) .On the other hand, CD8% was
statistically significantly decreased in morbid obese
group (p-value<0.003)(table 2).

CD 4 showed a significant positive correlation
with BMI (p-value< 0.001) ,waist circumference (p-
value< 0.021) , cholesterol(p-value<0.001), triglyceride
(p-value<0.051) and LDL( p-value<0.003),TLC(p-
value<0.029) and neutrophils count(p-value<0.036)
(table 3). (Fig 2) There was a significant negative
correlation between CD8 and BMI (p-value<0.027)
(table 4). Fig (3) CD4/CD8 ratio showed a significant
positive correlation with BMI (p-value<0.011) and
significant negative correlation with systolic blood
pressure (p-value<0.041). (table 5). Fig (4).

Table (1): Comparison between cases and controls regarding demographic, clinical data, and laboratory

investigations

Cases (N=30) Controls (N=20) t* P-value
Mean SD Mean SD
Age (years) 31.87 3.50 32.25 3.13 0.395 0.694
BMI 43.75 3.46 21.82 1.68 26.282 <0.001
Waist circumference (cm) 139.43 10.98 78.98 3.95 27.590 <0.001
SBP (mmHg) 115.50 5.62 118.0 4.10 1.815 0.076
DBP (mmHg) 75.00 7.77 78.00 4.10 1.776 0.082
N % N % X P-value
Sex Male 3 10.0 1 5.0% 0.408 0.641
Female 27 90.0 19 95.0
S. Cholesterol (mg/dl) 198.20 62.64 155.1 25.04 3.381 0.002
TG (mg/dl) 109.67 48.28 1354 8.13 2.859 0.007
HDL-C (mg/dl) 61.03 12.60 64.85 13.96 1.005 0.320
LDL-C (mg/dl) 112.73 52.62 83.30 15.45 2.883 0.007
TLC (x1073/ul) 7.56 1.26 6.95 0.67 2.198 0.033

Results are expressed in mean tstandard deviation (SD). *Independent samples t-test **Chi-square test (Fisher exact).
BMI=Body mass index, SBP= systolic blood pressure, DBP= diastolic blood pressure, TG= serum triglycerides, HDL-C=
High-density lipoprotein cholesterol, LDL-C= Low-density lipoprotein cholesterol, TLC= Total leucocytic count.
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Table (2): Comparison between cases and controls regarding CD4 count and percentage, CD8 count and
percentage, and CD4/CD8 ratio

Cases Controls t* P-value
(N=30) (N=20)
Mean SD Mean SD

CD4% 0.63 0.04 0.51 0.02 13.453 <0.001
CD4 absolute 1.40 0.34 1.02 0.17 5.159 <0.001
CD8% 0.24 0.05 0.28 0.04 3.102 0.003
CD8 absolute 0.51 0.16 0.57 0.12 1.313 0.195
CD4/CD8 ratio 2.80 1.02 1.78 0.32 5.108 <0.001

*Independent samples t-test

Table (3): Relation between CD4 percentage and demographic, clinical data, and laboratory investigations
of cases.

CD4%

r* P-value
Age -0.059 0.756
BMI 0.867 <0.001
Waist circumference 0.419 0.021
SBP -0.028 0.882
DBP 0.045 0.812
S. Cholesterol 0.579 0.001
TG 0.359 0.051
HDL-C -0.094 0.622
LDL-C 0.520 0.003
TLC 0.398 0.029
Neutrophils 0.385 0.036

*Pearson correlation coefficient

Table (4): Relation between CD8percentage and demographic and clinical data of cases.

CD8%
r* P-value
Age -0.306 0.100
BMI -0.404 0.027
Waist circumference -0.075 0.692
SBP 0.249 0.184
DBP 0.112 0.557

*Pearson correlation coefficient
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Table (5): Relation between CD4/CD8 ratio and demographic and clinical data of cases.

CD4/CDS8 ratio

r* P-value
Age 0.352 0.056
BMI 0.458 0.011
9-waist circumference 0.087 0.647
SBP -0.375 0.041
DBP -0.151 0.427

*Pearson correlation coefficient
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Figure 2: Scatter plot for the correlation between BMI and CD4 percentage among cases
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Figure 3: Correlation between waist circumference and CD4 percentage among cases
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Figure 4: Scatter plot for the correlation between BMI and CD4/CD8 ratio among cases

DISCUSSION

There appears to be a link between obesity and
abnormalities in the immune system. When adipose
immune interactions occur, in the form of low-grade
inflammation, obesity-related comorbidities and long
term complications eventually appear % 21.22),

T cells seem to be crucial contributors to
adipose tissue inflammation @Y. Some studies even
supported this fact as they found that insulin
sensitivity improved T-cell depletion which in turn led
to a decrease in accumulation of adipose tissue
macrophage ©23.

Several researchers studied the composition
of the immune system of peripheral blood in obesity.
Some studies positively correlated BMI, total white
blood cells count, and T cell numbers in peripheral
blood @42 while other studies showed a decrease in
the T cell subpopulations @®. Furthermore, others
claim no difference in T cell subpopulations between
normal-weight individuals and obese 9.

In the present study, morbidly obese subjects
had higher BMI, waist circumference, total
cholesterol, LDL, triglyceride, TLC, CD4 percentage,
CD4 absolute count, and CD4/CDS8 ratio than that of
controls. On the other hand, the CD8 percentage was
low in the morbidly obese group. There were positive
correlations between CD4% and BMI, waist
circumference, cholesterol, triglyceride, LDL, and

TLC and neutrophils count. On the other hand, there
was a negative correlation between the percentage of
CD8 and BML.

CD4/CD8 ratio correlated positively with
BMI but negatively with systolic blood pressure.

As regards total leukocyte count, it was high
in the morbidly obese. Similarly, Kanneganti et al. ¢")
reported an elevation in total WBC in obese in
comparison to control.

Obesity is associated with elevated cytokines
and encourage leukocyte differentiation and increase
leukocyte count. Indeed, impairment in thymopoiesis,
causing malfunctioning of T cell, results in pro-
inflammatory responses and metabolic tissue
infiltration ©®.

In the present study, morbidly obese subjects had
higher CD4percentage, CD4 absolute count and
CD4/CD8 ratio. On the other hand, CD8 percentage
was lower than that of controls.

Similarly, Agabiti-Rosei et al. ?® found a
significant increase in CD4+ effector memory cells in
morbidly obese.

Also in a cohort study, Mauro et al. G
studied the relationship between obesity and the
effector memory phenotype of CD4+ T cells in human
and focused on the morbidly obese patients and
observed that the percentage of effector memory T
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cells was raised in morbid obese as compared to the
entire obese population and the lean population.

In a similar study conducted on morbidly
obese individuals, Weerd et al. @ demonstrated that
there was a statistically significant increase in the CD4
in peripheral blood and a statistically significant
increase in CD4/CD8 ratio. Yet there was no
significant change in CD8.

Also, O'Rourke et al. @D stated that there
were alterations in the frequencies of peripheral CD4+
and CD8+ T-cells. There was a statistically significant
increase in CD4 and a similar significant decrease in
CD8 subsets in obese candidates compared with lean
ones. Moreover, there was a statistically significant
increase in CD4/CDS8 ratio.

Womack et al. @, in a large cohort study,
found that being overweight or obese was associated
with higher CD4, total lymphocyte, and WBC counts.
Meanwhile, being morbidly obese was associated with
these outcomes, in addition to a higher CD8 count.
The associations between weight and immune cell
counts became stronger with each successive increase
to the next weight category.

Several theories explained the changes in the
T cell subsets in obese. One theory postulated that that
fat directly affects the CD4 count more than it does on
CD8 leading to an increase in CD4. Another theory
stated that fat cytokines’, specifically leptin, main goal
is the activation of CD4 ¥, Decreased CD8 levels
may be due to change in immune cells development
and differentiation. CD8 cytotoxic T cells play
important role in prevent infection and cancer, so
decreased levels could prone to infection and cancer
in obese GV,

Our study revealed positive correlations
betweenCD4%and BMI, waist circumference,
cholesterol, triglyceride, LDL, and TLC and
neutrophils count. On the other hand, there was
negative correlation between percentage of CD8 and
BMI. These findings approve the relationship between
immune system and metabolic disturbance.

Studies demonstrated that elevated CD4 cells
in obese are associated with increased risk of
atherosclerosis, insulin resistance and metabolic
syndrome. So it is postulated that high CD4 cells in
obese cause metabolic disturbance through its
important role in obesity related inflammation.
Change in CD4 subset could identify obese at risk of
infection, metabolic and cardiovascular diseases 19,

Interestingly, Fathy and Morshed ©2 found
that weight loss patients resulted in a statistically
significant decrease in serum leptin levels and CD4
and CD8 T lymphocytes levels after operation.

On the contrary, opposite results were
achieved by Merhi et al.®® They found that no
significant changes were found in the CD4+ or CD8+

T cells among all populations after the decrease in
BMI three months after surgery.

Travers et al. G¥ demonstrated elevated
expression of both CD4 and CD8 in subcutaneous
adipose tissue and positively correlated to degree of
adiposity.

Duffaut et al.'s ® results matched Travers et
al's that the accumulation of adipose tissue
lymphocytes is positively correlated with obesity.

. Zeyda et al.®®, also showed that the CD4
cell numbers in visceral AT of obese individuals were
elevated, as compared to lean controls, and were
correlated with BMI and markers of systemic or
adipose tissue inflammation such as CRP and plasma
IL-6.

CONCLUSION

The current study demonstrated that obesity was
associated with change in T cells subsets (increased
CD4 count and percentage, and decreased CD 8 count
and percentage) and their correlations with obesity
parameters and metabolic factors identify obese at risk
of immune dysfunction, related complications and the
importance of weight reduction strategies to overcome
these complications.

Large scale study could help study the effect of
obesity on T cell subsets at both function and cellular
levels and compare T cell function in apparently
healthy obese subjects with obese subjects presenting
with infections. Studying and comparing tissue T cell
number and function with blood T cell number and
function, demonstrating the impact of hyperlipidemia
on the immune and examining the effect of blood
pressure on T cell subsets are recommended.
Longitudinal studies are needed to study immune
alternations impact on complications and the effect of
weight reduction strategies on these changes.

The proper identification of this relationship
might open opportunities and new modalities to adjust
immunity in obese patients.
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