
Introduction
Diabetes mellitus (DM) is a chronic disease which leads to
many complications such as retinopathy. Type-2 diabetes
mellitus (T2DM) is more common and is one of the
leading causes of morbidity and mortality. World
prevalence of diabetes was 285 million in 2010, and may
increase to 439 million by 2030. More than 80% of
diabetics are in low and middle income countries.1,2
Pakistan had 6.9 million diabetics and by 2025 there could
be >11.5 million people with diabetes.3

Currently, children of 8 years or younger are having T2DM
which is attributed to obesity, and changes in diet and
lifestyle. In 20 years, T2DM would be 60% of non-
communicable diseases of developing world.4 Asians are
less obese, less overweight and have low body mass index
(BMI) compared to Western people, but have higher
prevalence of diabetes. Increased childhood obesity and
particularly abdominal obesity in Asians are the reasons

behind T2DM hike.5 In diabetes, hyper-reactive platelet
interaction with damaged vessels causes micro-
thrombosis of small vessels that leads to diabetic
retinopathy (DR) which is a horrifying prospect. Number of
people at risk of developing DR would double in 30 years.6

Individuals with increased white blood cell (WBC) count and
raised inflammatory markers i.e. IL-6 and C-reactive protein
(CRP), are likely to develop T2DM. Aberrant expression of
human leukocyte antigen-DR and DQ on retinal cells,
presence of anti-pericyte and anti-endothelial cell antibodies
deposition of immuno globulins, monocytes, complement
proteins, andT cells, suggests an autoimmuneprocess inDR.7

T regulatory (Treg) cell, a subset of CD4+ T cells maintain
peripheral tolerance and down-regulate antigen-specific
responses by secreting certain cytokines. Tregs express
CD25 and Foxp3which is amaster control gene. In humans,
CD4+CD25+ T cells repertoire is quite diverse. Insufficient
suppression of inflammatory process or transformed Treg
cells initiate autoimmune disease. Many markers are used
for identification of Tregs e.g. CTLA-4, CD62L (L-selectin),
CD134 (OX40), IL-2 receptor alpha chain (CD25), etc.

Th17, a subclass of T cell, produces IL-17 which requires IL-
6 and Transforming growth factor beta (TGF-beta) for its
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initiation and IL-23 for its maintenance. Natural Killer T
cells express IL-23 receptor and produces IL-17 which is
independent of IL-6. IL-17 Foxp3 Tregs contribute in
antimicrobial defence and checks autoimmunity. Th17
has been associatedwith autoimmunity, cancer, and type-
1 diabetes (TID). Increased level of IL-17 in TID is
detrimental to islet cells. Similarly, IL-17 is increased in
active uveitis and it decreases after treatment. Interferon
gamma (INF-γ) produces IL-27 in target tissue and
therefore alleviates uveitis by antagonising Th-17.8,9

Anti-IL-6 receptor antibody (Taclomide) is used as
treatment in rheumatoid arthritis. Likewise, IL-17/IL-23
axis can be used for diabetic complications and
autoimmunity. Exact cause of DR is not known and
immune involvement is questionable. The current study
was planned to enumerate Tregs cells and to determine
serum IL-6 and IL-17 in DR patients of T2DM.10

Subjects and Methods
The case-control study was conducted at the the
Department of Immunology, University of Health Sciences,
Lahore, from November 2009 to January 2012 and
comprised diabetic patients and healthy controls whowere
divided into three groups. Group 1 had controls, while
Group 2 had diabetic patients without retinopathy and
Group 3 had diabetic patients with retinopathy.

After approval by the institutional ethics committee, the
subjects were selected using simple random sampling
technique. While calculating the sample size, confidence
interval (CI) was set at 95% with 5% margin of error and
the value for anticipated proportion of type-II DR
population was 15.7%. Subjects of either gender between
20 and 75 years of age and having diabetes of 5-25 years
were selected. Subjects having infection in the preceding
twoweeks and chronic infection like tuberculosis (TB) and
autoimmunity were excluded.

While collecting samples, glycated haemoglobin (HbA1c)
and duration of diabetes was noted. Eye examination was
performed by an ophthalmologist.

CD4+CD25+ Tregs were enumerated by flowcytometre
FACS Calibur (Becton Dickinson) using monoclonal
antibodies (Becton Dickinson). Venous blood (2-3ml) in
ethylene diamine tetraacetic acid (EDTA) tube was
collected. Further procedure was in line with literature11
except the washing step. Lyse-wash method on whole
blood was used. Further, 20ul of fluorescein
isothiocyanate (FITC) taggedwith CD4, phycoerythrin (PE)
with CD25 and peridinin-chlorophyll-protein (PerCP) with
CD45 cells were added to one tube and 20ul of isotype
control to other. The instrument was calibrated and

fluorescent signal compensation was performed using
CellQuest Pro software (BD) and Calibrite beads (Becton
Dickinson). From CD4+CD25+ T cells, percentage of Tregs
was calculated according to literature.12

IL-6 and IL-17 were detected using enzyme-linked
immunosorbent assay (ELISA) according to the instructions
of the kit manufacturer (KOMABIOTECH Inc, Korea) and
plates were read at microtiter plate reader (BioRad, USA).
The manufacturer claimed no cross-reactivity of cytokines.

Datawas analysedusing SPSS 20.Mean± standarddeviation
(SD) for quantitative variables, frequencies and percentages
for qualitative variables were worked out. Normality of the
data was assessed by using Shapiro Wilk test. Median and
interquartile range (IQR) were given for data that was not
normally distributed i.e. IL-6 and IL-17. One way analysis of
variance (ANOVA) and Kruskal Wallis H test were used to
observe group mean differences, Post Hoc Tukey test and
Mann-Whitney U test with Bonferroni correction were used
for pair-wise comparisons. Pearson Chi-Square test for
associations between qualitative variables was applied.
Multinomial logistic regression was performed to assess the
association of a number of factors with the disease. P<0.05
was considered statistically significant.

Results
Of the 212 subjects in the study, 30(14%) were Group 1,
30(14%) in Group 2 and 152(72%) in Group 3. There were
25(83%) women in Group 2 and 101(66%) in Group 3
compared to 9(30%) in Group 1 (Table-1). Higher mean
age was in Group 3 (50.88±8.9 years) and Group 2
(49.46±9.94 years) compared to Group 1 (34.66±8.78
years). There was significant difference among the three
groups, between Group 1 and Group 2, and between
Group 1 and Group 3 (p<0.0001 each) and no significant
difference between Group 2 and Group 3 (p>0.05).

Longermean disease duration was in Group 3 (10.51±5.24
years) than Group 2 (7.76±4.14 years) (p=0.007). Highest
median ratio of IL-6 was in Group 1 (1468.62) (Q1-Q3:
1229.9-1543.35), followed by Group 2 (1455.32) (Q1-
Q3:1214.22-158.9) and Group 3 (469.84) (Q1-Q3: 206.53-
1231.33) whereas IL-17 was the highest in Group 1
(339.38) (Q1-Q3: 159.89-1174.93), followed by Group 3
(216.60) (Q1-Q3: 141.87-410.25) and Group 2 (174.17) (Q1-
Q3: 138.77-458.17). Higher percentage of Tregs was in
Group 2 (3.07±0.43) followed by Group 1 (2.91±0.04) and
Group 3 (2.88±0.38) (p=0.015). Significant difference was
observed in gender, age, disease duration, level of IL-6
and IL-17 (p<0.05 each), while no difference was found in
HbA1c, CD4+CD25+ and Tregs (p>0.05 each).

On using multinomial regression model, significant
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Table-1: Comparisons of different variables in different groups.

Variable Group-I (n=30) Group-II (n=30) Group-III (n=152) p-value

Gender
Male (n, %) 21 (70%) 5 (16.6%) 51 (33.55%) 0.0029*1
Female (n, %) 9 (30%) 25 (83.33%) 101 (66.44%) <0.0001*2

<0.0001*3
0.08684

Age (years) min max 24.0-64.0 27.0-75.0 20.0-75.0
Mean ± SD 34.66 ± 8.78 49.46 ± 9.94 50.88 ± 8.90 <0.0001*1

<0.0001*2
<0.001*3
0.43654

Duration (years) min max NA# 5.0-20.0 2.0-26.0 0.0073*4
Mean ± SD 7.76 ± 4.14 10.51 ± 5.24
HbA1C (bands) min max NA# 5.90-12.60 5.20-15.40 0.60444
Mean ± SD 8.54 ± 2.06 8.83 ± 2.35
CD4CD25 (%) 0.06751
min max 7.08%-25.64% 1.60%-27.55% 2.14%-31.54% 0.83742
Mean ± SD 14.53 ± 4.84 14.68 ± 6.21 16.47± 6.56 0.12723

0.17054
T-regs (%) min max 2.28%-4.40% 2.36%-4.02% 2.23%-4.72% 0.24341
Mean ± SD 2.91 ± 0.04 3.07 ± 0.43 2.88 ± 0.38 0.53832

0.66433
0.0150*4

IL-6 (pg/ml) min max 728.66-1680.58 750.95-1666.73 10.00-20000 <0.0001*1
Median 1468.62 1455.32 469.84 >0.9992
(Q1-Q3) (1229.9-1543.35) (1214.22-158.9) (206.53-1231.33) <0.0001*3

<0.0001*4
IL-17 (pg/mL) min max 44.37-2000 85.67-1743.64 38.47-2000 0.1671
Median 339.38 174.17 216.6
(Q1-Q3) (159.89-1174.93) (138.77-458.17) (141.87-410.25)

*Statistically significant. # NA=not applicable, 1Comparison among three groups, 2Comparison between Group 1 and Group 2, 3Comparison between Group 1 and Group 3, 4Comparison between Group 2 and
Group 3. HbA1c: Glycated haemoglobin. SD: Standard Deviation.

Table-2: Multinomial regression analysis.

Group B Std Err Wald df p-value Odd ratio 95% CI
Lower Bound Upper Bound

Diabetic without retinopathy Intercept -13.82 4.009 11.894 1 0.001
Age 0.205 0.045 20.648 1 0.000 1.227 1.124 1.341

CD4CD25 0.000 0.065 .000 1 0.997 1.000 0.881 1.134
Treg 1.166 0.820 2.022 1 0.155 3.210 0.643 16.016
IL6 0.001 0.001 1.426 1 0.232 1.001 0.999 1.002
IL17 -0.001 0.001 3.541 1 0.0060 0.999 0.997 1.000

Female 2.949 0.810 13.243 1 0.000 19.089 3.899 93.449
Male 0b - - 0 - - - -

Diabetic with retinopathy Intercept -8.782 3.365 6.812 1 0.009
Age 0.207 0.040 26.645 1 0.000 1.231 1.137 1.331

CD4CD25 0.090 0.058 2.406 1 0.121 1.094 0.977 1.225
Treg 0.419 0.745 .317 1 0.573 1.521 0.353 6.548
IL6 -0.001 0.001 4.608 1 0.032 0.999 0.997 1.000
IL17 0.001 0.001 1.839 1 0.175 0.999 0.998 1.000

Female 1.929 0.659 8.577 1 0.003 6.883 1.893 25.028
Male 0b - - O - - - -

a. The reference category is: control; b. This parameter is set to zero because it is redundant.
CI: Confidence Interval.



difference was found in terms of age and female gender
(p<=0.001 each) between Group 1 and Group 2. Age, IL-6
and female gender was significantly different between
Group 1 and Group 3 (p=0.000, p=0.032 and p=0.03
respectively) (Table-2).

Discussion
The study found a significant difference, on comparison of
gender, among the three groups, between Group 1 and
Group 2, and between Group 1 and Group 3, but no
significant difference between Group 2 and Group 3. This
could be so because both groups had more females
compared to males. The study is in agreement with earlier
ones,5,13 but not with the one that documented higher
prevalence of diabetes in males compared to females.3

In the current study, higher mean age was in Group 2 and
Group 3 compared to Group 1. On comparison there was
significant difference among the groups but no significant
difference in terms of age was detected between Group 2
and Group 3. This could be because both groups had
diabetic patients andDRmight be due to other factors, like
environmental.2 The current study is in agreement with
several studies,1,2,5,13 while it differs from one study.14

On comparison of HbA1c between Group 2 and Group 3,
there was no significant difference in our study, which is in
line with some studies,5,13 but another study14 has
reported differently. For the current study, diabetic
patients were recruited from public hospital/non-
governmental organisations (NGOs), and they were from
low socio-economic background and their education
level was not high which could be the reason for poor
diabetes control as suggested earlier.15

Regarding duration of diabetes, our study had significant
difference in two groups and it is in agreement with some
studies13,14 but others have differed.5,6

On comparison of CD4+CD25+ T cells, no significant
difference was observed. There are studies16 in agreement
but such studies should not be comparedwith the current
work because none of them involved T2DM patients. One
study17 has reported different results in this context. The
current study shows that these cells are probably not
involved in DR.

Higher percentage of Tregs was in Group 2 compared to
Group 3, but there was no significant difference. One
study17 is in agreement with the current work, while
others12,16 are not. However, none of these studies involved
T2DMpatients. There are very few studies onTregs in T1D18
and T2DM19 patients and a possible explanation could be
that Treg cells are not associated with DR in T2DM.

In the current study, on comparison of IL-6, there was
significant difference among the three groups, between
Group 1 and Group 3, and between Group 2 and Group 3,
while there was no significant difference between Group
1 and Group 2. Many researchers suggested involvement
of IL-6 in eye diseases e.g. uveitis,9 T1D retinopathy and
proliferative DR.20 However, none of these studies were in
T2DM. In the current work, low IL-6 in DR could be due to
their treatment i.e. laser/local eye drops and medicines
which may reduce inflammation because a study10
documented suppression of IL-6 reduced inflammation.

In the current study, increase of IL-6 in healthy controls
and diabetics without retinopathy could be the normal
level of IL-6. Further, individuals with high level of
inflammatory markers may get diabetes in later life.7
Although, infection in the preceding two weeks was part
of the exclusion criteria, but sub-acute infection could
cause low level of IL-6 in DR. Additionally, poorly-
controlled diabetics have raised IL-6 and normalisation of
plasma glucose causes its decrease.21

Increase of IL-6 in controls could be a protective aspect of
IL-6 which was confirmed in non-obese diabetic (NOD)
mice who over-express IL-6 and have decreased level of
fasting glucosewith delayed onset of diabetes.18 Protective
aspect of IL-6 polymorphism has been highlighted in
Retinopathy and nephropathy of T1D.20 Elevated level of
serum IL-6 and its association with raised insulin levels at
fasting and after meals have been suggested.21,22

In the current study, on comparison of IL-17 there was no
significant difference. In literature there are studies that
have highlighted protective aspect of IL-17: it recruits
protective INF-g CD4+ T cells into lung, is produced in
lung as host response to Klebsiella pneumonia and
mycobacterium tuberculosis, neutralisation of IL-17
enhanced eosinophil in asthma, while recombinant IL-17
decreases airway hyperactivity,23 and IL-17 producing
cells in oesophageal squamous cell carcinoma have
prognostic value.24 However, none of these studies was
performed in diabetic patients. IL-17 is initiator of T cell
dependent inflammation and causes lupus nephritis and
autoantibodies production.25

Some studies8,14 are not in agreement and have
documented increase of IL-17 in T2DM, T1D, Behcet
disease and antineutrophil cytoplasmic antibody (ANCA)
associated vasculitis.

In the current study, age of the participants was not
matched and there was a gender bias as majority of the
participants of Groups 2 and 3 were females compared to
the control group. Patients having diabetes between 5-25
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years durationwere included in the study, but the duration
of diabetes was unequal in the two diabetic groups.

Conclusion
Age, gender, and Treg cells contributed, while
CD4+CD25+ T cells, IL-6 and IL-17 did not contribute
towards T2DM retinopathy. Differences in CD4+CD25+ T
cells, Treg cells, IL-6 and IL-17 could be due to disease
manifestations. Functional assays of CD4+CD25+ T cells
andmore reliable markers of Treg cells i.e. Foxp3 or CD127
should be performed in T2DM DR. Determination of IL-17
in intra vitreous fluid should also be carried out.
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