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Abstract 

    Type 2 diabetes mellitus and diabetic nephrophathy considered to be an inflammatory process in 

which immune cells involved in its development and progression apart from traditional metabolic and 

hemodynamic risk factors. 

This study was designed to determine the balance between T helper 17 and regulatory T cells in Type 

2 diabetic patients having diabetic nephropathy in relation to type 2 diabetic patients without renal in-

volvement and healthy individuals. 

    This study included 3 groups; diabetic2 nephrophathy patients (on basis of proteinuria and reduced 

GFR), diabetic patients (ADA, 2015) and healthy controls of the same age and sex Detection of T regs 

and Th 17 cell were evaluated; T regs expressing CD4 & CD 25 while Th 17 cells expressing CD4 and 

CD161 was done by standard 2-color flow cytometry and Th17/Treg cells ratio was calculated. 

   The results revealed that there was higher mean Th17 and Th17/Treg cells ratio among type 2 dia-

betic nephropathy patients compared to other two groups. There was lower mean Treg cells among 

type 2 diabetic nephropathy patients compared to other two  groups with very high statistically signifi-

cant differences. Also, there was higher mean Th17 and Th17/Treg cells ratio among type 2 diabetic 

patients compared to healthy individuals with very statistically significant differences that there was a 

strong positive correlation between BUN, serum creatinine, proteinuria and the grade of nephrropathic 

affection by the ultrasound from one side and Th17 and Th17/T reg cells ratio on the other side. But 

this correlation was strongly negative with T reg cells. 
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Introduction 

   Diabetic nephropathy (DN) is defined as 

the appearance of persistent clinical albumi-

nuria (Albumin Excretion Rate (AER) >300 

mg/24 hours) in an individual with diabetes 

for more than 5 years and concomitant reti-

nopathy, in the absence of urinary tract in-

fection (UTI), other renal diseases and heart 

failure. This process is often associated with 

increasing blood pressure (Stephen and 

Gian, 2006). It occurs in ~30% of people 

with type 1 diabetes and 25-40% of people 

with type II diabetes (Phillip et al, 2006). 

Because of the elastic properties of the glo-

meruli, changes in glomerular capillary 

pressure are paralleled by changes in overall 

glomerular volume (Bernadette et al, 2007). 

Type 2 diabetes is not an immune disease 

but at this time we could consider that there 

is evidence that the combine of immunolog-

ic and inflammatory mechanisms play a piv-

otal role in its presentation, development 

and finally its progression (Duran-Salgado 

and Rubio-Guerr, 2014). An appropriate 

balance between pro-inflammatory (Th17 & 

Th1) and anti-inflammatory (Tregs & Th2) 

subsets of T cells is critical to maintain ho-

meostasis and avoid inflammatory disease 

(Bogdan et al, 2011). However, T cell in 

type 2 DM patients has been revealed to be 

skewed toward a pro-inflammatory pheno-

type requiring monocytes for maintenance 

and promoting chronic inflammation via el-

evated cytokine (Wu et al., 2011), especially 

IL-17 (Yousef-idaredor et al, 2014). T reg 

cells may participate in dampening the 

inflammation in the diabetic kidney (Lim 

and Tesch, 2012). They play a principal role 
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in immune reactions including autoimmuni-

ty, transplantation tolerance, anti-infectious 

immunity and cancer. The cells represent 

about <5% of the peripheral CD4+ T cell 

population and play a crucial role in mainte-

nance of immune homeostasis against self- 

antigens (Lastovicka, 2013). 

   Numerical or functional deficit of T regs is 

linked to many autoimmune diseases such as 

rheumatoid arthritis, multiple sclerosis or 

type 1 diabetes. T reg features result from 

their potent capacity to reduce the activation 

and expansion of conventional T cells by su-

ppressing biological activities like prolifera-

tion and blocking production of pro-inflam-

matory cytokines TNF alpha & IFN gamma 

among others (Schmetterer et al., 2012). 

   This work aimed to study determine the 

balance between T helper 17 and regulatory 

T cells in type 2 DM patients with and with-

out nephropathy, in relation to healthy con-

trols, knowing the balance may encourage 

new therapeutic strategies in the treatment of 

type 2 DN. 

Patients, Materials and methods 

   Sixty subjects selected from Nephrology 

department of Theodor Bilharz  Research In-

stitute (TBRI) and categorized into 3 groups 

as follow: GA (Diabetic nephropathy gro-

up): 30 type 2 diabetic patients with neph-

ropathy as evidenced by presence of micro-

albuminuria (30-300 mg/d) or macroalbumi-

nuria (more than 300mg/d) and/or decreased 

GFR (K/DOQI, 2012). GB (Diabetic group): 

30 type 2 diabetic patients without nephrop-

athy as evidenced by absence of microalbu-

minuria or decreased GFR. GC: 20 healthy 

controls volunteered from medical and par-

amedical staff of the same age and sex. All 

patients in GA & GB were diagnosed dia-

betics patients (ADA, 2015). 

   Ethics Committee Approval: Ethics com-

mittee approval was received for this study 

from the ethics committee of TBRI. All in-

dividuals gave written informed consent ac-

cording to ethical guidelines of the 1975 

Declaration of Helsinki.  

   All patients and controls were subjected to 

detailed history, complete clinical examina-

tion, complete laboratory investigation incl-

uding: blood sugar estimation including fast-

ing blood sugar (FBS), 2h postprandial 

(2hPP) blood glucose level and glycated 

hemoglobin (standard kits), serum creati-

nine, blood urea and liver function tests 

(Kone lab autoanalyser system (Johuson et 

al, 2001), complete urine analysis, 24 hr for 

protein estimation using quantitative photo-

metric test, creatinine clearance estimation 

using pyrogallo/red (Yohnson et al, 2001), 

complete blood picture using automated 

hematology analyser Cetlac-MEK 8118 (Ni-

hon Kohdeu), -abdominal and pelvic ultra-

sonography, echocardiography, 

   Detection of Treg cells and Th 17 cells by 

Flow cytometry: 2 ml of venous  peripheral 

blood samples were collected on EDTA tube 

(1.2mg/mL) for analysis of flow cytometry. 

Evaluation of T regs & Th 17 cell; T regs 

expressing CD4 and CD 25 while Th 17 

cells expressing CD4 and CD161 was done 

by standard 2-color flow cytometry was per-

formed based on Ryba and Myśliwska, 2010 

for Tregs and on Chalan et al., 2013 for Th 

17 cells. Using the following monoclonal 

antibodies: Phycoerythrin (PE)-labeled anti-

CD161, Phycoerythrin-Cyanine 5 (PC5)-lab-

eled anti-CD4, Fluorescein isothiocyanate 

(FITC)-labeled anti-CD25 and isotypic con-

trol antibodies (Immunotech, Beckman Cou-

lter Co., France).  

   Samples were analyzes using flow cyto-

meter (Beckman Coulter Inc., Fullerton, Ca-

liforinia, USA).Calculation of the ratio  

   Statistical analysis was done on a comput-

er using IBM SPSS Statistics version 24 

(IBM Corp., Armonk, NY, USA) and Med-

Calc version 13 (MedCalc
©

 Software bv ba, 

Ostend, Belgium).  

   Numerical variables were presented as 

mean and standard deviation and differences 

among the three study groups were com-

pared using one-way analysis of variance 

(ANOVA) with application of the Dunken 

test for post hoc pair wise comparison when-

ever the ANOVA revealed a statistically 
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significant difference among the groups.  

Relation between binary variables and nu-

merical variables was examined using the 

Man Whitney test. 

Results 
  This study was carried out on 60 type 2  

diabetic patients (30 with nephropathy & 30 

without) and 20 totally healthy individuals 

as a control. Those patients were carefully 

selected from the Nephrology Department, 

Theodor Bilharz Research Institute. 

 

Table 1: Demographic data of three studied groups. 

Variable Control (n) % T2DM (n=30) % T2DM-N (n=30) % p-value 

Female (7) 35.0 (19) 63.3 (15) 50.0  

   0.143 Male (13) 65.0 (11) 36.7 (15) 50.0 

Age (yr) Mean ±SD 55.6±2.2 55.6±3.1 58.9±3.3***,a <0.001 
 *** p<0.001 significant more than control, a p<0.001 significant, more than T2DM= Type 2 diabetes T2DM-N = Type 2 with nephropathy 
 

         Table 2: Comparison of two diabetic groups associated with hypertension and ischemic heart (Chi square test) 

 
 

 
 
 

Table 3: Comparison of two diabetic groups according to duration of diabetes and duration of hypertension. 
 

 

 

 

 
 

***significant more than T2DM 
 

Table 4: Th 17, T reg and Th 17/T reg ratio in studied groups. 
 

   
  

           

      

 

 

 

 

 

***p<0.001 significant more than control;ap<0.001 significant more than T2DM; bp<0.001 significant 

less than control;#p<0.001 significant less than T2DM regulatory T cells= (Tregs), T helper 17= (TH17)           
   Three groups were comparable as regards 

sexes showed a higher mean age among type 

2 DN compared to others (p<0.001). A 

higher incidence of HTN and higher dura-

tion of HTN and incidence of ischemic heart 

disease among type2 DN patients compared 

to type 2 diabetic patients without nephropa-

thy (p<0.001). DN patients have higher al-

buminuria than those without nephropathy 

(p<0.001). There were higher mean Th17 & 

Th17/reg ratio and lower mean T reg among 

type 2 DN patients compared to other 

groups (p<0.001) and among type 2 diabetic 

patients compared to controls (p<0.001). 

Type 2 diabetics and controls were compa-

rable as regards mean T regs (Figs. 4, 5 & 

6). There was strong +ve correlation bet-

ween BUN, serum creatinine and proteinuria 

and Th17, Th17/T reg level in diabetics. 

There was strong negative correlation with T 

regs. The reverse occurred with creatinine 

clearance, there was strong negative correla-

tion with Th17 and Th17/Treg and strong 

positive correlation with T regs. 

       There was significant strong positive corre-

lation between the grades of nephropathy by 

ultrasound and Th17 and Th17/Treg cells 

ratio-level in the three groups (Fig. 13 & 

15). Also, there was statistically significant 

strong negative correlation between the gra-

des of nephropathy by ultrasound and Treg 

cells level (Fig. 14). 
 

Table 5: Receiver-operating characteristic (ROC) curve analysis for value of Th17; Treg & Th17/Treg ratio in classification 

of diabetic patients to those with or without nephropathy. 

Model AUC Sensitivity Specificity PPV NPV CI 95% 

Th17 1.00 100 100 100 100 88.4-100 

Treg 1.00 100 100 100 100 88.4-100 

Th17/Treg ratio 1.00 100 100 100 100 88.4-100 

Variable T2DM  (n) % T2DM-N (n) % p-value 

Hypertension (14) 46.7  (24) 80.0 <0.01 

Ischemic heart disease  (2) 6.7  (12) 40.0 <0.001 

                       Group 

Variables 

T2DM 

M±SD 

T2DM-N 

M±SD 

p-value 

Duration of DM (yr) 3.4±1.6 10.2±3.6*** <0.001 

Duration of hypertension (yr) 4.1±3.1 8.4±4.7*** <0.001 

                      Groups            

Variable 

Control  

M±SD 

T2DM   

M±SD 

T2DM-N 

M±SD 

p-value 

Th17 (%) 3.07±0.28 5.90±0.39*** 7.29±0.55***,a <0.001 

Treg (%) 0.34±0.05 0.34±0.05 0.17±0.03b,# <0.001 

Th17/Treg ratio 9.33±1.84 18.15±3.52*** 44.10±7.01***,a <0.001 



 

  608 

 

Explanation of figures 

Fig. 1: Mean Th17 in the three study groups. 
Fig. 2: Mean Treg in the three study groups.  Error bars represent 95% CI.Error bars represent 95% CI. 

Fig. 3: Mean Th17/Treg ratio in three study groups. Error bars represent 95% CI. 

Fig. 4: Positive correlation between Th17& creatinine (r=0.720,p<0.001). 
Fig. 5:  Negative correlation between Th17creatinine clearance in diabetics (r = - 0.796 p<0.001)  

Fig. 6: Positive correlation between Treg & serum creatinine  (r = - 0.765, p<0.001). 

Fig. 7: Negative correlation between Th17 & proteinuria  (r = 0.678, p<0.001).                                             
Fig. 8: Positive correlation between Treg & proteinuria in diabetics (r = -0.740, p<0.001). 

Fig. 9: Negative correlation between Treg &creatinine clearance (r = 0.858, p<0.001)                          

Fig. 10: Positive correlation between Th17/Treg ratio & serum creatinine 0.755,p<0.001).                                                                 
Fig. 11: Negative correlation between Th17/Tre ratio &creatinine  clearance (r = -(r = 0.879, p<0.001). 

Fig, 12: Positive correlation between Th17/Treg ratio& proteinuria in diabetics (r = 0.739, p<0.001). 

Fig. 13: Positive correlation between Th17   of nephropathy by US in the whole study population.                                                                
Fig. 14: Negative correlation between Treg &grade &grade of nephropathy by US in the whole         study population. 

Fig. 15: Negative correlation between the Th17/Treg ratio grade of nephropathy  by US in the whole study population. 
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Fig. 16 (a-b-c): Receiver-operating characteristic curve for value of Th17; Treg & Th17/Treg ratio in classification of diabetic patients into those with or without 

nephropathy. 
 

Discussion 
   T2DM is the chronic progressive metabol-

ic disease defined by hyperglycemia (El-

Tawdy et al, 2016). These metabolic dys-

functions are pathologically associated with 

specific micro-vascular diseases and various 

characteristic long-term complications, in-

cluding diabetic neuropathy, nephropathy 

and retinopathy (Wu et al, 2011). Duran-

Salgado and Rubio-Guerr (2014) reported 

that Diabetic nephropathy (DN) is the lead-

ing cause of end-stage renal failure world-

wide. Besides, diabetic nephropathy is asso-

ciated with cardiovascular disease, and in-

creases mortality of diabetic patients. Sever-

al factors are involved in the pathophysiolo-

gy of DN, including metabolic and hemody-

namic alterations, oxidative stress, and acti-

vation of the renin-angiotensin system. 

   Th 17 cells produce Il 17 which is a poten-

tial inflammatory cytokine which contrib-

utes to several autoimmune and inflammato-

ry diseases including T2DM. Recent studies 

sho-wed that Il 17 proved to be a potent in-

ducer of T2DM (Yousef-idaredor et al, 

2014), while T reg cells might participate in 

dampening the inflammation in the diabetic 

kidney; given the worsening of renal injury 

(Lim and Tesch, 2012). 

   An appropriate balance between pro-infla-

mmatory (Th17 & Th1) and anti-inflamma-

tory (Tregs and Th2) subsets of T cells is 

critical to maintain homeostasis and avoid 

inflammatory disease (Bogdan et al, 2011). 
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   This study determined the balance bet- 

ween T helper 17 and regulatory T cells in 

type 2 diabetic patients with diabetic neph-

ronpathy in comparison to type 2 diabetic 

patients without renal involvement and heal-

thy individuals. To the best of the authors’ 

knowledge, this is the first study performed 

to determine T helper 17 and regulatory T 

cells in type 2 diabetic patients in Egypt and 

also among few studies all over the world. 

     The statistically significant higher inci-

dence of HTN and mean duration of HTN 

among type 2 DN patients (80%) compared 

to type 2 DM patients (46.7%) (p< 0.001), 

which agreed with Elwakf et al. (2011) who 

found that 71% vs. 32% was with p<0.05. 

   Statistical significant showed higher inci-

dence of ischemic heart disease among type 

2 DN (40%) compared to type 2 diabetic 

patients (6.7%). Elwakf et al. (2011) showed 

the same results without statistically signifi-

cant difference. Naturally, albuminuria was 

present in DN patients agreed with Viswana-

than et al. (2012). 

   In the present study, there was a focus on 

some conditions which are usually prevalent  

in type 2 diabetic patients either with or 

without nephropathy such as hypertension 

and ischemic heart disease as well as rela-

tion between duration of diabetes and neph- 

ropathy. 

   The study showed higher mean Th17 & 

Th17/Treg ratio together with lower mean T 

reg (p<0.001) among type 2 DN group com-

pared to other groups. Also, higher mean 

Th17 and Th17/Treg cells among type 2 DM 

patients compared to controls (P<0.001). 

But, type 2 diabetes and controls were com-

parable as regards T regs without significant 

difference. Bogdan et al. (2011) found the 

same results T regs were decreased in dia-

betic patients in relation to controls, which 

disagreed with the present study. Zhang et 

al. (2014) detected surface markers of dif-

ferent subsets of T cells using ration was 

markedly decreased resulting in elevated 

Th17/Treg ratio with statistical significance 

 (p<0.001). 

   Statistical significant showed strong +ve 

correlation between proteinuria, BUN and 

serum creatinine and Th17 and Th17 reg in 

diabetics and strong –ve correlation with T 

reg cells. This agreed with those of Zhang et 

al. (2014) who reported that the creatinine 

clearance gave a reverse correlation to pro-

teinuria, BUN and serum creatinine. 

   This may be the first study to consider the 

relation between grade of nephropathy aff- 

ection by ultrasound and Th17 and Th17reg 

cells. It showed a strong positive correlation 

between the 2 arms and strong negative cor-

relation with T regs. 

    In the present study, the ROC curve anal-

ysis revealed a cutoff value of the Th17, T 

reg and Th 17 at 6.43%, 0.21% and 23.4% 

respectively, could differentiate between the 

nephropathic diabetic patients with the sen-

sitivity and the specificity of 100% each (ar-

ea under the curve, 1; 95% confidence inter-

val 0.94-1.00). In other words, measuring of 

the Th17 & T reg cells in the type 2 diabetic 

patients was the screening test to detect re-

nal involvement in those patients. Th17 and 

T regs increase with incidences of deteriora-

tion of DN clinically (association with IHD 

and HTN) and biochemically (tests of renal 

function) and T regs the reverse effect and 

this can be detected even before occurrence 

of proteinuria or reduced GFR. 

    A better understanding of the mechanisms 

regulating the several and contradictory ef-

fects of inflammation on pancreatic islets 

and the kidney would help in development 

of effective therapies for their protection in 

type 2 diabetes. 
 

Conclusion 

    Measuring Th17 and T reg cells levels in type 

2 diabetic patients can be used as an excellent 

screening test to detect renal involvement in 

those patients; so increased Th17 cells or sup-

pressed T reg cells level in patients with type2 

diabetic patients indicates renal involvement 

even before occurrence of proteinuria or reduced 

GFR with a sensitivity and specificity of 100%. 
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