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Correlation of increased Th17/Treg cell ratio
with endoplasmic reticulum stress in chronic
kidney disease
Xiaojing Zhu, MDa,b, Shuiqin Li, MDc, Qiaona Zhang, MDa, Dan Zhu, MDa, Yang Xu, MDa,
Pengqian Zhang, MDa, Jin Han, MDa, Zhaoyang Duan, MDa, Jie Gao, MDa, Yan Ou, MDa,∗

Abstract
To investigate the relationship between the regulatory immune network and endoplasmic reticulum stress (ERS) in patients with
different stages of chronic kidney disease (CKD).
A total of 91 patients diagnosed with CKD were divided into different groups according to the stage of disease and treatment with

hemodialysis (HD) or peritoneal dialysis (PD). Routine blood and biochemical tests were performed in patients in the different CKD
groups and in healthy controls (n=20). The frequencies of T helper type 17 (Th17) and regulatory T (Treg) cells in the overall T cell
population weremeasured by flow cytometric analysis. Levels of Th17 cell (IL-17) and Treg cell (IL-10) cytokines and the ERSmarkers
CCAAT-enhancer-binding protein homologous protein (CHOP) and glucose-regulated protein 78 (GRP78) were measured by
enzyme-linked immunosorbent assay in serum samples collected from controls and patients. Correlations between each parameter
and serum creatinine were analyzed by Spearman rank correlation and regression test.
CKD stage showed a positive correlation with serum creatinine level, and increased and decreased percentages of Th17 and Treg

cells, respectively, reflected in an increased Th17/Treg cell ratio. Consistent with this, CKD stage was positively correlated with serum
concentrations of IL-17 and negatively correlated with serum IL-10 levels. Moreover, serum levels of CHOP and GRP78 increased
with advancing CKD stage. These correlations were most pronounced in patients in the CKD5 group, who also had the poorest
response to HD and PD treatment, compared with CKD5 patients in the nondialysis group. Correlation analysis showed that serum
levels of CHOP and GRP78 were independently and positively correlated with the ratio of Th17/Treg cells.
We have found that an increased Th17/Treg cell ratio and increased serum levels of ERSmarkers correlate with the progression of

CKD. Our results indicate that the interplay between regulation of the immune network andmanagement of ERS is closely associated
with the pathogenesis of CKD. Although HD and PD treatment manage chronic kidney conditions and prevent further deterioration of
renal function, they have limited effects on improving the immune disorder and relieving ERS. Our study suggests a potential new
direction for development of therapeutic strategies in CKD.

Abbreviations: CHOP = CCAAT-enhancer-binding protein homologous protein, CKD = chronic kidney disease, ELISA =
enzyme-linked immunosorbent assay, ERS = endoplasmic reticulum stress, GFR = glomerular filtration rate, GRP78 = glucose-
regulated protein 78, HD = hemodialysis, MDRD = modification of diet in renal disease, PBMCs = peripheral blood mononuclear
cells, PD = peritoneal dialysis, UPR = unfolded-protein response.
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1. Introduction health problem. The incidence and mortality of CKD have
increased over the past few decades,[1] with 1 prediction of the
Chronic kidney disease (CKD) is characterized by progressive
loss of kidney function, and has developed into a major global
Editor: Zhao Sun.

This work was supported by the Science and Technology Research Fund of
Shaanxi Province (No. 2016SF-329) and the National Natural Science Foundation
of China (No. 81200554).

The authors have no conflicts of interest to disclose.
a Department of Nephrology, The Second Affiliated Hospital of Xi’an Jiaotong
University, b Department of Nephrology, Xi’an No. 4 Hospital, c Department of
Rehabilitation, The First Affiliated Hospital of Xi’an Medical College, Xi’an,
Shaanxi, China.
∗
Correspondence: Yan Ou, Department of Nephrology, The Second Affiliated

Hospital of Xi’an Jiaotong University, Xi’an, Shaanxi 710004, China
(e-mail: oy1114@163.com).

Copyright © 2018 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the Creative Commons
Attribution-NoDerivatives License 4.0, which allows for redistribution, commercial
and non-commercial, as long as it is passed along unchanged and in whole, with
credit to the author.

Medicine (2018) 97:20(e10748)

Received: 16 November 2017 / Accepted: 22 April 2018

http://dx.doi.org/10.1097/MD.0000000000010748

1

prevalence of individuals in the United States with end-stage CKD
at over 700,000 by 2015.[2] Moreover, a 2012 Chinese survey
found that the overall prevalence of CKD in adults was
approximately 10.8%, placing a huge burden on healthcare
resources.[3] The absence of an effective treatment to retard or
reverse the progression of CKD highlights the need for a better
understanding of the mechanistic basis of its development and
progression, and of designing novel therapeutic strategies in CKD.
Immune imbalance has been proposed as a critical contributing

factor in pathogenesis of CKD, with early studies implicating T
helper type 1 (Th1) and type 2 (Th2) cells.[4,5] The subsequent
discovery of novel T helper subpopulations such as Th17 and
regulatory T (Treg) cells, heralded the concept of T cell-mediated
immunity.[6] The ratio of Th17 and Treg cells is important for
maintaining the immune balance, and a solid body of evidence
has demonstrated the role of imbalances in this ratio in tissue
inflammation, autoimmunity, and a wide variety of diseases,[7–10]

including uremic and end-stage CKD.[11,12]

Endoplasmic reticulum (ER) is a vital organelle in eukaryotes
that is responsible for the production and proper folding of
proteins. Consonant with this, ER stress (ERS) and the
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subsequent unfolded-protein response (UPR) have been shown to
be among the earliest events occurring in the initiation of many
diseases.[13] The recent discovery of crosstalk between ERS
pathways and immune signaling suggests the possibility of their
cooperation in modulating the immune responses.[14] For
example, defective MHC class I molecule expression has been
associated with induction of UPR,[15] and protein kinase C-
mediated T cell activation has been linked to induction of ERS.[16]

Moreover, macrophages have been shown to respond to ERS and
UPR via synergistic production of interferon beta.[17] Collectively
these studies suggest that the ERS response may be a mechanism
of immune alteration. Here, we set out to investigate the
association between Th17/Treg imbalance and ERS in different
stages of CKD, with the ultimate goal of improving our
understanding CKD pathophysiology and the prospects of novel
therapies in this disease.
2. Materials and methods

2.1. Patients

All study subjects were recruited from the Dialysis Management
and Blood Purification Center in the Second AffiliatedHospital of
Xi’an Jiaotong University. The primary disease for all patients
was chronic glomerulonephritis, and the inclusion criteria were
as follows: stable blood pressure, absence of complicated
infection and heart failure within the last 3 months, no blood
transfusion or adjuvant therapies received within the past month,
no hepatitis or connective tissue diseases, not pregnant or breast
feeding, absence of severe cardiovascular, cerebrovascular or
hematopoietic complications and other primary diseases, and no
severe mental disorders. The patients were not taking any
immunosuppressive agents or other drugs which might affect the
results of measurement in the study.
A total of 91 patients were enrolled and divided into 3 groups

(CKD3, CKD4, and CKD5) according to the CKD stages
calculated frommeasured glomerular filtration rate (GFR). Using
the abbreviated modification of diet in renal disease (MDRD)
equation to calculate the estimated GFR:GFR (mL/min per 1.73
m2) = 186 � (creatinine/88.4)�1.154 � (age)�0.203 � (0.742 if
female). CKD3 (30 < GFR < 59), CKD 4 (15 < GFR < 29), and
CKD5 (GFR< 15). Patients in CKD5 group were further divided
into 3 subgroups based on the dialysis treatment: nondialysis
uremic group (n=14), hemodialysis group (HD, n=18), and
peritoneal dialysis group (PD, n=18). The patients in the HD
group had undergone regular HD treatment (4-h treatment given
3 times a week) for more than 3 months using a sugar-free low-
calcium dialysis solution with low-molecular weight heparin as
anticoagulant. The dialysis membrane was polysulfone with an
area of 1.2 to 1.5 m2, and the blood flow was set to 200 to 250
mL/min, dialysate flow 500mL/min. The patients in the PD group
had undergone regular PD treatment for more than 3 months
using low-calcium PD solution. The catheters placed in patients
were adopted from the standard Tenckhoff PD catheter, and the
daily volume of replacement fluid was 8000mL.
Twenty healthy volunteers (12 males and 8 females) were

recruited to the control group. They had no medical history of
hypertension, diabetes, hepatitis, tuberculosis and related
immune disorders, and no preceding infection.
This study was approved by the Ethics Committee in the

Second Affiliated Hospital of Xi’an Jiaotong University. Written
informed consent was obtained from all patients and healthy
volunteers participating in the study.
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2.2. Sample preparation

Fasting hemospasia was performed in all participants. Blood
samples from the patients in the HD groupwere collected prior to
HD on the day of treatment. Routine blood test that included a
complete blood count and routine clinical chemistry tests were
performed. Peripheral blood (3mL) was loaded into heparin
anticoagulant containing tubes (Sigma, Santa Clara, CA) and
peripheral blood mononuclear cells (PBMCs) were purified by
density gradient centrifugation. Another 3mL of peripheral
bloodwas centrifuged at 3000rpm for 5min, and the supernatant
(serum) was collected and stored at �80°C until further use.
PBMCs were cultured at a density of 2� 106cells/mL in RPMI

1640 complete medium supplemented with 10% (v/v) heat
inactivated fetal bovine serum and 1% (v/v) penicillin/strepto-
mycin (Gibco-BRL, Gaithersburg, MD). Cells were treated with
2mL/mL leukocyte activation cocktail with monensin and
GolgiPlug (Brefeldin A) (BD Biosciences, Franklin Lakes, NJ)
and incubated for 4h in a 5% CO2 incubator at 37°C. Cells were
collected by centrifugation at 250g for 5min and resuspended in
Stain Buffer (BD Biosciences) at a density of 1 � 107/mL for flow
cytometric analysis of Th17 and Treg cell numbers.
2.3. Flow cytometry

Approximately 1 � 106 cells were fixed in 2mL 1� Human
FoxP3 Buffer A (BD Biosciences) for 10 to 20min at room
temperature (RT) and protected from light. Fixed cells were
washed with 2mL Stain Buffer followed by centrifugation at
500g for 5min. Cells were permeabilized in 0.5mL 1� Human
FoxP3 Buffer C (BD Biosciences) for 30min at RT and protected
from light. Cells were washed with Stain Buffer and resuspended
to 1 � 107cells/mL in 100mL aliquots. Antihuman antibodies
(PerCP-Cy5.5-CD4, phycoerythrin (PE)-IL-17A, and Alexa
Fluor647-FoxP3) or isotype controls (PerCP-Cy5.5-, PE-, and
PEAlexa Fluor 647-conjugated mouse IgG1 k isotype controls)
were added to the cells (20mL/test) and incubated for 40min at
RT protected from light. After staining, cells were washed twice
with Stain Buffer and analyzed immediately using BD FACSCa-
libur flow cytometer (BD Biosciences). Approximately 20,000 to
30,000 cells were acquired and results were analyzed by FlowJo
Data Analysis software (FlowJo LLC, Ashland, OR).

2.4. Enzyme-linked immunosorbent assay

All serum samples were stored at �80°C and processed all at
once. Serum levels of IL-10, IL-17, glucose-regulated protein 78
(GRP78), and CCAAT-enhancer-binding protein homologous
protein (CHOP) were determined by enzyme-linked immunosor-
bent assay (ELISA) using specific detection reagents following the
manufacturer’s instruction (Westang, Shanghai, China). Each
assay was performed in triplicates and the experiments were
repeated once.
2.5. Statistical analysis

Data were analyzed using SPSS 16.0 Statistical Analysis software
(SPSS Inc, Chicago, IL).Measurement data are expressed as mean
± standard deviation. Comparison of means between groups was
made by 1-way analysis of variance, and comparison between 2
groups was made by Fisher least significant difference test.
Spearman rank-order correlation was used for bivariate correla-
tion analysis. A P value < .05 was considered statistically
significant, and P< .01 indicated a more significant difference.



Table 1

Clinical characteristics of all participants.

Item Control (n=20) CKD3 (n=22) CKD4 (n=19)
CKD5 (n=50)

ND (n=14) HD (n=18) PD (n=18)

Age, y 48.9±11.4 58.9±19.0 58.3±13.1 54.0±20.1 48.3±17.5 46.6±15.0
Gender (male/female) 12/8 12/10 10/9 8/6 9/9 10/8
WBC, 1012/L 6.17±1.67 7.06±3.21 5.57±1.57† 5.65±1.63 5.64±1.28 6.07±2.10
RBC, 1012/L 4.62±0.57 3.46±0.82

∗
2.81±0.65

∗,† 2.55±0.68
∗,† 3.30±0.72

∗,x 2.89±0.69
∗,†

PLT, 109/L 235±51.7 161±58.5
∗

167±61.4
∗

145±60.7
∗

157±46.3
∗

164±94.0
∗

Hb, g/L 135±15.5 104±26.0
∗

82.8±18.1
∗

77.5±12.7
∗,† 101±21.3

∗,‡,x 85.3±20.0
∗,†

FPG, mmol/L 5.10±0.74 5.10±0.98 4.75±0.52 4.86±2.09 4.28±0.76jj 5.47±2.56
Scr, mmol/L 69.6±11.6 267.2±112.3

∗
556.6±80.3

∗,† 983.4±372.7
∗,†,‡ 897.3±242.2

∗,†,‡ 851.6±218
∗,†,‡

BUN, mmol/L 4.30±0.93 14.5±7.01
∗

20.0±5.94
∗,† 25.8±9.50

∗,†,‡ 26.1±7.64
∗,†,‡ 20.7±8.12

∗,†

Cystre-C, mg/L 0.77±0.16 3.42±1.90
∗

5.31±1.86
∗,† 5.84±1.94

∗,† 8.22±4.10
∗,†,‡,x,jj 6.06±1.09

∗,†

UA, mmol/L 276.0±89.4 400.7±136.4
∗

370.7±108.1
∗

412.2±158.4
∗

400.2±83.8
∗

434.2±119.8
∗

PTH, pg/mL 38.0±14.8 129.3±131.7
∗

203.8±87.1
∗

274.7±129.2
∗,† 397.3±349.5

∗,†,‡ 319.5±136.9
∗,†,‡

ALT, IUI/L 25.8±10.8 18.3±15.3 17.9±12.8 20.7±9.6 12.8±6.1 13.4±7.1
AST, IUI/L 19.4±3.8 23.7±17.8 19.8±8.9 23.5±7.2 14.1±5.1 15.8±6.2
TP, g/L 71.6±3.26 64.4±9.68

∗
66.9±9.0 62.1±7.82

∗
65.3±4.64

∗
54.5±5.17

∗,†,‡,x,¶

ALB, g/L 45.3±2.73 38.4±6.43
∗

38.9±6.69
∗

37.7±5.93
∗

39.5±4.39
∗

29.9±4.76
∗,†,‡,x,¶

Ca, mmol/L 2.01±1.09 2.03±0.34 1.95±0.29 1.87±0.22 1.92±0.29 1.67±0.23
∗,†,‡,¶

K, mmol/L 4.32±0.44 4.55±0.79 4.55±0.96 5.07±0.65
∗

5.28±0.76
∗,†,‡ 3.90±1.16†,‡,x,¶

CRP, mg/L 6.8±0.66 12.6±0.78
∗

15.7±0.58
∗

18.2±0.46
∗,† 19.4±0.57

∗,† 15.7±0.61
∗

TC, mmol/L 4.45±0.97 4.50±1.13 4.40±1.34 3.94±0.48 3.72±0.67
∗,† 4.14±0.95

TG, mmol/L 1.85±1.39 1.99±1.24 1.34±0.94 1.28±0.31† 1.13±0.44† 1.12±0.59†

Values are expressed as mean ± standard deviation.
ALB= albumin, ALT=alanine aminotransferase, AST= aspartate aminotransferase, BUN=urea nitrogen, CKD= chronic kidney disease, CRP=C-reaction protein, ERS = endoplasmic reticulum stress, FPG=
fasting plasma glucose, Hb=hemoglobin, HD=hemodialysis, ND=nondialysis, PD=peritoneal dialysis, PLT=platelet, PTH=parathyroid hormone, RBC= erythrocyte, Scr= serum creatinine, TC= total
cholesterol, TG= triglyceride, TP= total protein, UA=uric acid, WBC= leukocyte.
∗
P < .05 vs. control.

† P < .05 vs. CKD3.
‡ P < .05 vs. CKD4.
x P < .05 vs. NHD.
¶ P < .05 vs. PD.
jj P < .05 vs. HD.
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3. Results

3.1. Clinical characteristics of CKD patients

A total of 91 patients with primary chronic glomerulonephritis
were classified according to the following CKD stages: stage
3 CKD (30 < GFR < 59, 12 males and 10 females, mean age:
58.9±19.0 years), stage 4CKD (15<GFR<29, 10males and 9
females, mean age: 58.3±13.1 years), and stage 5 CKD (GFR<
15). Stage 5 CKDwas further divided into NHD group (8 males
and 6 females, mean age: 54±20.1 years), HD group (9 males
and 9 females, mean age: 48.3±17.5 years), and PD group
(9 males and 9 females, mean age: 46.6±15.0 years). Healthy
volunteers (n=20) were recruited to the control group,
including 12 males and 8 females with a mean age of 48.9±
11.4 years.
Routine blood and clinical chemistry tests were performed

using the blood samples obtained from all participants. Complete
blood count was measured, and liver and renal functions were
assessed. Results were analyzed for each group and comparison
was made between groups (Table 1). Significant differences
between the healthy controls and CKD patients were observed in
parameters, such as serum creatinine, urea nitrogen, uric acid,
parathyroid hormone, albumin, and C-reaction protein, indicat-
ing the presence of chronic renal disorders and impaired kidney
function in CKD patients (Table 1). There were no significant
differences in age and sex distributions between the healthy
controls and patients in different CKD stages (Table 1).
3

3.2. Increasing Th17/Treg cell ratio is positively correlated
with CKD stage

The percentage of Th17 (CD4+IL-17A+) cells was significantly
increased in CKD patients compared with controls (P< .05), and
the percentage of Th17 cells increased with advancing CKD stage
(Table 2, Fig. 1A and B). By contrast, the percentage of Treg
(CD4+FoxP3+) cells was lower in CKD3 and CKD4 patients than
in healthy controls (P< .05), with the lowest percentage of Treg
cells observed in CKD5 patients without dialysis treatment
(P< .05; Table 2, Fig. 1A and C). The changes in the frequencies
of Th17 and Treg cells were reflected in an increase in the ratio of
Th17/Treg cells in CKD patients that was positively correlated
with disease stage (Fig. 1D).

3.3. Correlation of Th17/Treg cell ratio with serum
creatinine level in CKD patients

Serum creatinine is among the most accurate and reliable
indicators of kidney function. We next investigated the
correlation between the peripheral blood frequencies of Th17
and Treg cells and serum creatinine level. Serum creatinine levels
in both controls and CKD patients were found to be positively
correlated with the frequency of Th17 cells and the ratio of Th17/
Treg cells (r=0.546, P< .01 and r=0.659, P< .01, respectively),
and negatively correlated with the frequency of Treg cells (r=�
0.413, P< .01) (Fig. 2). Th17/Treg ratio was more robustly
correlated with serum creatinine level (r=0.659) than with the

http://www.md-journal.com


Table 2

Flow cytometric analysis of Th17 and Treg cells (x ± s).

Item Control (n=20) CKD3 (n=22) CKD4 (n=19)
CKD5 (n=50)

ND (n=14) HD (n=18) PD (n=18)

4+, % 50.1±5.36 44.9±4.22
∗

40.5±5.12
∗

33.8±3.83
∗,† 36.8±5.22

∗
38.3±4.44

∗

Th17, % 0.91±0.31 1.95±1.30
∗

2.50±1.13
∗

2.80±0.73
∗

2.88±1.39
∗,† 2.35±1.45

∗

Treg, % 4.51±1.62 3.53±1.54 3.59±1.58 2.06±1.26
∗,†,‡ 2.84±2.34

∗
2.83±1.53

∗

Th17/Treg, %/% 0.23±0.12 0.64±0.50 0.89±0.77
∗

1.44±0.83
∗,†,‡ 1.42±0.75

∗,†,‡ 1.10±0.78
∗,†

CKD= chronic kidney disease, HD=hemodialysis, ND=nondialysis, PD=peritoneal dialysis.
∗
P< .05 vs. control.

† P< .05 vs. CKD3.
‡ P< .05 vs. CKD4.
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frequency of Th17 (r=0.546) or Treg (r=�0.413) cells indicated
that Th17/Treg cell ratio is a potential indicator for the degree of
renal damage and progression of kidney disease.

3.4. Serum levels of Th17 and Treg cytokines are
correlated with creatinine level in CKD patients

The proinflammatory and regulatory functions of Th17 and Treg
cells are mediated by IL-17 and IL-10, respectively, serum levels
Figure 1. Percentage of Th17 and Treg cells in CKD patients and healthy controls.
PBMCs were stained with PerCP-Cy5.5-conjugated CD4 antibodies and PE-conju
percentages of Th17 cells (CD4+IL-17+) and Treg cells (CD4+FoxP3+). (B) The p
percentage of Treg cells averaged from all patients within the group. (D) The ratio
peripheral blood mononuclear cells.

4

of which were determined by ELISA in CKD patients and healthy
controls. The concentration of IL-17 was significantly higher in
the CKD patients and increased with the progression of CKD
(Fig. 3A). By contrast, the concentration of IL-10 was lower in all
CKD groups than in the control group (P< .05), but not between
different CKD groups (Fig. 3B) (Table 3). Moreover, serum
creatinine levels in serum CKD patients correlated positively with
serum IL-17 levels (r=0.666, P< .01), and negatively with serum
IL-10 levels (r=�0.346, P= .01; Fig. 3C and D). Dialysis
(A) Representative flow cytometric analysis from a single patient in each group.
gated IL-17A and Alexa Fluor 647-conjugated FoxP3 antibodies to measure the
ercentage of Th17 cells averaged from all patients within the group. (C) The
of Th17/Treg cells in each group. CKD = chronic kidney disease, PBMCs =



Figure 2. Correlations of the frequency of Th17, frequency of Treg cells, and ratio of Th17/Treg cells with serum creatinine level in controls and CKD patients.
Serum creatinine level wasmeasured in all study participates and its correlation with the frequency of Th17 cells (A) and Treg cells (B) and the ratio of Th17/Treg cells
(C) was analyzed by Spearman rank correlation and regression test. The P value and r value are indicated in the graphs. CKD = chronic kidney disease.
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treatment had no significant effect on the level of IL-17 and IL-10
in CKD5 patients.

3.5. Correlation of serum levels of the ERS markers CHOP
and GRP78 with creatinine level in CKD patients

Historical evidence has linked ERS to the pathophysiology of
kidney disease. We next evaluated the correlation of serum levels
of the ERS markers CHOP and GRP78 with creatinine levels in
CKD patients. Serum levels of CHOP (Fig. 4A) and GRP78
(Fig. 4C) were significantly higher in CKD patients than in
controls (P< .05) and positively correlated with CKD stage
(P< .05) (Table 4). By contrast, serum levels of neither CHOPnor
GRP78 were altered by dialysis treatment. In addition, serum
creatinine level in CKD patients were positively correlated with
Table 3

Serum concentrations of cytokines (IL-17 and IL-10) in CKD patients

Item Control (n=20) CKD3 (n=22) CKD4 (n=19)

IL-17 9.29±7.95 27.69±17.09
∗

36.23±18.93
∗

IL-10 77.55±22.18 46.25±22.16
∗

49.42±26.09
∗

CKD= chronic kidney disease, HD=hemodialysis, ND=nondialysis, PD=peritoneal dialysis.
∗
P< .05 vs. control.

† P< .05 vs. CKD3.
‡ P< .05 vs. CKD4.

Table 4

Serum concentrations of ERS marks in CKD patients and normal co

Item Control (n=20) CKD3 (n=22) CKD4 (n=19)

CHOP 54.4±24.1 338.3±178.7
∗

379.1±158.9
∗

GRP78 35.6±23.2 78.2±76.9
∗

181.1±141.5
∗,†

CHOP = CCAAT-enhancer-binding protein homologous protein, CKD=chronic kidney disease, ERS =
nondialysis, PD=peritoneal dialysis.
∗
P< .05 vs. control.

† P< .05 vs. CKD3.
‡ P< .05 vs. CKD4.
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serum levels of CHOP (r=0.603, P< .01 and GRP78 (r=0.802,
P< .01) (Fig. 4B and D), reflecting an association between the
extent of ERS and the severity of renal damage.

3.6. Correlation of the serum Th17/Treg cell ratio with
serum ERS marker levels in CKD patients

Having established that the Th17/Treg cell ratio and serum levels
of ERS markers were independently correlated with creatinine
levels in CKD patients, we next asked whether these parameters
were correlated with each other.We found that the ratio of Th17/
Treg cells was positively correlated with serum CHOP and
GRP78 levels (r=0.465, P< .01 and r=0.498, P< .01, respec-
tively) (Fig. 5), indicating that ERS and imbalances in immune
components might interact to influence the progression of CKD.
and normal control subjects (x ± s, pg/mL).

CKD5 (n=50)

ND (n=14) HD (n=18) PD (n=18)

59.26±20.35
∗,†,‡ 60.48±24.29

∗,†,‡ 43.1±22.30
∗,†

36.97±23.65
∗

48.20±26.44
∗

42.90±20.34
∗

ntrol subjects (x ± s, pg/mL).

CKD5 (n=50)

ND (n=14) HD (n=18) PD (n=18)

512.3±209.2
∗,† 454.9±241.8

∗,† 450.7±172.7
∗

348.2±154.9
∗,†,‡ 370.0±197.5

∗,†,‡ 331.9±96.8
∗,†,‡

endoplasmic reticulum stress, GRP78 = glucose-regulated protein 78, HD=hemodialysis, ND=

http://www.md-journal.com


Figure 3. Correlations of IL-17 and IL-10 with serum creatinine level. (A) The serum concentration of IL-17 was measured by ELISA in the control and CKD groups.
(B) The serum concentration of IL-10 wasmeasured by ELISA in the control and CKD groups. (C) The correlation between serum IL-17 concentration and creatinine
level was analyzed by Spearman rank correlation and regression test. (D) The correlation between serum IL-10 concentration and creatinine level was analyzed
similarly. The P value and r value are indicated in the graphs. CKD = chronic kidney disease, ELISA = enzyme-linked immunosorbent assay.
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4. Discussion
In the present study, we investigated the changes in Th17 and
Treg cell populations and the levels of specific cytokines and ERS
markers in patients with differing CKD stages. In addition, we
assessed the impact of different dialysis treatments on restoration
of immune balance. We found that compared with controls
CKD patients had an increased percentage of Th17 cells and a
decreased percentage of Treg cells, reflected in an increased
Th17/Treg cell ratio that was positively correlated with CKD
stage. Corresponding differences in serum levels of Th17 (IL-17)
and Treg (IL-10)-specific cytokines were observed in CKD
patients. Moreover, the percentage of Th17 cells, serum IL-17
level, and Th17/Treg ratio were all positively correlated with the
severity of kidney disease, as determined by serum creatinine
levels. By contrast, the percentage of Treg cells was negatively
6

correlated with serum creatinine level. Furthermore, serum levels
of the ERSmarkers CHOP andGRP78were positively correlated
with CKD stage and serum creatinine levels. Interestingly,
while the ratio of Th17/Treg cells showed positive correlation
with the levels of CHOP and GRP78, dialysis treatment did not
appreciably affect immune balance or amelioration of ERS. Our
data suggest a possible mechanism of CKD pathogenesis and
disease progression, and indicate a rationale for development of
new therapeutic strategies that target the interplay between the
immune network and ERS responses.
Risk factors for CKD include metabolism, hemodynamics, and

genetic predisposition. With recent advances in studies of CKD
pathophysiology, inflammation, and dysregulated immune
responses have emerged as important factors contributing to
the gradual loss of renal function in CKD patients.[18] Moreover,



Figure 4. Correlation between ERSmarkers and serum creatinine level. Serum concentrations of CHOP (A) and GRP78 (B) were measured by ELISA in the control
group and different CKD groups. The correlation between serum creatinine level and the CHOP (C) and GRP78 (D) concentrations was analyzed by Spearman rank
correlation and regression test. The P value and r value are indicated in the graphs. CHOP=CCAAT-enhancer-binding protein homologous protein, CKD= chronic
kidney disease, ELISA = enzyme-linked immunosorbent assay, ERS = endoplasmic reticulum stress, GRP78 = glucose-regulated protein 78.
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the risk of developing heart disease and cancer increases
markedly in CKD patients.[19,20] Th17 cells and their major
effector cytokine IL-17 play important roles in tissue inflamma-
tion and are involved in various immune disorders and human
malignancies, including rheumatoid arthritis, systemic lupus,
multiple myeloma, and cancer.[21–25] However, the role of Th17
cells in CKD pathogenesis and disease progression remains
inconclusive. On the other hand, Treg cells generate immune
mediators (IL-10) or immunosuppressive cytokines (TGF-beta) to
modulate immune responses and autoimmunity in immune
tolerance.[26,27] Th17 and Treg cells function in an interrelated
and antagonistic manner, and the balance between the ratio of 2
is important in the maintenance of human health. Although IL-17
is considered a specific Th17 cytokine, IL-17-producing Treg cells
7

have been identified during inflammation or upon activa-
tion.[28,29] The balancing mechanism of Th17 and Treg cells is
therefore extremely complicated and has not yet been fully
elucidated. That said, the role of Th17/Treg imbalance in the
development of various diseases, including autoimmune con-
ditions and cancer, has been well established.[12,30,31]

In the present study, the frequency of Th17 cells was markedly
increased in CKD3 patients; however, the frequency of Treg cells
was significantly decreased in CKD5 patients. It is possible that
the decrease of Treg cell frequency was following the increase of
Th17 cell frequency. As a result, the Th17/Treg cell ratio was
significantly increased with the progression of CKD. These results
suggest that in early stage of CKD, the proinflammatory Th17
cells are antagonized by large numbers of immunosuppressive

http://www.md-journal.com


[36,37]

Figure 5. Correlation between serum concentration of ERS markers and ratio of Th17/Treg cells in CKD patients. (A) Correlation between the concentration of
CHOP and ratio of Th17/Treg was analyzed by Spearman rank correlation and regression test. (B) Correlation between the concentration of GRP78 and ratio of
Th17/Treg was analyzed similarly. The P value and r value are indicated in the graphs. CHOP = CCAAT-enhancer-binding protein homologous protein, CKD =
chronic kidney disease, ERS = endoplasmic reticulum stress, GRP78 = glucose-regulated protein 78.
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Treg cells. However, with the progressing of CKD, the Treg cells
are consumed in late stage, which causes an increase in Th17 cells
and creates an imbalance between Th17 and Treg cells. That
explains the increased incidence of complications in late CKD
stage. In addition, we demonstrated that the serum creatinine
level, an indicator of renal function, was positively correlated
with the frequency of Th17 cells, but was negatively correlated
with the frequency of Treg cells. An even stronger positive
correlation was observed between serum creatinine levels and the
Th17/Treg cell ratio. These results clearly indicate that the
imbalance between proinflammatory and immunosuppressive
cells plays a critical role in CKD progression. What remains
unclear is whether the fluctuations in the Th17/Treg ratio are a
cause or a result of renal failure.
Advanced stage CKD often requires dialysis treatment, includ-

ingHDandPD. Inour study, althoughdialysis treatment improved
the survival of CKDpatients, it had a limited effect on restoring the
balance between Th17 and Treg cells, a result that is consistent
with a previous study in end-stage renal disease patients.[32]

Dialysis augments reduced renal function by removing metabolic
waste products and toxins andmaintaining the electrolyte balance
and acid–base equilibrium. However, due to the possible risks
present in HD, such as severe anemia due to blood loss during
treatment, hemodynamic instability, aluminum intoxication,[33]

and dialyzer biocompatibility,[34] immune disorders may be
worsened by dialysis. Although PD has advantages over HD in
these respects,[35] problems such as increased protein loss,
excessive glucose intake, and triglyceride abnormalities make it
ineffective in restoring immune balance in CKD patients. Further
investigation is required to identify new therapeutic agents or
strategies to improve the patient’s immune microenvironment.
ERS is a physiological and pathological disorder of ER

characterized by impaired protein and lipid synthesis, and the
disturbance of intracellular calcium homeostasis. Markers for ERS
include GRP78 as a marker for activation of ERS response, and
CHOP as a primary marker for induction of apoptotic path-
8

way. Numerous studies have indicated the involvement of ERS
in the pathophysiology of kidney diseases by causing damage to
glomerular mesangial cells, podocytes, and tubular epithelial
cells.[38–40] Consistent with their previously established association
with ERS, we found that serum levels of GRP78 and CHOP were
positively correlated with serum creatinine levels in CKD patients.
The results reiterate that the severity of CKD correlates with the
degree of ERS. ERS response is a normal physiological response and
has protective effects in patients with adequate renal compensation.
However, as the renal function deteriorates, ERS response might
impair renal function and the extent of renal damage could
conceivably increase during progression of CKD.
Immune disorder and ERS have long been reported as 2

independent causes/consequences of CKD. CHOP and GRP78 in
circulation can be contributed by any cells beyond T cells. Although
ERS-induced inflammation has been described in previous
studies,[41,42] the relationship between ERS and immune regulation
is largely unknown. Given the profound impact of oxidative stress
on T cell activation and function,[43] ERS—a subtype of oxidative
stress—could potentially contribute to immune dysregulation. Our
study identified a positive correlation between the serum levels of the
ERSmarkers CHOP andGRP78 and the ratio of Th17/Treg cells in
CKD patients, indicating a crosstalk between these 2 components.
Because inflammation is a common downstream event of ERS
response and Th17/Treg imbalance, we hypothesize that inflamma-
tion is a major mediator of ERS and immune dysfunction that
contributes significantly to disease progression.
In conclusion, our study is to our knowledge the first to

demonstrate the relationship between the ratio of Th17/Treg cells
and changes in ERS marker levels and CKD stage. The
antioxidant effects of alpha lipoic acid[44] and the flavonoid
quercetin[45] suggest the potential of novel therapeutic
approaches in CKD. Future studies will focus on the identifica-
tion of the antioxidant that targets crosstalk between ERS and
immune imbalance in order to protect the kidney from
inflammation-induced tissue damage.
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