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Abstract

Background: The age-associated dysregulated immune response may partly contribute to the greater
mortality and morbidity in elderly patients undergoing cardiopulmonary bypass (CPB). The aim of the
present study was to first investigate the possible relation between age and levels of interleukin (IL)-17 and
IL-35 in CPB patients.

Methods: In general, 90 patients undergoing CPB from February 2018 to March 2019 in Jorjani Heart
Center, Bandar Abbas, were enrolled in this cross-sectional study. IL-35 and IL-17A were measured before
and 12 hours after CPB using enzyme-linked immunosorbent assay. The relation of age and the mentioned
cytokines was assessed in patients<70 and>70 years old.

Results: IL-17A levels were slightly increased (25.7 8.7 ng/mL versus 20.9+6.3 ng/mL), while IL-35
levels represented a slight decrease (20.6+10 ng/mL versus 23.2 +11.9 ng/mL) in CPB patients>70 years
in comparison with those below 70 years (P>0.05). There was a positive correlation between IL-17 and
age (r=0.4, P=0.002) in patients older than 70 years. Eventually, IL-35 was negatively associated with age
(r=-0.2, P=0.03) in>70 years patients.

Conclusion: These data suggested that the age-related elevation of IL-17A levels, as well as a decline in
the IL-35 serum concentration, contributing to the imbalanced pro- and anti-inflammatory response, may
play a crucial role in the stronger adverse post-CPB outcomes in the elderly.
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Background

Cardiopulmonary bypass (CPB) is often accompanied
by adverse postoperative outcomes and is responsible for
increased morbidity and mortality in elderly patients (1-
3). Previous studies have shown that increasing patient
age is an important risk factor that worsens the post-CPB
outcomes (4). Recent data have confirmed the critical
role of the immune response in adverse postoperative
complications. The studies demonstrated that CPB
triggers systemic inflammatory response syndrome
(SIRS) via different mechanisms, including ischemia/
reperfusion injury, surgical trauma, changes in body
temperature, and anesthesia (5). Postoperative SIRS is
characterized by an elevated release of inflammatory
cytokines such as interleukin (IL)-1,IL-6,and IL-8 (6) and
is associated with serious postoperative complications,
including myocardial, renal and neurologic dysfunction,
and multiple organ failures (7).

Although the mechanisms responsible for the worsened
clinical outcomes in cardiac surgery elders are poorly
characterized, there is a growing appreciation for the
loss of immune steady-state with increasing age. There
is consensus that aging is associated with a progressive
trend toward an imbalance between pro- and anti-

inflammatory cytokines, called inflamm-aging (8). The
role of excessive inflammatory mediators such as IL-6,
acute phase proteins, stress hormones, reactive oxygen
species, and coagulation factors in aging-related diseases
(8,9) such as osteoporosis, atherosclerosis, diabetes, and
Alzheimer’s disease (8) have been reported in some
studies. Apparently, the dysregulation of the homeostasis
of cytokines and their signaling disturbance leads to
disproportionate inflammation, which is a characteristic
feature of both aging and aging-related maladies (10). T
helper 17 (Th17) and CD4 + CD25 + Foxp3 + regulatory T
(Treg) cells are the two subgroups of CD4 + T lymphocytes,
which play an important role in immunological
homeostasis (11,12). The imbalance of Th17 and Treg
cells has been proposed to contribute to the pathogenesis
of inflammatory diseases with increasing age (13).

Th17 cells, having the capability to produce pro-
inflammatory cytokines, including IL-17A, IL-17F, IL-21,
and IL-22, perform critical functions in autoimmunity
(14,15). IL-17A is a pro-inflammatory cytokine and
plays an important role in the development of several
inflammatory diseases (14,16), including psoriasis (17),
asthma (18), and rheumatoid arthritis (19).

Ontheotherhand, Tregcells produce anti-inflammatory
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cytokines, including IL-10 and IL-35, modulate the
function of effector T cells, and prevent autoimmunity
(20,21). IL-35 is a newly discovered immunosuppressive
cytokine that not only suppresses effector T cell activity
(22) but also limits the differentiation and functions of
Th17 cells (23).

Objectives

This study aimed to shed further light on the mechanisms
underlying the poorer outcomes of elderly patients who
underwent cardiac surgical procedures and to investigate
whether the Th17/Treg imbalance occurred during CPB.
Accordingly, the possible relation between age and levels
of the IL-17A and, IL-35 in patients undergoing cardiac
surgery was assessed in this study.

Materials and Methods

Characteristics of Study Participants

The participants of this cross-sectional study included
90 patients who were candidates for CPB graft surgery in
Bandar Abbas Jorjani Heart Center from February 2018
to March 2019. Patients with any kind of immunologic
or infectious disease, left ventricular dysfunction, distal
artery function disorders or valve disease, and major
organ dysfunction were excluded from the investigation,
and patients who died during or after the surgery were
not enrolled in the study.

Cardiopulmonary Bypass Technique

Medication with cardiac drugs such as antihypertensives
continued until the day of the operation. Eight hours
before the surgery, patients received 1 mg of alprazolam
orally as pre-anesthetic medication. Anesthesia was
induced with fentanyl (5 pg/kg), midazolam (0.05 mg/g),
etomidate (2 mg/kg), and cisatracurium (0.2 mg/kg). The
anticoagulant (heparin, 300-400 U/kg) was used, and
the activated clotting time was maintained greater than
450 seconds. The applied prime solutions of the pump
included 1000 mL of lactated Ringer’s solution and 500
mL of Voluven colloid solution. The hematocrit level was
maintained at 26 + 2. The pulsatile arterial pressure of 50-
70 mm Hg and the pump flow of 2.2-2.4 were maintained.
The body temperature during the surgery was cooled
down to 30°C, and the times of surgery and cross-clamp
were recorded finally.

Sample Collection and Cytokine Measurements

The serum was obtained from blood samples before
and 12 hours post-operation. The blood sample was
coagulated at room temperature and then centrifuged at
2500 g for 10 minutes at 4°C (Sigma, USA). Both cytokines
(IL-17A and IL-35) were measured using enzyme-linked
immunosorbent assay (ZellBio, Germany), and the
concentration was calculated based on the linear standard
curve developed from provided standard solutions. The

intra- and inter-assay variations were<10%, and the
lower limit of detection of IL-17A was <2.3 pg/mL.

Statistical Analyses

The analysis was performed using SPSS statistical software,
version 20.0. (SPSS Inc., Chicago, IL, USA). Quantitative
variables were compared using Students t test for 2
groups and one-way analysis of variance for more than
2 groups. Equal non-parametric tests were used for non-
normally distributed variables. Data were presented as
the mean * standard deviation (SD). Categorical variables
were compared using the chi-square test and presented
as percentiles. Correlation analyses were performed, and
Pearson or Spearman correlation coefficient was reported,
and P<0.05 was considered statistically significant. The
sample size was calculated considering the precision/
absolute error of 5% and a type 1 error of 5%, and the SD
of variables was taken from previous studies.

Results

Characteristics of the Study Population

In this cross-sectional study, a total of 90 patients
undergoing CPB surgery were enrolled, consisting of 51
males and 39 females with mean ages of 58.6+11 and
61.5+11.2 years, respectively. Patients were divided into
two groups based on their age and patients who were
below 70 years old (n=59) compared to those who were
70 years old or higher (n=31). Based on the data in
Table 1, demographic and operation variables were not
statistically different between the two groups.

Comparing Cytokines in Different Age Groups of CPB
Patients

The serum levels of IL-17A and IL-35 were compared
between CPB patients over or below 70 years old before
and 12 hours after the operation. Based on the results
(Table 2), IL-17A levels were non-significantly increased
(25.7+8.7 ng/mL versus 20.9+6.3 ng/mL), whereas IL-
35 levels were non-significantly decreased (20.6+ 10 ng/
mL versus 23.2+11.9 ng/mL) in patients> 70 years old in
comparison with <70 years old subjects (P>0.05).

Association of Age and Serum Cytokines in Different Age
Groups

The correlations of IL-35 and IL-17A levels with age were
evaluated in CPB patients higher and below 70 years old
before and 12 hours post-operation (Table 3). Regarding
the assessment of IL-35 concentrations in patients <70
years old, there was no correlation between the IL-35 level
and age before and after the operation. However, post-
operative IL-35 serum levels were negatively correlated
with age (r=-0.2, P=0.03) in patients>70 years old.
With regard to IL-17A concentrations in patients <70
years old, there was no correlation between the levels
of IL-17A and age before and after the operation, but
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Table 1. Demographic and Operation Variables of Patients Bellow and
Higher Than 70 Years Old

Age<70Years Age>70 Years

Variables (n=59) (=31 P Value
Gender (%)

Male (n=51) 55.6 57.1 0.8

Female (n=39) 44.4 42.9 0.9
BMI (kg/m?), Mean +SD 24+43 249+3.7 0.5
SHY{;;OL;Z:LO;SSWSSW MM 1266+31.8  131.0£225 0.8
g;ftﬂ;:g’g pressure (mm ) 6155 70.2410.1 0.5
Cross-clamp time, Mean +SD 81.8+33.3 74.8+10.7 0.4
Bypass time, Mean +SD 129.6+37.5 127.3+21.2 0.8
One graft (%) 24 22 0.8
Two grafts (%) 30 37 0.5
More than two grafts (%) 46 41 0.6
Ejection fraction (%) 47.7 40.3 0.5
Diabetes (%) 50.5 58.4 0.5
Hypertension (%) 43.1 54.8 0.3
Smoking (%) 25.6 12.5 0.4

Note. BMI: Body mass index; SD: Standard deviation.

Table 2. Comparing Serum Cytokine Levels Between Patients Bellow and
Higher Than 70 Years Old Before and 12 Hours Post-operation

Time of  Age<70Years Age270 Years

Variables St (n=59) =31 P Value
Before CPB 8.7+4 6.8+2.2 0.1
IL-35 (ng/mL)
After CPB 23.2+£11.9 20.6+10 0.5
Before CPB 16.2+7.3 15.9+6 0.9
IL-17 (ng/mL)
After CPB 20.9+6.3 25.7+8.7 0.09

Note. CPB: Cardiopulmonary bypass; IL: Interleukin.

Table 3. Correlation Analyses of IL-17 and IL-35 With Age in Patients
Undergoing Cardiopulmonary Bypass Surgery Before and After Operation

. Age <70 Years

Variables Time of SZ}mple (n=59)

Collection

R value P Value

Before CPB -0.1 0.3
IL-35 (ng/mL)

After CPB -0.2 0.03

Before CPB 0.1 0.2
IL-17 (ng/mL)

After CPB 0.4 0.002

Note. IL: Interleukin; CPB: Cardiopulmonary bypass.

in patients>70 years old, the IL-17A serum levels were
positively correlated with age only after the operation
(r=0.4, P=0.002).

Discussion

The novel finding of the present study is the age-
related changes in the post-CPB concentration of IL-
17A and IL-35 in the elderly. The patients who were
aged>70 showed a positive correlation between age
and IL-17A levels while a negative correlation between
age and IL-35 circulating concentrations after cardiac

surgery. Several studies reported that increased levels
of pro-inflammatory cytokines play critical roles in the
development and progression of age-related diseases (24).
Considering that IL-17A, as a pro-inflammatory cytokine,
plays an important role in the development of several
inflammatory diseases (14,16), our findings regarding the
age-related increase in IL-17A concentrations during CPB
are consistent with previous reports, showing that elderly
CPB patients generate strong proinflammatory cytokine
responses. Howell et al found a positive correlation
between IL-6 production and age during cardiac surgery
(4). Wei et al measured IL-6 and IL-8 in CPB patients
and concluded that IL-6 and IL-8 levels increased in
patients aged>70. They confirmed the disturbance
in pro- and anti-inflammatory cytokine response in
older patients (25). Ouyang et al isolated CD4+T cells
from the peripheral blood of healthy aged humans and
stimulated them with phorbol myristate acetate and
ionomycin. They found that the mRNA levels of T helper
17-related cytokines, IL-17A, IL-17F, and IL-22, as well
as the transcription factor retinoic acid-receptor-related
orphan receptor (ROR) C2, were significantly elevated
in the aged CD4+T cell in comparison with a healthy
young population (26). Interestingly, previous studies
indicated that Th17 immune responses contribute to the
development of inflammatory disorders such as colitis
(26) and prostate cancer (27) in the elderly. Although the
clinical relevance of the elevated levels of IL-17 in post-
CPB SIRS in the elderly is still unknown, the most probable
explanation is the effects of IL-17 on the production of
other inflammatory mediators such as serum amyloid A,
C-reactive protein, IL-8, IL-6, tumor necrosis factor-a, and
the acute phase reactants (28), as well as the mobilization
and recruitment of the immune cells, especially
neutrophils, during CPB (29-31). Our finding regarding
lower IL-35 levels in old patients is in line with those of
Wei et al about the lower levels of another Treg-related
anti-inflammatory cytokine (IL-10) in old subjects (25).
Spencer et al confirmed the age-associated dysregulation
in the production of IL-10 (32). Recent studies provided
evidence that the decreased levels of IL-35 were correlated
with the aggravation of sarcoidosis (33), systemic lupus
erythematosus (34) asthma (35), and Graves’ disease (36).
Overall, although the limitations of our study, including
small sample size and the retrospective design, must be
placed in perspectives, our results confirmed the intrinsic
bias toward a Th17 immune response in the aging process
(26). There is growing evidence that an imbalance between
Th17 and Treg cells and their related cytokines such as IL-
17A and IL-35 have a profound effect on the development
of inflammatory diseases such as autoimmune diseases
and cancer (37), and it can be assumed that the post-
operative age-related changing in IL-17 and IL-35 levels
can intensify the imbalance between the pro- and anti-
inflammatory cytokines in the elderly and generate
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a strong pro-inflammatory cytokine profile, which is
accompanied by other risk factors such as myocardial
infarction, diabetes mellitus, and hypertension, can result
in poorer outcomes in elders with cardiac surgery.

Acknowledgments

We extend our thanks to Miss. Gisoo Mehri for her useful comments
on our manuscript and the Research Council of Hormozgan
University of Medical Sciences for their financial support.

Authors’ Contribution

Conceptualization:NN and MR, Data curation:MR, Formal
analysis: MR, Funding acquisition: MR and HM, Investigatin: MR
and HM, Methodology: NN and MR, Project administration:NN
and MR, Resources: HM, Supervision: MR and NN, validation:MR
and NN, Visualization:NN and MR, Writing-original draft: NN and
MR, Writing-review and editting: NN, MR and HM.

Competing Interests
The authors declare that they have no competing interests.

Ethical Approval

All procedures performed in studies involving human participants
were in accordance with the ethical standards of the Institutional
and/or National Research Committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical
standards. Informed consent was obtained from all individual
participants included in the study. The Ethics Committee of the
Hormozgan University of Medical Sciences confirmed the study
(With reference number HUMS.REC.1395.81).

Funding
This study was supported by the Research Council of Hormozgan
University of Medical Sciences (950108).

References

1. Hannan EL, Wu C, Bennett EV, Carlson RE, Culliford AT, Gold
JP, et al. Risk stratification of in-hospital mortality for coronary
artery bypass graft surgery. ] Am Coll Cardiol. 2006;47(3):661-
8. doi: 10.1016/j.jacc.2005.10.057.

2. Faro RS, Golden MD, Javid H, Serry C, DeLaria GA, Monson
D, et al. Coronary revascularization in septuagenarians. |
Thorac Cardiovasc Surg. 1983;86(4):616-20.

3. Berman ND, David TE, Lipton IH, Lenkei SC. Surgical
procedures involving cardiopulmonary bypass in patients
aged 70 or older. ] Am Geriatr Soc. 1980;28(1):29-32. doi:
10.1111/.1532-5415.1980.tb00120.x.

4. Howell KW, Cleveland JC Jr, Meng X, Ao L, Su X, Schwartz
RS, et al. Interleukin 6 production during cardiac surgery
correlates with increasing age. ] Surg Res. 2016;201(1):76-81.
doi: 10.1016/j.jss.2015.10.016.

5. Elahi MM, Khan JS, Matata BM. Deleterious effects of
cardiopulmonary bypass in coronary artery surgery and
scientific interpretation of off-pump’s logic. Acute Card Care.
2006;8(4):196-209. doi: 10.1080/17482940600981730.

6. Krishnadasam B, Griscavage-Ennis ], Aldea GS. Reperfusion
injury during cardiopulmonary bypass. In: Matheis G, Moritz
A, Scholz M, eds. Leukocyte Depletion in Cardiac Surgery
and Cardiology. Basel: Karger; 2002. p. 54-77.

7. Paparella D, Yau TM, Young E. Cardiopulmonary bypass
induced inflammation: pathophysiology and treatment. An
update. Eur ] Cardiothorac Surg. 2002;21(2):232-44. doi:
10.1016/s1010-7940(01)01099-5.

8.  Franceschi C, Bonafé M, Valensin S, Olivieri F, De Luca M,
Ottaviani E, et al. Inflamm-aging. An evolutionary perspective

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

on immunosenescence. Ann N'Y Acad Sci. 2000;908:244-54.
doi: 10.1111/j.1749-6632.2000.tb06651 .x.

Krabbe KS, Pedersen M, Bruunsgaard H. Inflammatory
mediators in the elderly. Exp Gerontol. 2004;39(5):687-99.
doi: 10.1016/j.exger.2004.01.009.

Xia S, Zhang X, Zheng S, Khanabdali R, Kalionis B, Wu J,
et al. An update on inflamm-aging: mechanisms, prevention,
and treatment. J Immunol Res. 2016;2016:8426874. doi:
10.1155/2016/8426874.

Park BV, Pan F. The role of nuclear receptors in regulation of
Th17/Treg biology and its implications for diseases. Cell Mol
Immunol. 2015;12(5):533-42. doi: 10.1038/cmi.2015.21.
Zhou L, Lopes JE, Chong MM, Ivanoy, I, Min R, Victora
GD, et al. TGF-beta-induced Foxp3 inhibits Th17 cell
differentiation by antagonizing RORgammat function. Nature.
2008;453(7192):236-40. doi: 10.1038/nature06878.

Schmitt V, Rink L, Uciechowski P. The Th17/Treg balance is
disturbed during aging. Exp Gerontol. 2013;48(12):1379-86.
doi: 10.1016/j.exger.2013.09.003.

Miossec P, Kolls JK. Targeting IL-17 and Th17 cells in chronic
inflammation. Nat Rev Drug Discov. 2012;11(10):763-76.
doi: 10.1038/nrd3794.

Monteleone |, Pallone F, Monteleone G. Interleukin-23 and
Th17 cells in the control of gut inflammation. Mediators
Inflamm. 2009;2009:297645. doi: 10.1155/2009/297645.
Kuwabara T, Ishikawa F, Kondo M, Kakiuchi T. The role of
IL-17 and related cytokines in inflammatory autoimmune
diseases. Mediators Inflamm. 2017;2017:3908061. doi:
10.1155/2017/3908061.

Blauvelt A, Chiricozzi A. The immunologic role of IL-17 in
psoriasis and psoriatic arthritis pathogenesis. Clin Rev Allergy
Immunol. 2018;55(3):379-90. doi: 10.1007/s12016-018-
8702-3.

Hynes GM, Hinks TSC. The role of interleukin-17 in asthma:
a protective response? ER] Open Res. 2020;6(2):00364-2019.
doi: 10.1183/23120541.00364-2019.

Ziolkowska M, Koc A, Luszczykiewicz G, Ksiezopolska-
Pietrzak K, Klimczak E, Chwalinska-Sadowska H, et al.
High levels of IL-17 in rheumatoid arthritis patients: IL-15
triggers in vitro IL-17 production via cyclosporin a-sensitive
mechanism. ] Immunol. 2000;164(5):2832-8. doi: 10.4049/
jimmunol.164.5.2832.

Pandolfi F, Cianci R, Pagliari D, Landolfi R, Cammarota
G. Cellular mediators of inflammation: Tregs and Th17
cells in gastrointestinal diseases. Mediators Inflamm.
2009;2009:132028. doi: 10.1155/2009/132028.

Sakaguchi S. Naturally arising CD4 +regulatory t cells for
immunologic self-tolerance and negative control of immune
responses. Annu Rev Immunol. 2004;22:531-62. doi:
10.1146/annurev.immunol.21.120601.141122.

Collison LW, Workman CJ, Kuo TT, Boyd K, Wang Y, Vignali
KM, et al. The inhibitory cytokine IL-35 contributes to
regulatory T-cell function. Nature. 2007;450(7169):566-9.
doi: 10.1038/nature06306.

Whitehead GS, Wilson RH, Nakano K, Burch LH, Nakano
H, Cook DN. IL-35 production by inducible costimulator
(ICOS)-positive regulatory T cells reverses established IL-17-
dependent allergic airways disease. J Allergy Clin Immunol.
2012;129(1):207-15.€5. doi: 10.1016/j.jaci.2011.08.009.
Rea IM, Gibson DS, McGilligan V, McNerlan SE, Alexander
HD, Ross OA. Age and age-related diseases: role of
inflammation triggers and cytokines. Front Immunol.
2018;9:586. doi: 10.3389/fimmu.2018.00586.

Wei M, Kuukasjarvi P, Laurikka J, Pehkonen E, Kaukinen
S, Laine S, et al. Imbalance of pro- and anti-inflammatory
cytokine responses in elderly patients after coronary artery

hmj.hums.ac.ir

Hormozgan Med ] . Vol 27, No 3,2023 | 109


https://hmj.hums.ac.ir
https://hmj.hums.ac.ir
https://doi.org/10.1016/j.jacc.2005.10.057
https://doi.org/10.1111/j.1532-5415.1980.tb00120.x
https://doi.org/10.1016/j.jss.2015.10.016
https://doi.org/10.1080/17482940600981730
https://doi.org/10.1016/s1010-7940(01)01099-5
https://doi.org/10.1111/j.1749-6632.2000.tb06651.x
https://doi.org/10.1016/j.exger.2004.01.009
https://doi.org/10.1155/2016/8426874
https://doi.org/10.1038/nature06878
https://doi.org/10.1016/j.exger.2013.09.003
https://doi.org/10.1038/nrd3794
https://doi.org/10.1155/2009/297645
https://doi.org/10.1155/2017/3908061
https://doi.org/10.1007/s12016-018-8702-3
https://doi.org/10.1007/s12016-018-8702-3
https://doi.org/10.1183/23120541.00364-2019
https://doi.org/10.4049/jimmunol.164.5.2832
https://doi.org/10.4049/jimmunol.164.5.2832
https://doi.org/10.1155/2009/132028
https://doi.org/10.1146/annurev.immunol.21.120601.141122
https://doi.org/10.1038/nature06306
https://doi.org/10.1016/j.jaci.2011.08.009
https://doi.org/10.3389/fimmu.2018.00586

Naderi et al

26.

27.

28.

29.

30.

31.

bypass grafting. Aging Clin Exp Res. 2003;15(6):469-74. doi:
10.1007/bf03327369.

Ouyang X, Yang Z, Zhang R, Arnaboldi P, Lu G, Li Q, et al.
Potentiation of Th17 cytokines in aging process contributes to
the development of colitis. Cell Immunol. 2011;266(2):208-
17. doi: 10.1016/j.cellimm.2010.10.007.

De Angulo A, Faris R, Daniel B, Jolly C, deGraffenried L. Age-
related increase in IL-17 activates pro-inflammatory signaling
in prostate cells. Prostate. 2015;75(5):449-62. doi: 10.1002/
pros.22931.

Gaffen SL. The role of interleukin-17 in the pathogenesis of
rheumatoid arthritis. Curr Rheumatol Rep. 2009;11(5):365-
70. doi: 10.1007/s11926-009-0052-y.

Warltier DC, Laffey JG, Boylan JF, Cheng DC. The systemic
inflammatory response to cardiac surgery: implications for
the anesthesiologist. Anesthesiology. 2002;97(1):215-52. doi:
10.1097/00000542-200207000-00030.

Brix-Christensen V, Tonnesen E, Hjortdal VE, Chew M, Flo C,
Marqgversen J, et al. Neutrophils and platelets accumulate in
the heart, lungs, and kidneys after cardiopulmonary bypass
in neonatal pigs. Crit Care Med. 2002;30(3):670-6. doi:
10.1097/00003246-200203000-00029.

Wan S, LeClerc JL, Vincent JL. Inflammatory response to
cardiopulmonary bypass: mechanisms involved and possible
therapeutic  strategies. Chest. 1997;112(3):676-92. doi:
10.1378/chest.112.3.676.

32.

33.

34.

35.

36.

37.

Spencer NF, Norton SD, Harrison LL, Li GZ, Daynes RA.
Dysregulation of IL-10 production with aging: possible
linkage to the age-associated decline in DHEA and its
sulfated derivative. Exp Gerontol. 1996;31(3):393-408. doi:
10.1016/0531-5565(95)02033-0.

Mengmeng Z, Jiacui S, Shanshan D, Yuan Z, Ying Z, Qiuhong
L, et al. Serum IL-35 levels are associated with activity and
progression of sarcoidosis. Front Immunol. 2020;11:977. doi:
10.3389/fimmu.2020.00977.

Ye Z, Jiang Y, Sun D, Zhong W, Zhao L, Jiang Z. The plasma
interleukin IL-35 level and frequency of circulating IL-
35+regulatory B cells are decreased in a cohort of Chinese
patients with new-onset systemic lupus erythematosus. Sci
Rep. 2019;9(1):13210. doi: 10.1038/s41598-019-49748-z.

Li W, Gao R, Xin T, Gao P. Different expression levels
of interleukin-35 in asthma phenotypes. Respir Res.
2020;21(1):89. doi: 10.1186/s12931-020-01356-6.
Malek-HosseiniS, Kalantar K, Amirghofran Z, Dabbaghmanesh
MH, Rostamzadeh D, Ataollahi MR. Decreased serum levels
of IL-27and IL-35 in patients with Graves disease. Arch
Endocrinol Metab. 2021;64(5):521-7. doi: 10.20945/2359-
3997000000227.

Knochelmann HM, Dwyer CJ, Bailey SR, Amaya SM, Elston
DM, Mazza-McCrann JM, et al. When worlds collide: Th17
and Treg cells in cancer and autoimmunity. Cell Mol Immunol.
2018;15(5):458-69. doi: 10.1038/s41423-018-0004-4.

110 |

Hormozgan Med | . Vol 27, No 3, 2023

hmj.hums.ac.ir


https://hmj.hums.ac.ir
https://doi.org/10.1007/bf03327369
https://doi.org/10.1016/j.cellimm.2010.10.007
https://doi.org/10.1002/pros.22931
https://doi.org/10.1002/pros.22931
https://doi.org/10.1007/s11926-009-0052-y
https://doi.org/10.1097/00000542-200207000-00030
https://doi.org/10.1097/00003246-200203000-00029
https://doi.org/10.1378/chest.112.3.676
https://doi.org/10.1016/0531-5565(95)02033-0
https://doi.org/10.3389/fimmu.2020.00977
https://doi.org/10.1038/s41598-019-49748-z
https://doi.org/10.1186/s12931-020-01356-6
https://doi.org/10.20945/2359-3997000000227
https://doi.org/10.20945/2359-3997000000227
https://doi.org/10.1038/s41423-018-0004-4

