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1. Materials and Methods  

1.1. Searching algorithm used in PubMed  

The following algorithm was applied to PubMed, EMBASE, and Cochrane 

library modified accordingly for each database: 

Search ((((irisin[Title/Abstract]) OR fndc5/irisin[Title/Abstract]) OR fibronectin 

type III domain containing 5/irisin[Title/Abstract])) AND 

(((((((((((cancer[Title/Abstract]) OR tumor[Title/Abstract]) OR 

tumour[Title/Abstract]) OR tumor growth[Title/Abstract]) OR tumour 

growth[Title/Abstract]) OR tumor progression[Title/Abstract]) OR tumour 

progression[Title/Abstract]) OR cancer cachexia[Title/Abstract]) OR 

metastasis[Title/Abstract]) OR malignant growth[Title/Abstract]) OR 

malignancy[Title/Abstract]) Sort by: Best Match 

  



1.2. Participants in in vivo studies 

Table S1. Number of participants that were assessed in the systematic 
review  
 
Author and year  Healthy Diseased Total 

Altay et al 2016 [1] 12 48 60 

Altay et al 2018 [2] 25 23 48 

Aslan et al 2020 [3] 30 50 80 

Castro G et al, 2020 [4] - 94 94 

Cheng et al., 2020 [5] 30 30 60 

Coletta et al., 2021 [6] 33 - 33 

Cebulski K et al 2022[7] 61 541 602 

Gaggini et al 2017 [8] 18 18 36 

Esawy et al 2020 [9] 75 75 150 

Kim H. et al., 2019[10] - 138 138 

Provatopoulou X et al [11] 51 101 152 

Pazgan-Simon et al [12] 20 69 89 

Panagiotou et al 2016 [13] 80 16 96 

Pinkowska A. et al 2022 [14] 14 140 154 

Sadim M.et al., 2017 [15] - 393 393 

Shi G. et al. [16] 20 20 40 

Taken K. et al 2021 [17] 30 90 120 

Temur et al. 2021[18] 20 60 80 

Wozniak S. et al 2022[19] 26 222 248 

Zhu et al. 2018 [20] 40 42 82 

Zhang J et al. 2019 [21] 102 117 219 

Zhang Z. et. al, 2018 [22] - 148 148 

Zybek-Kocik et al.[23] 12 23 55 

Shahidi et al.[24] 29 22 51 

Ugur et al 2019 [25] 20 140 160 

Nowinska et al [26] 240 729 969 

Total 988 3349 4357 

  



 

 

2. Results 

2.1. Risk of Bias Assessment  

Table S2. Office for Human and Animal Studies (OHAT) tool. Risk of bias Assessment. 
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Table S3. Office for Human and Animal Studies (OHAT) modified tool for in vitro studies. Risk of bias 
Assessment. 
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2.2.  Data extraction 

The data that were extracted from the eligible publications have been 

divided in three tables: in vivo studies that have assessed irisin protein 

levels in blood samples, in vivo studies that assessed irisin protein levels on 

tissues, and in vitro studies. 

Table S4. Data extraction table. In vivo studies that assessed serum irisin levels in blood samples. 
 
Author and year  Type of cancer Assay/ Antibody General Conclusion 

Altay et al 2016 [1] gastric cancer ELISA kit/ 
Sunred Biological 
Technology Co., 
Shanghai 

Factors released from gastric tumor 
tissue activate a number of signaling 
pathways, stimulating FNDC5 and its 
coactivator PGC1-a in white and 
brown adipose tissue, and thus an 
increase in irisin in the circulation. No 
indication of how irisin is increased in 
the circulation though. 

Shahidi et al 2020 
[24] 

gastric cancer ELISA kit/ Bioassay 
Technology 
Laboratory, China 

Decreased irisin serum level could be 
a prognostic factor for gastric cancers 

Temur et al. 2021[18] Gastric and 
colorectal cancer 

ELISA kit 
/(Mybiosource, USA) 

Reduced irisin level might lead to 
absence a potential protective 
mechanism of irisin against cancer. 
Importantly, irisin could be powerful 
potential diagnostic biomarker which 
would be use for early detection of 
gastric and colorectal cancers. 

Altay et al 2018 [2] renal cancer ELISA kit/ 
Sunred Biological 
Technology Co., 
Shanghai 

Increased irisin serum protein 
expression in renal cancer group. 
Increased irisin in the circulation leads 
to weight loss of mice with 
experimentally induced gastric cancer. 

Aslan et al 2020 [3] prostate cancer ELISA kit/YL biont 
biotech Co. 
Shanghai 

Decreased serum protein 
concentration of irisin in prostate 
cancer patients. Irisin can potentially 
be used as a biomarker for prostate 
cancer. 

Esawy et al 2020 [9] bladder cancer ELISA kits/ 
BioVendor 
Laboratory Medicine, 
Brno, Czech 
Republic 

Decreased serum irisin levels in 
cancer patients. Serum irisin can be a 
good biomarker for prognosis and 
diagnosis of bladder cancer 

Taken K. et al 2021 
[17] 

Bladder cancer ELISA kit/ Adipogen 
AG, Liestal, 
Switzerland 

Serum irisin levels were significantly 
decreased in bladder cancer patients 
compared to healthy individuals. It can 
distinguish high-grade and stage 
tumors at presentation. Although 
detailed and long-term studies are 
required to elucidate the molecular and 
mechanistic basis of its use as well as 
biomarker dynamics in bladder cancer 
patients, serum irisin level seems to be 



a promising biomarker to detect 
bladder cancer. 

Cheng et al., 2020 
[5] 

osteosarcoma ELISA kit/ Adipogen 
AG, Liestal, 
Switzerland 

Decreased serum protein 
concentration of irisin in osteosarcoma 
patients.Irisin/FNDC5 and miR-214-3p 
might be used for the treatment of 
osteosarcoma patients in the future. 

Coletta et al., 2021 
[6] 

breast cancer Luminex® 
Human Myokine 
Magnetic Bead Panel 
/ HMYOMAG-56 K, 
Millipore Corporation, 
Billerica MA 

Reduction of resting levels of irisin 
after moderate-intensity continuous-
training. Exercise intensity does not 
impact the myokines levels in 
overweight postmenopausal women 
with increased risk for breast cancer. 

Provatopoulou X et 
al [11] 

breast cancer ELISA kit/ AdipoGen 
International, Liestal, 
SW 

Decreased serum levels of irisin breast 
cancer patients. Irisin is implicated in 
breast cancer development and can 
potentially serve as biomarker for the 
presence of the disease. 

Sadim M.et al., 2017 
[15] 

breast cancer Radio-immunoassay 
kit /Phoenix 
Pharmaceuticals, 
Burlingame,Calif) 

Irisin/ FNDC-5 SNP, rs726344 was 
significantly associated with weight 
change at 18 months in univariate 
analysis. 

Zhang Z. et. al, 2018 
[22] 

breast cancer to 
spinal metastasis 

ELISA kit/ Aviscera 
Biosciences, Santa 
Clara, CA 

The serum irisin was higher in patients 
without spinal metastasis. Higher 
serum irisin can be a protective factor 
of spinal metastasis in patients with 
breast cancer. 

Kim H. et al., 
2019[10] 

Metastatic solid 
tumors 

Luminex multiplex 
assay / Human 
Myokine magnetic 
bead panel kit, Merck 
Millipore 

Irisin does not predict overall survival 
for patients with metastatic solid 
tumors. 

Gaggini et al 2017 [8] hepatocellular 
carcinoma 

ELISA kit/ Adipogen 
AG, Liestal, 
Switzerland 

No change in irisin protein level. 
Increased mRNA expression in HCC 
patients. Irisin could be used a s a 
future therapeutic agent for treatment 
of carcinogenesis. 

Pazgan-Simon et al 
[12] 

hepatocellular 
carcinoma 

Elisa Kit / BioVendor-
Laboratorni Medicina 

Decreased serum levels of irisin in 
HCC patients. Lower irisin levels favor 
faster fibrosis progression and 
facilitate cancer progression. No clear 
effect of irisin on carcinogenesis 

Shi G. et al. [16] hepatocellular 
carcinoma 

ELISA kit/ USCN Life 
Science, 
Wuhan, China 

Serum irisin level unaltered in healthy 
and diseased participants. Irisin mRNA 
expression increased in patients, may 
have protective roles in liver cancer 
cells through activation of the 
PI3K/AKT pathway, which may induce 
liver cancer progression and 
decreased sensitivity to chemotherapy. 

Zhang J et al. 2019 
[21] 

hepatocellular 
carcinoma 

ELISA kit/ USCN Life 
Science, 
Wuhan, China 

Decreased Irisin serum level in 
patients. Irisin may be a novel serum 
biomarker in the diagnosis of HCC and 
a predictor of complications after 
hepatectomy. 

Pinkowska A. et al 
2022 

Laryngeal 
squamous cell 
cancer 

Western blot/ 
polyclonal anti-
irisin/FNDC5 
antibody (1:200, 
code no. NBP2-

Higher irisin expression for LSCC 
compared to control tissues and 
association with tumor growth and 
lymph node metastasis. Potential role 



14024, Novus 
Biologicals) 

of irisin as a biomarker in the 
diagnostic process of LSCC. 

Panagiotou et al 
2016 [13] 

thyroid cancer ELISA kit/ Phoenix 
Pharmaceuticals, 
Burlingame, CA 

Decreased serum irisin levels in 
patients. subclinical or interventional 
changes of thyroid state do not affect 
the levels of irisin in humans 

Zybek-Kocik et 
al.[23] 

thyroid cancer ELISA kit/ Phoenix 
Pharmaceuticals, 
Burlingame, CA 

Irisin concentration changes are 
associated with prolonged 
hypothyroidism and might primarily 
be the result of prolonged myopathy. 

Zhu et al. 2018 [20] colorectal cancer ELISA kit/ USCN Life 
Science, 
Wuhan, China 

Individuals with high ATF3 and low 
irisin levels were more likely to have 
CRC. Irisin may represent diagnostic 
biomarkers for CRC patients together 
with ATF3. 

Wozniak S. et al 
2022[19] 

Colorectal cancer rabbit polyclonal anti- 
irisin/FNDC5 
antibody (NBP2- 
14024; Novus 
Biologicals, Littleton, 
CO, USA) 

There is a possibility that the situation 
in the gastrointestinal tract is similar to 
that of adipose tissue, in which the 
level of irisin expression is different in 
brown, white and beige tissues. 
Therefore, the final results in various 
types of cancer are also divergent. 
However, the data from our study may 
be useful for understanding the role of 
this peptide in CRC progression. 

Castro G et al, 2020 
[4] 

Cancer 
associated 
cachexia 

Myokine 
quantification kit/ 
HMYOMAG-56 K, 
Merck-Millipore, St. 
Charles, MO, USA 

Different myokine content in skeletal 
muscle, plasma, and tumor from 
patients with cancer-associated 
cachexia may have a role in tumor 
evasion, inflammation, and tissue 
remodeling. These changes may be 
implicated in the decreased 
capacity for skeletal muscle 
regeneration, increased muscle 
breakdown and tumor aggressiveness 
associated with cachexia 

 

 

 

Table S5. Data extraction table. In vivo studies that assessed irisin protein levels on various 
tissues. 
 

Author and year Type of cancer Antibody General Conclusion 

Aydin et al 2016 [28]  Hepatocellular 
carcinoma, brain cancer, 
colon cancer, stomach 
cancer, esophageal 
cancer, pancreatic 
cancer 

anti-irisin, Phoenix 
Pharmaceuticals, 
Inc., Burlingame, 
CA 

Increased irisin immunoreactivity 
on tissues of gastrointestinal 
system cancers but not on liver 
cancer. Additional investigation 
required for the use of irisin 
treatment of cancer by induction of 
hyperthermia. 

Kuloglu et al 2016 
[29] 

Breast cancer, ovarian 
cancer 

Not reported Increased immunoreactivity of 
irisin in breast and ovarian 
cancers. Accordingly, irisin 
may regulate the thermal activity 
inside breast and ovarian tumors 



and then prohibit the proliferation 
of cancer cells. 

Cebulski K et al 
2022[7] 
 

Breast cancer  IHC/ polyclonal 
rabbit anti-irisin 
(code no. NBP2-
14024; Novus 
Biologicals, 
Littleton, CO, 
USA)  

Decrease in irisin expression 
levels in breast cancer. High irisin 
levels were associated with longer 
survival. Further studies are 
warranted to explain the 
mechanism of the effect of irisin on 
proliferation, migration, and EMT, 
and to test the possibility of using it 
as a target in potential therapy. 

Kuloglu et al 2019 
[30] 

Renal cancers anti-irisin, Phoenix 
Pharmaceuticals, 
Inc., Burlingame, 
CA 

Decreased irisin expression was 
detected in chromophobe RCC, 
while strong immunostaining was 
detected in oncocytomas. Irisin 
immunoreactivity may be a useful 
test for differentiating benign 
lesions from renal cancer. 

Ugur et al 2019 [25] Thyroid cancer anti-irisin, Phoenix 
Pharmaceuticals, 
Inc., Burlingame, 
CA 

Irisin immunoreactivity can 
be used as a biomarker for 
differentiating oncocytic variants of 
thyroid carcinomas from other 
types of thyroid cancer. Irisin is 
involved in carcinogenesis in the 
thyroid gland. 

Nowinska et al [26] Lung cancer anti-irisin/FNDC5; 
Novus 
Biologicals, 
Littleton, CO, USA 

Irisin was expressed in NSCLC 
tumors. Significant difference in 
the levels of irisin expression in 
cancer cells of SCC compared to 
the AC subtype. Expression of 
irisin in stromal fibroblasts may be 
associated with an increased 
proliferation of cancer cells and 
may also be an independent 
prognostic factor for survival in 
patients with NSCLC. 

  



Table S6. Data extraction table. In vitro studies. 
 
Author and year Type of cancer/  

cell lines 
Type of irisin General conclusions 

Fan G. et al. 2020 
[31] 

 

Lung cancer/ A549, 
H358, H1299, 
H1650 HBE and 
BEAS-2  

Human recombinant irisin, 
non-modified, Sigma-
Aldrich (St. Louis, MO, 
USA). 

Lower irisin expression in 
cancer cell lines. Irisin inhibits 
cell proliferation in cancer cell 
lines. Irisin a promising 
therapeutic agent for lung 
cancer. 

Nowinska K et al 
2019 [26] 
 

Lung cancer/ NCI-
H1703 (SCC) and 
NCI-H522 (AC) 

polyclonal rabbit anti-
irisin/FNDC5, (Novus 
Biologicals, Littleton, CO, 
USA) 

Irisin expression in stromal 
fibroblasts may influence cancer 
cell proliferation and may be a 
prognostic factor for survival in 
Lung cancer. 

Shao L. et. al, 2017 
[32] 
 

Lung cancer/ A549 
cells and NCIH446 
cells 

Not reported Irisin inhibits EMT and reduces 
the invasion of lung cancer cells 
via mediating the 
PI3K/AKT/Snail signaling 
pathway. The migration and 
invasive ability of lung cancer 
cells may be controlled by irisin, 
by inhibiting the PI3K/AKT/Snail 
signaling pathway and EMT. 

Gannon_et_al-
2015 [33] 

 

Breast 
cancer/MCF-10a, 
MCF-7, MDA-MB-
231  

Human 
recombinant non-modified 
irisin (INM), Cayman 
Chemical 
(Ann Arbor, MI) 

Irisin may allow for reduced 
doses of common antineoplastic 
agents (Increased tumor 
sensitivity) thereby improving 
patient tolerance and prognosis. 
Irisin may be a future 
therapeutic agent. 

Huang C.W. et al. 
2020 [34] 

 

Glioblastoma/ U-87 
MG, T98G, LN-18 
and 3T3-L1 cell line 

radioactive 68Ga-DOTA-
irisin (no further info) 

Consistent irisin administration 
can effectively inhibit cell 
proliferation, reduce protease 
secretion, 
impede cell invasion and restrict 
tumor growth. Irisin may be 
useful as a prognostic 
biomarker. 

Kong G. et. al 2017 
[35]  

 

Osteosarcoma/ 
U2OS and MG-63 

Irisin (modified) Phoenix 
Pharmaceuticals 
(Burlingame, CA, 
USA) 

Irisin suppressed the migration 
and invasion of osteosarcoma 
Cells reversed the EMT induced 
by IL-6 in osteosarcoma cells. It 
has an inhibitory role in IL-6-
induced EMT modulated via the 
STAT3/Snail pathway. 
Irisin is a promising agent in 
osteosarcoma treatment. 

Liu J et al 2019 [36] 
 

Pancreatic cancer/ 
MIA PaCa-2, BxPC-
3, and H9c2 

Non modified irisin by 
Sangon Biotech 
(Shanghai, China) 

Irisin increases the 
chemosensitivity of PC cells to 
DOX or GEM and enhance 
DOX-induced apoptosis in PC 
cancer cells through 
upregulation of PARP and 
caspase-3 and downregulation 
Bcl-2, BCL-xL, and 
PI3K/AKT/NF-kB signaling 
pathway. irisin could be used as 
an adjunctive agent combined 



with chemotherapy for the 
treating PC cells. 

Liu J. et. al, 2018 
[37] 

 

Pancreatic cancer/ 
MIA PaCa-2 and 
Panc03.27 

Anti-Irisin (Human, Rat, 
Mouse, Canine specific) 
antibody, 
Phoenix Pharmaceuticals 
(CA, USA). 

Irisin inhibits migration and 
invasion of PC cells via 
inhibition of epithelial-to-
mesenchymal 

transition pathway. Irisin 
activates the AMPK-mTOR 
signaling pathway, which may 
play a critical role in irisin-
induced inhibition of pancreatic 
cancer cell growth. 
Irisin may be employed as a 
therapeutic candidate for the 
treatment of pancreatic cancer 
in clinical practices. 

Zhang D et al., 
2019 [38] 
 

Pancreatic cancer/ 
PANC-1 and BxPC-
3 

Irisin human recombinant 
(modified), 
(Cayman Chemicals, MI, 
USA) 

Irisin could inhibit cell 
proliferation and induce the 
apoptosis of pancreatic cancer 
cells. In addition, irisin was able 
to downregulate the activation of 
the PI3K/AKT signaling pathway 
in pancreatic cancer cells. Irisin 
could be used as a therapeutic 
agent for pancreatic cancer. 

Moon et. al, 2014 
[39] 

 

Endometrial, colon, 
thyroid and 
esophageal cancer/ 
KLE and RL95-2, 
HT29, MCA38, 
SW579, BHP7, 
OE13 and OE33 

Human recombinant irisin 
made by Aviscera 
Bioscience 
(Santa Clara, CA) by 
Phoenix Pharmaceuticals 
(Burlingame, CA). 

Irisin, in physiological and high 
physiological/ 
pharmacological concentrations, 
has no in vitro effect on cell 
proliferation and malignant 
potential of obesity-related 
cancer cell lines. 

Shi G. et. al, 2017 
[16] 

 

Hepatocellular 
carcinoma/ 
SMMC7721 cells 

human recombinant 
modified (glycosylated) 
irisin (IM) from PlexBio 
(San Francisco, CA, USA) 
and human 
recombinant nonmodified 
irisin (INM; Cayman 
Chemical, Ann Arbor, 
MI, USA) 

Increased irisin 
levels may have protective roles 
in liver cancer cells through 
partial activation of the 
PI3K/AKT pathway, which may 
facilitate liver cancer 
progression and decrease the 
sensitivity to chemotherapy. 

Tekin S. et al, 2015 
[40] 

 

Prostate cancer/ 
LNCaP, DU-145, 
PC3 

Irisin (modified) Phoenix 
Pharmaceuticals 
(Burlingame, CA, 
USA) 

Our study results exerted that 
treatment with the physiological 
and pharmacological 
concentrations of irisin 
decreased cell viability in 
androgen receptor positive and 
negative prostate cancer cell 
lines in a dose dependent 
manner. Cytotoxic effects of 
irisin emerge via an androgen 
receptor independent 
mechanism. 

Sadr A.S. et al 
2022 [27] 

Prostate cancer cell 
lines LNCaP and 
DU-145 

Not reported Irisin can inhibit tumor 
development and induce 
apoptosis by inhibition of EMT 
through various signaling 
pathways. Some of the results 
are contradicting to previous 
studies which may be due to 



experimental methods used or 
tissue or cell line properties. It is 
possible using irisin as a new 
attractive and potential 
therapeutic target drug and as 
prognostic and diagnostic 
biomarker to treat prostate 
cancers in the future. 
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