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[ Abstract] Objective To study the endoplasmic reticulum stress (ERS)-associated
genes with diagnostic and therapeutic potential for ulcerative colitis (UC) based on bioinformatics
and Mendelian randomization analysis. Gene Set Enrichment Analysis (GSEA), Gene Ontology
(GO), and Kyoto Encyclopedia of Genes and Gnomes (KEGG) analysis were performed on
relevant genes, and a ceRNA regulatory network was constructed. Methods Gene expression
profiles and clinical information of colon tissues from UC patients and healthy controls were
obtained from Gene Expression Omnibus (GEO) database. Heteroexpression analysis was
used to screen for differentially expressed genes related to UC. The ERS-associated gene set was
downloaded from GeneCards database for analysis. The intersection of differentially expressed
genes and ERS-associated genes was used to obtain differentially expressed ERS-associated genes.
GO and KEGG were used to analyze differentially expressed ERS-associated genes. Three methods
including Lasso regression, support vector machine (SVM) and random forest tree were used
to screen UC disease characteristic genes, the intersection of the results obtained from the three
methods was used to obtain UC disease characteristic genes. Mendelian randomization analysis
was performed using expression quantitative trait locus (eQTL) exposure data and UC outcome
data to obtain target genes with diagnostic and therapeutic potential. GSEA, Gene Set Variation
Analysis (GSVA) and CIBERSORT immune cell infiltration analysis were used to explore the
correlation between target genes and immune cell composition. MiRNAs and IncRNAs related
to target genes were identified to construct a ceRNA regulatory network. Results Results of
Mendelian randomization analysis showed that the gene ANXA5 increased the risk of developing
UC. Results of GSEA showed that the main enriched pathways of target genes were chemokine
signaling, cytokine receptor interaction, hematopoietic cell lineage, JAK/STAT signaling pathway,
Leishmania infection. Results of GSVA showed the upregulation of complement and coagulation
cascades pathway, etc, and the downregulation of valine leucine and isoleucine degradation
pathway, etc. Results of immune cell infiltration analysis showed that neutrophils, activated
mast cells, etc. were positively regulated by the gene ANXAS5, while stationary dendritic cells,
macrophages M2, etc. were negatively regulated by the gene ANXAS5. Three key miRNAs and 15
IncRNAs were identified, and the ceRNA regulatory network was mapped. Conclusion This
study predicted that the ERS-associated gene ANXA5 increased the risk of UC. The miRNA and
IncRNA identified might be potential biomarkers for UC.
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Figure 1. Comparison of figures before and after principal component analysis correction
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Figure 2. Heat map and volcano diagram of differential gene expression
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Figure 3. Heatmap of differential ERS—associated genes and results of GO and KEGG analysis
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Figure 6. Gene set analysis and immune cell correlation analysis
E: ALANXASE AR R G AT B ANXASIRAGA ARG £ 047, C. ANXASKRE 5475 D. fidmifisERA; E
IR E KA F SR mI R AR G ANXASS & i i Aa Rt H ANXAS S & ik tmi e ifdz X &

2.7 ceRNAFIEM K

-5 H bR A 5 miRNA S miR-
802, miR-335-3p. miR-590-3p, 5 miRNA %
ik A 2% 1Y IncRNA f& CTA-414D7.1, SLC8AI-
AS1. LINC00240. CTA-392E5.1. AC005614.3.
RP11-146D12.2, RP11-335L23.4, RP11-
762H8.4. AC006548.28 ., LINC0O1122 .
AC093639.1, RP11-96K19.4, CTD-2561J22.5.
LA16c—60D12.2, RP11-638L3.1, JfHJ%E ceRNA
VEEERZE, ULE 7.

E7 ceRNAEEMZEE
Figure 7. Diagram of ceRNA regulatory network

https://slyyx.whuznhmedj.com/

3 1Tie

TEC A Sk Ji i 5 5 o 1) F2 2L 4y, Hepsif vl
fEfE UC Koad 2 il e MEAE A 0 TEC 45
TS M 4. s ingnie . s bR Elioan
L MR AN AN P B A, Rl ARSI ) e
PEAMIAE R S, AT b B B B BE AN i3 1k
AP, RPN A ERS i TIEC H AT
B ARG K A WETT FBORE RAER N, o
(1) ERS B2 BRI R 557 B I e 2 T8 ucl,
PR, 898 UC Bt B h i e i A i bn 59,
SIRYT AR T R AT A B SR O L, X E SR
PRI K iR37 UC T SR .

AW 2 7 AN GO s 45 R ok, ERS A
KIEH FES 5 A BRATEX ERS BRI
X} ERS J A . ERS W NI T (S S
WA, ERS AHHICHEH ] gl i X e A fb it S
Sl A N i . ERS M EHEN RS 51
S AR N R . NIRNEAE S . N
BB G, NS, ERS AHOCH £
PS5 FIRe ARG G . PUERTE S AR
WBEAMLEE | WL G | i S ALYIBEG 5h 55
ERS 2 ER PRI B MR HE AR E
KBy P, T ERS A 2 504 4L
Tife ] G5 AT S M RTS8 T A A sk R
fEAEDC ERS BR T 5.0 WUk 0 FEESD . =



731 HIBERFRE 2024 £ 10 BE 37 5% 10 #5 J.Math.Med. Oct. 2024, Vol. 37, No.10

A AL R A SCAE | I8 BT IR 2% i
BRI WP . BB . ShkOR A AL A
FhpEpRARSE 1O ARBIFSE KEGG 455 7h ERS H¢
SR EEEELH MR S sk reaEfL . ik
IR S35 sh ke AEREAL . JER L KRR
¢, AEPPORSHERR I . RIETENG . I %
PAERIEPEAR . BHZ, K. LB
AR, HSERERFE AR Y, Ik Rk
TR AR AR 14 S %

T R BEHLAL T4 R R, ANXAS FER %
HKAKCEB TN T UC B9 & XU . Sk A AN
MG AR AR T HA b
FEAESE U TR M BEAL AL o T 5, (EARHR 9 57
TR 30 25 AR AN S b, SR R
ZRPERES P KT 0.05, FUEIRAIEEN 5
2. BRI, ANXAS S UC Bz Wi LA,
H5qe R & YIRS U, R B EN (DSS)
B FREE A 9/ N IERAIESE, ANXAS (Feik F 5
FEIE B EARE R, JFS M2 B AN R 5
ARG, X F W ATREXS UC B E B W40 b
fer=Az sz U, B AR —Fp e R SR 4N
KR AT A " s T REA R E
I 40 ) M — R TR, R I s 2 A R T i T
WM E VS, B aE i A e
RN EE A Y AR EAR T, IS5 RE
P guE R B maE R e P . i R
iE AR, SRAE FRUAZ AN AT RS A T I oA o A
RN AN SAE WA, ] A 2RSS RAE
J IS A AL - 0 & I v 4 30 o S
M1 FAY, 5 B A0 AR 5 s o M2 A
Xz ZMEREE R, PR, B
YU R AL R SIS Y, A —E A T AT LA R
P Ak Y AT i 2 2 L ML R AR S A M2
2 PRIRARITE P AE UC G 3hiY, mBEREA 2N
FIE WA 2 R M1 R, M1 i B s e
IR LR Bk, S L Agd T, SBGLER
iE 1, Hod M1 7R RO R R EAE R, M2 i
FEPUE, WBRIAE, (RS G . BT UESE,
B M2 19 L AT R N B 25 B g etk B i
AHIF S G 2 A0 M IRIE 43 BT 75 H i A 2R A0
M2 [ 10 200 it 45 7 S 06 2H R0 R A rp 3k A A 22
S5 HFRIEH ANXAS o] L ys M2 B A
¥ I SOIR NS s ANXAS 1] figsdat T M2 B

WA MRS i UC &5 RURS: .

GSVA 45 W i 7%, ANXAS 3 H & £kl p
JAK-STAT i B F ik B 2 b, A2 58 40 i X+
FIAHIA 2- - 12 AN 2 23 FIF 4 2 -6
38 TS JAK-STAT i& 42, #F UC KImHLEl &
FEOCHAE . HAMIN R -12 FIEH 40 = -23
g1 538 i JAK2 F 22 R B 2 TS STAT3
STAT4, i 4/ 28 6 @ i JAK1/2 Fls & iR
A 2 PTG STAT3, AN E gl S e S g 7>
YERF JAK/STAT 15 538 B 0 25 O gk it &, 4n
FEE e B AR L VG R | I B VIR
WpgE e . e . SR E P, 54
YIS, XeseZgyn] IO IR 25, ANE& R
REPPE B A RIS B TR FEE e
IR e . B R T sl UC BB 15 3 Al
YEREIRIT RO P, AR ST R JAK/STAT 3 i
WRIFNAYT UC 4L T B

W UC ] SRS I T 25 W03R 7 I B
HEAE, HuZMsRRaA Z2W UC EinE, 2
1M, ZEasiits A RALE, 6B REKN
BRI, A LR T S E
S B BRSE R R, miRNA 7E 4 Sk Lo
MRS T/ NERE AR, BARENRE
P, BRI UC HiisWibs &y . e A—
25 miRNA 9% 8% UC RIBUE/E, W0 miRNA-
301a 3@ £1H0 5 SNIP1 Fl BTG1 {2k Th17 404k, K&
fik cadherin—1 ik, BEIRN7E Bbf BEIRE; 1M #2 R
miRNA-301a AIWEERJAE, PR & 17, At
RTINS H AR 3L ANXAS 32354 ) miRNA
ARERCH UC 2WiibraEd, SRR UCIRYTRYHE
A, K UC ARSI RNRT 7 HLAIHT (4 BB

AW AE YIS B R B 4 M R
ERS HH 5 HE R K FLa g ) S e 40 M kA 5 0 A, i
M T ERS AH 56 35 K ANXAS B4 UC & 95 KUK,
% 16 HY B9 miRNA . IncRNA 5% A 4E 8 UC 89 4= 9
&Y, S UC S Wr  I6Y7 T BT Bt A 1 i
1 FHAEE RN T E AR R BRI, ARRA RS
51— 25 B0 UF T S0 35 PR A 6 P L A

S 3k

1 R BUE RS AR (J] P E S SR I A g
AR, 2022, 29(10): 14-15. [Wu ZQ. Ulcerative colitis[J].
Chinese Practical Journal of Rural Doctors, 2022, 29(10):

https://slyyx.whuznhmedj.com/



HIBEZNFZE 2024 £ 10 BE 37 % 10 85 J.Math.Med. Oct. 2024, Vol. 37, No.10 732

10

11

14-15.] DOI: 10.3969/}.issn.1672-7185.2022.10.07.
B, R, KGE ., AR W5 TR I A D Y
Meta 7387 [J]. "PAETA TG 7443, 2015, 36(12): 1419-
1423. [Luo RL, Huo LJ, Zhang J, et al. Meta—analysis
on causes of ulcerative colitis[J]. Chinese Journal of
Epidemiology, 2015, 36(12): 1419-1423.] DOI: 10.3760/
cma.j.issn.0254-6450.2015.12.023.

Grootjans J, Kaser A, Kaufman RJ, et al. The unfolded
protein response in immunity and inflammation[J]. Nat
Rev Immunol, 2016, 16(8): 469-484. DOI: 10.1038/
nri.2016.62.

Qiao D, Zhang Z, Zhang Y, et al. Regulation of
endoplasmic reticulum stress—autophagy: a potential
therapeutic target for ulcerative colitis[J]. Front Pharmacol,
2021, 12: 697360. DOI: 10.3389/fphar.2021.697360.
Zhang Z, Qiao Y, Ji J, et al. The potential role of
differentially expressed tRNA-derived fragments in high
glucose—induced podocytes[J]. Ren Fail, 2024, 46(1):
2318413. DOL: 10.1080/0886022X.2024.2318413.

Ren MT, Gu ML, Zhou XX, et al. Sirtuin 1 alleviates
endoplasmic reticulum stress—mediated apoptosis of
intestinal epithelial cells in ulcerative colitis[J]. World J
Gastroenterol, 2019, 25(38): 5800-5813. DOI: 10.3748/
wjg.v25.138.5800.

Okumura R, Takeda K. Roles of intestinal epithelial cells
in the maintenance of gut homeostasis[J]. Exp Mol Med,
2017, 49(5): €338. DOI: 10.1038/emm.2017.20.

Chen SL, Li CM, Li W, et al. How autophagy, a potential
therapeutic target, regulates intestinal inflammation[]J].
Front Immunol, 2023, 14: 1087677. DOI: 10.3389/
fimmu.2023.1087677.

Liu X, Green RM. Endoplasmic reticulum stress and liver
diseases[J]. Liver Res, 2019, 3(1): 55-64. DOI: 10.1016/
j-livres.2019.01.002.

XUER , WM, SmOLE 55 . BRI 480
T A S I R S RE BRI S (1], h R B4R A A
2016, 36(19): 4917-4922. [Liu XJ, Shang YH, Huang
HC, et al. Research progress on endoplasmic reticulum
stress function in Alzheimer's disease neurons|]J]. Chinese
Journal of Gerontology, 2016, 36(19): 4917-4922.] DOL:
10.3969/j.issn.1005-9202.2016.19.117.

LE I 853 | S I8 I CN VAT GUR ERES 1190
5 0 L T OGBS O R B R ()], LU AR R

https://slyyx.whuznhmedj.com/

12

13

14

15

16

17

18

19

20

24, 2019, 59(17): 98-101. [Ye Y, Zhao HX, Zhang CC.
Research progress on the signaling pathway of endoplasmic
reticulum stress and its relationship with apoptosis related
diseases[J]. Shandong Medical Journal, 2019, 59(17): 98—
101.] DOI: 10.3969/}.issn.1002-266X.2019.17.028.
Oakes SA, Papa FR. The role of endoplasmic reticulum
stress in human pathology[J]. Annu Rev Pathol, 2015, 10
173-194. DOI: 10.1146/annurev—pathol-012513-104649.
Wang S, Kaufman RJ. The impact of the unfolded protein
response on human disease[J]. J Cell Biol, 2012, 197(7):
857-867. DOI: 10.1083/jcbh.201110131.

Deng B, Liao F, Liu Y, et al. Comprehensive analysis of
endoplasmic reticulum stress—associated genes signature
of ulcerative colitis[J]. Front Immunol, 2023, 14: 1158648.
DOI: 10.3389/fimmu.2023.1158648.

Hua R, Qiao G, Chen G, et al. Single—cell RNA-
sequencing analysis of colonic lamina propria immune cells
reveals the key immune cell-related genes of ulcerative
colitis[J]. J Inflamm Res, 2023, 16: 5171-5188. DOI:
10.2147/JIR.S440076.

Gii¢ E, Pollard JW. Redefining macrophage and neutrophil
biology in the metastatic cascade[J]. Immunity, 2021,
54(5): 885-902. DOI: 10.1016/).immuni.2021.03.022.
Park SH, Kang K, Giannopoulou E, et al. Type [
interferons and the cytokine TNF cooperatively reprogram
the macrophage epigenome to promote inflammatory
activation[J]. Nat Immunol, 2017, 18(10): 1104-1116.
DOI: 10.1038/ni.3818.

Wei Y, Wang M, Ma Y, et al. Classical dichotomy of
macrophages and alternative activation models proposed
with technological progress[J]. Biomed Res Int, 2021,
2021: 9910596. DOI: 10.1155/2021/9910596.
Subramanian Vignesh K, Landero Figueroa JA, Porollo
A, et al. Granulocyte macrophage—colony stimulating
factor induced Zn sequestration enhances macrophage
superoxide and limits intracellular pathogen survival[J].
Immunity, 2013, 39(4): 697-710. DOIL: 10.1016/
j-immuni.2013.09.006.

Virga I, Cappellesso F, Stijlemans B, et al. Macrophage
miR=210 induction and metabolic reprogramming in
response to pathogen interaction boost life—threatening
inflammation[J]. Sci Adv, 2021, 7(19): eabf0466. DOI:
10.1126/sciadv.abf0466.


https://xueshu.baidu.com/usercenter/paper/show?paperid=1t0u04f0jx1w00e0983d08n0v8436743&site=xueshu_se
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjQwNzA0Eg96aGx4YngyMDE1MTIwMjMaCHp5aWZubnYz
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjQwNzA0Eg96aGx4YngyMDE1MTIwMjMaCHp5aWZubnYz
https://pubmed.ncbi.nlm.nih.gov/27346803/
https://pubmed.ncbi.nlm.nih.gov/27346803/
https://pubmed.ncbi.nlm.nih.gov/34588980/
https://pubmed.ncbi.nlm.nih.gov/38369750/
https://pubmed.ncbi.nlm.nih.gov/31636473/
https://pubmed.ncbi.nlm.nih.gov/31636473/
https://pubmed.ncbi.nlm.nih.gov/28546564/
https://pubmed.ncbi.nlm.nih.gov/37168865/
https://pubmed.ncbi.nlm.nih.gov/37168865/
https://pubmed.ncbi.nlm.nih.gov/32670671/
https://pubmed.ncbi.nlm.nih.gov/32670671/
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjQwNzA0EhB6Z2xueHp6MjAxNjE5MTE5Gghla3piM2p3dw%3D%3D
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjQwNzA0EhBzaGFuZHl5MjAxOTE3MDI4Ggh5dGN4NW12OQ%3D%3D
https://pubmed.ncbi.nlm.nih.gov/25387057/
https://pubmed.ncbi.nlm.nih.gov/22733998/
https://pubmed.ncbi.nlm.nih.gov/37287987/
https://pubmed.ncbi.nlm.nih.gov/38026254/
https://pubmed.ncbi.nlm.nih.gov/33979586/
https://pubmed.ncbi.nlm.nih.gov/28825701/
https://pubmed.ncbi.nlm.nih.gov/34722776/
https://pubmed.ncbi.nlm.nih.gov/24138881/
https://pubmed.ncbi.nlm.nih.gov/24138881/
https://pubmed.ncbi.nlm.nih.gov/33962944/

21

22

23

24

25

26

27

28

29

733

HIBERFRE 2024 £ 10 BE 37 5% 10 #5 J.Math.Med. Oct. 2024, Vol. 37, No.10

Hoeffel G, Debroas G, Roger A, et al. Sensory neuron—
derived TAFA4 promotes macrophage tissue repair
functions[J]. Nature, 2021, 594(7861): 94-99. DOI:
10.1038/s41586-021-03563-7.

Qiu S, Xie L, Lu C, et al. Gastric cancer—derived
exosomal miR-519a-3p promotes liver metastasis by
inducing intrahepatic M2-like macrophage—mediated
angiogenesis[J]. J] Exp Clin Cancer Res, 2022, 41(1): 296.
DOI: 10.1186/513046-022-02499-8.

Mowat AM, Bain CC. Mucosal macrophages in intestinal
homeostasis and inflammation[J]. J Innate Immun, 2011,
3(6): 550-564. DOI: 10.1159/000329099.

Li B, Liu F, Ye J, et al. Regulation of macrophage
polarization through periodic photo—thermal treatment to
facilitate osteogenesis[J]. Small, 2022, 18(38): ¢2202691.
DOI: 10.1002/sml1.202202691.

Lissner D, Schumann M, Batra A, et al. Monocyte and
M1 macrophage—induced barrier defect contributes
to chronic intestinal inflammation in IBD[J]. Inflamm
Bowel Dis, 2015, 21(6): 1297-1305. DOI: 10.1097/
MIB.0000000000000384.

Kim W, Jang JH, Zhong X, et al. 15-Deoxy-A12,14—
prostaglandin J2 promotes resolution of experimentally
induced colitis[]J]. Front Immunol, 2021, 12: 615803. DOI:
10.3389/fimmu.2021.615803.

Mudter J, Neurath MF. IL-6 signaling in inflammatory
bowel disease: pathophysiological role and clinical
relevance[J]. Inflamm Bowel Dis, 2007, 13(8): 1016-1023.
DOI: 10.1002/ibd.20148.

Uhlig HH, McKenzie BS, Hue S, et al. Differential activity
of IL-12 and IL-23 in mucosal and systemic innate
immune pathology[J]. Immunity, 2006, 25(2): 309-318.
DOI: 10.1016/j.immuni.2006.05.017.

Banerjee S, Biehl A, Gadina M, et al. JAK-STAT signaling
as a target for inflammatory and autoimmune diseases:
current and future prospects[J]. Drugs, 2017, 77(8): 939.
DOI: 10.1007/s40265-017-0736-y.

Ishizaki M, Muromoto R, Akimoto T, et al. Tyk2 is a

therapeutic target for psoriasis—like skin inflammation[J].

31

32

33

34

[S¥)
9]

37

Int Immunol, 2014, 26(5): 257-267. DOI: 10.1093/intimm/
dxt062.

Sandborn WJ, Ghosh S, Panes J, et al. Tofacitinib, an
oral Janus kinase inhibitor, in active ulcerative colitis[J].
N Engl J Med, 2012, 367(7): 616-624. DOI: 10.1056/
NEJMoal112168.

Sands BE, Sandborn WJ, Feagan BG, et al. Peficitinib,
an oral Janus kinase inhibitor, in moderate—to—severe
ulcerative colitis: results from a randomised, phase 2
study[J]. J Crohns Colitis, 2018, 12(10): 1158-1169. DOI:
10.1093/ecco—jcelijy085.

Zeidan AM, Cook RJ, Bordoni R, et al. A phase 1/2 study
of the oral Janus kinase 1 inhibitors INCB052793 and
itacitinib alone or in combination with standard therapies
for advanced hematologic malignancies[J]. Clin Lymphoma
Myeloma Leuk, 2022, 22(7): 523-534. DOI: 10.1016/
j.clml.2022.01.012.

Borgaonkar MR, Pace D, Lougheed M, et al. Canadian
association of gastroenterology indicators of safety
compromise following colonoscopy in clinical practice[J].
Can J Gastroenterol Hepatol, 2016, 2016: 2729871. DOL:
10.1155/2016/2729871.

Steinbriick I, Pohl J, Grothaus J, et al. Characteristics
and endoscopic treatment of interventional and non—
interventional iatrogenic colorectal perforations in centers
with high endoscopic expertise: a retrospective multicenter
study[J]. Surg Endose, 2023, 37(6): 4370-4380. DOI:
10.1007/s00464-023-09920—z.

Zhou J, Liu J, Gao Y, et al. miRNA-based potential
biomarkers and new molecular insights in ulcerative
colitis[J]. Front Pharmacol, 2021, 12: 707776. DOI:
10.3389/fphar.2021.707776.

Hou J, Hu X, Chen B, et al. miR-155 targets Est—1 and
induces ulcerative colitis via the [L-23/17/6-mediated
Th17 pathway[J]. Pathol Res Pract, 2017, 213(10): 1289-
1295. DOI: 10.1016/j.prp.2017.08.001.

W H L. 2024 406 A 17 H &R H . 2024 45 10 H 06 H
ARGt ik i

SURARSC: XIMS, Bk, 2Eim, 4. Btz PEaim 9 N BT RIEAR SCRE N I 2R 5 0 ()], RO R 25272058, 2024, 37(10):
722-733. DOI: 10.12173/}.issn.1004-4337.202406093.
Liu P, Zhao L, Li ZY, et al. Comprehensive analysis of endoplasmic reticulum stress—associated genes of ulcerative colitis[J]. Journal

of Mathematical Medicine, 2024, 37(10): 722-733. DOI: 10.12173/}.issn.1004-4337.202406093.

https://slyyx.whuznhmedj.com/


https://pubmed.ncbi.nlm.nih.gov/34012116/
https://pubmed.ncbi.nlm.nih.gov/36217165/
https://pubmed.ncbi.nlm.nih.gov/22025201/
https://pubmed.ncbi.nlm.nih.gov/35986434/
https://pubmed.ncbi.nlm.nih.gov/25901973/
https://pubmed.ncbi.nlm.nih.gov/25901973/
https://pubmed.ncbi.nlm.nih.gov/33633749/
https://pubmed.ncbi.nlm.nih.gov/17476678/
https://pubmed.ncbi.nlm.nih.gov/16919486/
https://pubmed.ncbi.nlm.nih.gov/28365883/
https://pubmed.ncbi.nlm.nih.gov/24345760/
https://pubmed.ncbi.nlm.nih.gov/24345760/
https://pubmed.ncbi.nlm.nih.gov/22894574/
https://pubmed.ncbi.nlm.nih.gov/22894574/
https://pubmed.ncbi.nlm.nih.gov/29917064/
https://pubmed.ncbi.nlm.nih.gov/35260349/
https://pubmed.ncbi.nlm.nih.gov/35260349/
https://pubmed.ncbi.nlm.nih.gov/27446832/
https://pubmed.ncbi.nlm.nih.gov/36759355/
https://pubmed.ncbi.nlm.nih.gov/34305614/
https://pubmed.ncbi.nlm.nih.gov/28888763/

