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Abstract

miR-143 is one of the important microRNAs involved in regulating cellular processes
such as growth, differentiation, and cell death. Mustard gas (Sulfur Mustard, SM) is a
chemical agent known for its destructive effects on the lungs. The damage caused by SM
to lung cells can lead to changes in the expression of microRNAs, including miR-143.
The aim of this study was to investigate the effects of mustard gas on the expression of
miR-143 in the lung tissue of chemical warfare veterans. In this study,30 lung biopsy
samples were collected from chemical warfare veterans with varying degrees of damage
(10 samples with moderate damage and 10 samples with severe damage), along with 10
healthy control samples. Total RNA was extracted, and after cDNA synthesis, miR-143
expression was measured using Real-time PCR. U6snRNA was used as an internal
control, and GraphPad Prism version 6.07 software was used for statistical analysis. The
results showed a significant decrease in miR-143 expression in the lungs of chemical
warfare veterans compared to the control group. Specifically, in the severe damage group,
this decrease was much more pronounced than in the other groups (p < 0.0001). In the
moderate damage group, a less significant decrease was observed (p = 0.7602). ROC
curve analysis also showed that miR-143 could be considered a potential biomarker for
identifying lung damage caused by SM, though confirmation of these findings requires
further studies.
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Table 1. Clinical Characteristics of the Samples

Type Agel Sample Type Agel Sample Type Agel Sample
Gender Gender Gender
N1 60/Male Normal Cl1 42/Male Moderately SM-exposed patient Cl1 39/Male  Highly SM-exposed patient
N2 37/Male VI(\)IlourrIlItlZ?r C2 57/Male Moderately SM-exposed patient C12 49/Male  Highly SM-exposed patient
N3 38/Male VI(\)IlglrIIlItlz?r C3 46/Male Moderately SM-exposed patient C13 47/Male  Highly SM-exposed patient
N4 49/Male VI(\)Il(l)lITrlrtlz(;r C4 58/Male Moderately SM-exposed patient Cl4 39/Male  Highly SM-exposed patient
N5 44/Male VI(\)II(?IIIIIEZ? C5 43/Male Moderately SM-exposed patient C15 56/Male  Highly SM-exposed patient
N6 49/Male VI(\)II(;lrIIlItlé:lzr C6 57/Male Moderately SM-exposed patient C16 41/Male  Highly SM-exposed patient
N7 49/Male Vl(\)ll(l)llfrlrtlz(;r C7 42/Male Moderately SM-exposed patient C17 31/Male  Highly SM-exposed patient
N8 60/Male VI(\)II:IIIIIEZ? C8 47/Male Moderately SM-exposed patient C18 35/Male  Highly SM-exposed patient
NO 63/Male VI(\)II(;lrIIIItlé:lzr Cc9 40/Male Moderately SM-exposed patient C19 41/Male  Highly SM-exposed patient
N10 49/Male Vl(\)ll(l)llfrlrtlz(;r C10 48/Male Moderately SM-exposed patient C20 58/Male  Highly SM-exposed patient
volunteer
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Fig. 3. Comparison of miR-143 gene expression in samples from veterans and control samples (p < 0.0001). Analysis
of miR-143 expression in veterans with moderately SM compared to control samples (p = 0.7602). Analysis of miR-
143 expression in veterans with highly SM compared to control samples (p < 0.0001).



Sensitivity

b')&&h 9 ‘;Sj £0-0¢ Qw NEy :)L:.u-.dj LC"Q b)w urﬁ-\iﬂ JLw 5‘5)‘,3[? wh&;.....ij

A
e - 4[_,_17
«
o
© |
o
g R
o
o~
P
P value 6e-04
Specificity: 1
Sensitivity: 0.87
S AUC: 0.952
T T T T T T
1.0 0.8 06 04 0.2 0.0
Specificity

Sensitivity

o 4
)
«° 4
o
© 4
o
> J
o
o~
P
P value: 2e-04
Specificity: 1
Sensitivity: 0.94
S 1 AUC: 0984
T T T T T T
1.0 08 0.6 04 0.2 0.0
Specificity

Oy 53 ROC s B) .J 25 €505 s Moderately SM « Yo 01l 53 ROC jowe (A) ROC o )0 -t S

J S &es s Higly SM 4 S

Fig. 4. ROC curve analysis. (A) ROC curve for patients with moderately SM compared to control samples.
(B) ROC curve for patients with highly SM compared to control samples.

oo Sl anes 53 e oo SO ilS e
S0 Slon Oz 53 Ol & a5 5 A3k 5,
o MIR-143 awy ul 53 (VT A) cl (gu9,20
Sty s S Sl ble S Olsey
Oladlae (V) ol odd bl (554,08 5 ol
mﬁ;& 03 ot o MIR-143 48 Wlesls oL
Ll 5 slacsslon b dad o (S35 sladu] 3
Sla e )5 oisas microRNA 1 A4S
TR P S Ty Qe P [ S PR A PR
S sbslen oo cwl fts 5, gladl
2> Dl Ol 5 Sy S b tf}:i"i Lile
03 Ol ead saslis Wl 5 e miR-143 Ol C]GM
Al 4, gzl 5 bdle S5 sm slacdle
S MIR-143 o gn (sla il 51 S (YF (YY)
b IS 6 e, e WS e OF b
S b gl b5 el a3 s glass)
MiR-143 4 Llosls Ol Sliios (Je (6], oo

o)

Cou

22 e 2ot ole 5l S Olse 4 s
s Sdpbe 5 S5dm slatnl b 5l 5ok
F s O Ol Sldles s ol sl
» el sl p s Jeke slacdls
b S |3 ar g 3,0 4y dex Sl il glacil
s bdsSde ple bS5 Gk o o
SN sp Dl & 5 e o) 585 DS 5SS
SLS S pl asd e dghe D3 plasdisn
5Ll B a5 2l sladnl b s ohsa

(00) L5 s Gl & ol e 5 0
Wl il DS 5 S Llesls L lalllas
2 Sledzmy Sl AS1 5 e ((H2S) 055,548 A 5
ol s sl wdls 4y s ol glaagl
e (V) L2l s (50,08 5 ol slagaly
g NS la S s sl e JL18
badl Stocanl 5 el Gl isly ooyl

g 6 dims g O o Sy nl pd e



ob&.«.ﬁ K} Q;XS}S £0-0¢ Ql?ﬁ&.ué Ny bt.w.ﬂj gf}.} O‘)LA-:‘ cr.h-\-&.ﬁ JL.ﬂ gé_)j\? wu&;—wﬂ_}

23 Shwediyl oledbl Wlg e microRNA
Sl 4 ds Oblen Sl Conds o
Laasl cpl das s & el sls (2ST5 5 (605
Sl K Ol g miR-143 51 aslizal gl 1y aia
2l s bbb 5 Sy s el

() 45 s

& S domi

Ll e MiR-143 oS das o 0L ot Slellas
ol S el 65y sl o3 SlodiS s A

5 S gleanl s J xS 45 L & microRNA
oslizal 5l p VU Jowilty aS el 30 (55 b
05 Ledda sladle s o> 5 s Jf.'l.:u Ol gea
MiR-bLi 4 iz 5 b asls ) o slacoles
‘S 6“WT 2SS S se gls e L 143
3 SRS 3 g 0 Bl P e el 03 Rl G
A8 SLL LS g slagslen Oleys

‘;‘)JJ‘S})&:"
V.'sb’- Bl Al ads ;fi":’fi ffb & iS0s Aol sl
Lo )desme 385 ) yowassd Od (gdly adl S
G 5l Cgr Sl K3 e

6\.:.:
1. Ambros, V., 2004. The functions of
animal microRNAs. Nature, 431(7006):350-
355.

2. Bartel, D.P,, 2009. MicroRNAs: target
recognition and regulatory functions. Cell,
136(2):215-233.

3. Du, Y., Zhang, X., Li, H., Wang, J.,
2021. MicroRNA-143 as a key regulator in
chronic lung diseases and its therapeutic
potential. Frontiers in Medicine, 8: 457.

oY

Mol s & by o A0S ites 5 sbay Ll 0
Ol S b slad S50l 5 ity sla 55
AS S8 s el @i w5 s I3 Gl |
S8l 5 ol ials 5> microRNA -l (YE)
T L O | g T S P Py S
LS o Jor s J2s 00 Dl o 8 ol
S Olgea Llg e miR-143 (Sl s (V)
b &S Jes ol Glaanlp b sanS s
wle 4y oo Slagslen 3 AU Slacaul tals
MiR-143 ¢ pl 3 osMe (¥) A4S SaS COPD 5 ool
S o Wl S B 5 Gos b Gl e 2
s S SISt ol e 5 S s 5
Ll e Sy ol 4 S Ol o
L peies 5 sba MIR-143 o5 Lileols 0LaS Sl
s (b ad, 58t Las) TGE-P Lile ol Ll
D s Aol s aS (1 g5 03OS) COLIAL

LS (Sl (S5 o dme g 5l Ll e L5l
ol 0dE o 5o mIR-143 gla S5 ) (4 V)
Sy el LUK K Ol geas microRNA -l oS
T oo S Sl 53 Ledda b
Lod VT 51 56 o L L1 55 .(04) 55 8
e & el 3 Wl e MIR-143 ¢ Lo 3150
ot VT G 355 dsle oo lacduVT L
JB s a3 5 e o 30l s S
MR- o 53 Sl ds (V0) das 0L |, g 8
St Gl ot GlaediS s i Ll 5 e 143
AL b ples 51 56 e ULl 5 ke
MIR-143 &S Wlos S slgudey romen Slidos 5
Glacas] plbis gl ) S S Olge o
10) 5,5 513 eslizul 350 LasdiNT 51 36 (55,
53 oSS Jole S O peas miR-143 f gomes 53
Sisrd 3 W sl 5 Gy sl

L)':‘ QL:.» C]d.w DL C)‘ﬁ:aj k;.w‘ ol 4.:?-[.«..:1



b‘)&.@.ﬁ 3 Q;XS}: £0-0¢ Qt?ﬁ&.ué Ny bt.w.ﬂj g(}.} a_)u grﬁw JL.ﬂ gé_)j\? wu&;—-ﬁl_}

14. Sweeney, T., Brown, L., Garcia, R,
Nelson, F., 2018. Sulfur mustard and its
effects on respiratory function: A review of
clinical findings and pathophysiology.
Toxicological Sciences, 65(4):426-433.

15. Wu, J., Zhao, B., Zhang, H., Liu, G,
2020. MiR-143 as a biomarker for
environmental lung damage. Toxicology
Letters, 333:35-42.

16. Xie, H., Sun, Q., Wang, L., Cheng, Y.,
2021. Sulfur compounds and their roles in
lung diseases. International Journal of
Molecular Sciences, 22(1):21.

17. Yang, S., Li, F., Zhou, Y., Chen, K,
2020. MicroRNA-143 in chronic lung
disease: A new therapeutic target? Journal of
Thoracic Disease, 12(5):1827-1838.

18. Yang, X., Liu, Z., Zhao, M., Wang, N.,
2013. The role of microRNA-143 in the
regulation of fibrotic diseases. Biochimica et
Biophysica Acta (BBA) - Molecular Basis of
Disease, 1832(11):2155-2165.

19. Yang, Y., Zhao, X., Li, W., Sun, P,
2021. MicroRNA-143 as a novel therapeutic
target in pulmonary fibrosis. Molecular
Therapy-Nucleic Acids, 23:1-9.

20. Yang, Y., Wu, Q., Zhang, L., Chen, J.,
2021. MicroRNA-143 and environmental
pollutants: Implications for lung injury and

disease. Environmental Toxicology and
Pharmacology, 81:103507.

21. Zhang, Z., Xu, T., Wang, B., Liu, Y,
2020. The role of miR-143 in pulmonary

fibrosis and inflammation. Journal of
Cellular Physiology, 235(4):3312-3322.

22. Zhao L., Mal., Sun R., Yang W., 2020.
MicroRNA-143 regulates inflammation and
fibrosis in lung diseases. Scientific Reports,
10(1):11234.

23. Zhao, Y., Li, H., Chen, G., Wang, Q.,
2020. MicroRNA-143 in lung diseases: A
review. Journal of Medical Genetics,
57(6):381-388.

24. Zhao, Y., Zhou, X., Liu, P., Zhang, R.,
2020. MicroRNA-143 and its target genes in

oy

4. Du, Y, Zhang, X., Li, H.,, Wang, J.,
2021. The clinical potential of miR-143 in
lung diseases. Frontiers in Medicine, 8:457.

5. Feng, X., Liu, Y., Chen, J., Zhao, Q.,
2017. The role of miR-143 in fibrosis and its
potential as a therapeutic target. Cellular and
Molecular Biology Letters, 22(1):1-8.

6. Ji, Y., Sun, H., Liu, W., Zhao, K., 2019.
Hydrogen sulfide: A key player in
pulmonary diseases. Journal of Thoracic
Disease, 11(3):749-758.

7. Li, J., Wang, P., Chen, Y., Zhou, L.,
2018. The role of miR-143 in lung fibrosis
and inflammation. American Journal of
Respiratory Cell and Molecular Biology,
59(6):678-688.

8. Li, J., Zhang, T., Yang, X., Zhao, W.,
2020. The role of sulfur compounds in
inflammatory lung diseases. Journal of
Inflammation Research, 13: 307-319.

9. Li, Z., Qiu, H., Sun, Y., Zhao, L., 2018.
Role of miR-143 in pulmonary fibrosis.
American Journal of Respiratory and
Critical Care Medicine, 197(4):457-468.

10. Li, Z., Wu, M., Xu, Y., Huang, P., 2020.
Sulfur compounds in pulmonary
inflammation and fibrosis: The role of

hydrogen sulfide. Frontiers in
Pharmacology, 10:497.

11. Liu, J.,, Yang, D., Wang, X., Chen, F,,
2016. The role of miR-143 in the regulation
of inflammation and fibrosis in lung
diseases. Scientific Reports, 6: 24411.

12. Patterson, A., Jones, M., Smith, R.,
Clarke, P., 2015. Sulfur mustard-induced
lung injury and the role of microRNAs.

Journal of Toxicology and Environmental
Health, 78(7):368-378.

13. Pettigrew, G., Richards, B., Allen, D.,
White, S., 2017. Chronic lung disease in
survivors of sulfur mustard exposure: Long-
term effects and potential biomarkers.
Journal of Respiratory Medicine, 112:156-
164.



b‘)&.@.ﬁ 3 Q;XS}: £0-0¢ Qt?ﬁ&.ué Ny bt.w.ﬂj g(}.} a_)u grﬁw JL.ﬂ gé_)j\? wu&;—-ﬁl_}

the pathogenesis of pulmonary fibrosis.
Experimental and Therapeutic Medicine,
20(4):2961-2967.

0¢



