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ARTICLE INFO ABSTRACT

Keywords: Background: To date, the cause of inflammatory bowel disease (IBD) remains a mystery. A balance between cell
IBD proliferation and apoptosis maintains intestinal tissue homeostasis. Dissociation-induced myosin-actin contrac-
ISVII\I};HQ tion results in stem cell apoptosis. This study aiming to evaluate the influence of the myosin heavy chain 9

(MYH?9) gene single nucleotide polymorphisms (SNPs) on inflammatory bowel disease.

Subjects: and methods: The study carried on eighty patients with IBD and seventy controls. All participants
subjected to history taking, thorough physical examination, colonoscopy and laboratory investigations. Geno-
typing performed for rs4821480 and rs3752462 by SNP assay real-time PCR methods.

Results: On analyzing rs3752462 CT and TT genotypes were significantly more frequent in IBD patients as
compared to controls with 4.6 fold increase in the risk of IBD. While on analyzing rs4821480, The TG and GG
genotypes have significant increased distribution among the IBD patients as compared to the controls with 5.3
fold increase in the risk of IBD and higher prevalence of GG genotype in patients with low hemoglobin level and
higher BMIL

Conclusion: The rs3752462 T allele and rs4821480 G allele of MYH9 are associated with more susceptibility to

IBD.

1. Introduction

Inflammatory bowel disease (IBD) is a chronic inflammatory disease
affecting the intestine. It affecting many patients in Egypt and the
Middle East. However, starting a disease registry is highly crucial for
IBD, and establishing a specific unit for IBD is extremely important for
better diagnosis, treatment, and patients to care [1,2].

The intestinal mucosa acts as a barrier to protect the host from
dangerous pathological organisms and it is the site at which the in-
teractions with commensal organisms take place. These interactions
modify by the immune system in the intestine and play a part in immune
homeostasis. IBD can take place in the condition of disruption of this
homeostasis [3].

There are 2 types of stem cells of the gastrointestinal tract mucosa:
the rapid proliferating leucine-rich repeat having G protein-coupled
receptor 5 + ve (Lgr5 p) cells which preserve the intestinal homeosta-
sis, and the Bmil p (p 4) cells which play a part in the intestinal

regeneration after injury. These 2 stem cell types can interconvert in the
mucosa lining the intestine [4].

The MYH9 is a large gene localized on long arm of chromosome 22 at
position q12.3, spanning more than 106 kbp, encodes the non-muscle
myosin heavy chain IIA encodes the heavy chain of the non-muscle
myosin IIA (NMM-IIA) protein [5]. This protein is included in many
significant functions, involving the motility of the cell, cytokinesis, cell
shape maintenance, and specific functions like secretion. The MYH9
mutations are also, correlated with the occurrence of other disorders like
the giant platelet syndrome [6].

The NMM-IIA produced force for cell motility through catalyzing
ATP hydrolysis and plays a role in a broad range of cellular functions in
several cells, like mitosis, cell migration, and cell adhesion [7]. Many
studies documented that the dissociation-induced myosin-actin
contraction resulted in induced and embryonic stem cell apoptosis [8].

A number of correlated MYH9 SNPs, including four tagging SNPs
(rs4821480, rs2032487, rs4821481 and rs3752462) spanning introns
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12-23 (=14.9 kb), are highly associated with diseases. MYH9 rs3752462
SNP is located in intron 13, while rs 4821480 is located in intron 23 of
MYH9 gene. Their functional effect might be that this SNPs may
affecting the alternative splicing, or altering messenger RNA half-life
[9], this might introduce changes in a variable portion of the
non-helical tailpiece of the protein resulting in accumulation of a
non-functional protein. studies in mice provide evidence that Myh9 acts
as a tumor suppressor in certain types of cancer [10].

This study carried out to reveal if there is an association between the
s 4821480 and rs3752462 SNPs of the MYH9 gene and IBD.

2. Subjects and methods

This prospective case-control study conducted at Menoufia Univer-
sity Hospitals. The subjects included in the study were divided into two
groups; group I included 80 cases diagnosed with inflammatory bowel
disease and group II which included age and sex-matched 70 healthy
subjects as a control group. Informed consent obtained from all the

Biochemistry and Biophysics Reports 28 (2021) 101113

participants before starting the study. Besides, the local ethical com-
mittee of Menoufia University approved the study. All patients subjected
to complete history taking, thorough physical examination, colonoscopy
and laboratory investigation include occult blood tests.

The Research Ethical Committee of faculty of Medicine, Menoufia
University, approved the protocol. Written informed consent was ob-
tained from each participant.

Blood samples were taken from patients and controls to detect the
SNP of the MYH9 gene. This done in two main steps, first, whole blood
DNA extraction by Quick-genomic DNA™ MiniPrep kit, Zymo Research.
Second, the MYH9 SNPs (rs 3753462& rs4820480) were genotyped
using Real-Time PCR Instrument, Applied Biosystems®7500.

The genotype reaction mix was prepared using TagMan universal
master mix II (2x), supplied by Applied Biosystems, Foster City, USA,
2010. The manufacturer described probes: [VIC/FAM] for SNP2
(rs4821480) was: TTTTCCTAGATCAAAGGATAATTTT[G/T]AAAGGT-
CACGAGCTCCCCTGAAACA. For SNP1 (rs3752462) was: AGGTGT-
GAGGTCAAAGCAAGCCTGGI[C/T]
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Fig. 1. Allelic discrimination plot of rs4820480 SNP of MYH 9 gene.



A.E.E.-A. Abd Al-Aliem et al.

ACTCACTGGCTTCTCAATGAGGTCG. Both primers and probes pur-
chased from an Applied Biosystem, Foster City, USA, 2010. The fluo-
rescence generated by PCR amplification indicates which alleles are
present in the sample. Figure (1) shows the allelic discrimination plot of
rs4820480 SNP of the MYH 9 gene and figure (2) shows the allelic
discrimination plot of rs3752462 SNP of MYH 9 gene.

3. Statistical analysis

Data entered and analyzed using Microsoft Excel software. Data were
then imported into Statistical Package for the Social Sciences (SPSS 21.0,
IBM/SPSS Inc., Chicago, IL) software for analysis. Baseline characteris-
tics of the study population were presented as frequencies and per-
centages (%) or mean values and standard deviations (SD) or median
and interquartile range (IQR) (after testing of normality by Kolmogorov-
Smirnov and Shapiro-Wilk’s tests).

For comparison of data, the Chi-Square test (or Fisher’s exact test)
was used to compare two independent groups of qualitative data. For
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quantitative data, t-test and The Mann-Whitney test were used to
compare two groups of parametric and non-parametric quantitative data
respectively. F-test (ANOVA) and Kruskal Wallis test were used to
compare between more than two groups of parametric and non-
parametric quantitative data respectively. The Hardy-Weinberg
(HMW) test was used to show the equilibrium of alleles and genotypes
frequency in this population. Odds ratio: describe the probability that
people who are exposed to a certain factor will have a disease compared
to people who are not exposed to the factor. If one calculates the 95% CI
of the difference in means between two samples, and zero is within the
range of the 95% CI, then the P value will not be significant at the level
less than 0.05.

4. Results
Starting with demographics, age and gender were not significantly

different between cases and controls (p > 0.05). However, there was a
statistically significant difference between cases and controls regarding
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Fig. 2. Allelic discrimination plot of rs3752462 SNP of MYH 9 gene.
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BMI (p < 0.001). Table (1) illustrates these data.

Regarding the presentations reported, a fecal occult blood test was
positive in all cases while it was negative in all controls included in the
current study (p < 0.001). As regards CBC parameters analyzed in the
included subjects, it was evident that hemoglobin, leucocytes count, and
platelets were significantly higher in controls compared to IBD cases (p
< 0.05). These data are not shown.

The genotypes distribution of rs4821480, which consistent with
HMW in the IBD cases and control group exposed that, the TG, GG ge-
notypes, and the combination of TG + GG genotypes were significantly
more prevalent in the IBD group as compared to the control group. The
odds ratio of the G allele in the IBD group was 5.93 fold Table (2) il-
lustrates these results.

While, the genotypes distribution of rs3752462, which consistent
with HMW in the IBD and control group revealed that, The CT, TT ge-
notype, and the combination of CT + TT genotypes were significantly
more frequent in the IBD group as compared to the control group. The
odds ratio of the T allele in the IBD group was 3.792 fold. Table (3) il-
lustrates these results.

The most frequent haplotype in IBD patients was GT’ (the two
mutant alleles) while the most frequent haplotype in controls was TC’
(the two wild alleles with a non-significant linkage disequilibrium of
haplotypes of these two SNPs, Table (4).

On analyzing rs4821480 in IBD cases, although the GG genotype had
significantly lower hemoglobin levels compared to the other two ge-
notypes, genotype, it was significantly associated with higher BMI,
Table (5).

Univariate and multivariate analysis revealed that BMI, hemoglobin
level, WBC count, platelet count and TT genotype of rs3752462 were
independent predictors, Table (6).

5. Discussion

Inflammatory bowel disease is a multifactorial disease that affected
by a combination of environmental and genetic factors; the definite IBD
etiology is still unrecognized [1].

Many studies utilized genetic and pharmacologic inhibition of the
heavy chains NM 1II to evaluate their importance in the monolayers
model of the intestinal mucosa. These studies concluded that first, the
motor activity of NM II is critical for the standard barrier properties
preservation of these layers. Second, NM II has a significant re-
sponsibility in regulating the junctional remodeling by motivating 2
phases against each other: junctional assembly and reassembly. Third,
the heavy chain of NM IIA works as a vital AJ/TJ functions regulator
[11-13].

In several previous studies, the expression of MYH9 proved to be as
an indicator to observe the progression and prognosis of gastrointestinal
tract [14-19].

Another study found that MYH9 down-regulated many small inter-
fering RNAs (siRNAs) in pancreatic cancer patients, and the down-
regulation of tumor suppressor genes led to the occurrence of tumors
[20].

A modern study on mice evaluating the specific NM IIA knockout in
the epithelium of the intestine documented that the NM IIA loss was
reasonable to increase the GIT barrier permeability and to stimulate low-
grade inflammation in the intestine and elevates the sensitivity of the
animal to colitis, which lead to severe erosion of the epithelium and
more barrier breakdown exacerbation [21].

The interactions of heavy chain with proteins, which bind to myosin,
as well as specific heavy chain of NM IIA phosphorylation may have a
relation with abnormal cytoskeleton organization in the intestinal
epithelium lead to inflammation development in the intestine [22].

Several mutations have been identified in MYH9 gene lead to what is
called MYHO related diseases (MYH9-RD). In most cases, they are single
nucleotide substitutions that affect either the head domain or the coiled-
coil region of the tail domain [23].

Biochemistry and Biophysics Reports 28 (2021) 101113

Table 1
Demographic data of the studied groups.

Control (n =70)  Test of Sig. P

IBD (n = 80)

No. % No. %
Sex
Male 40 50.0 41 58.5 v = 0.798
Female 40 50.0 29 41.5 0.453
Age (years)
Mean =+ SD. 31.77 £ 10.05 29.10 +9.07 U =3.126 0.210
Median (IQR)  30.0(27.0-35.0) 29.0(21.0-34.0)
BMI (Kg/m?)
Mean =+ SD. 23.98 + 2.43 27.95 + 4.39 U =16.033*  <0.001*
Median (IQR) 24.0(22.0-26.0) 27.34

(24.79-29.76)

Hb level (gm/dl)
Mean =+ SD. 11.83 +1.47 12.77 + 0.80 t=6.26% 0.002*
Median (IQR) 11.80 13.10

(11.0-13.0) (12.2-13.2)
TLC (x10%/pl)
Mean =+ SD. 5.68 + 1.42 6.83 + 0.55 t =7.96* 0.001*
Median (IQR)  5.35(4.60-6.90) 6.90(6.40-7.40)
Platelets (x10%/pl)
Mean + SD. 172.17 £+ 52.57 223.2 + 42.04 t=10. 4% <0.001*

Median (IQR) 170.0 218.0
(153.0-191.0) (217.0-265.0)

IQR: Interquartile Range BMI: body mass index y% Chi Square.
U: Mann-Whitney test t: t-test *: Statistically significant at p < 0.05.

Table 2
MYH9 SNP rs4821480 in IBD and Controls groups.
154821480 IBD (n = Control (n p OR (95%CI)
80) =70)
No. % No. %
SNP
TT® 44 55 60 85.7 1.000 -
TG 24 30 10 143 > =6.02 OR 3.706
P = 0.038* (1.075-12.772)
GG 12 15 0 0.0 - -
TG + GG 36 45 10 143 x2=74p= OR 5.353
0.005* (1.640-17.473)
Allele
T™® 112 70 130 92.8 1.000 -
G 48 30 10 7.2 =84 OR 5.930
P =0.001* (2.044-17.208)

OR: Odds ratio CI: Confidence interval The results are consistent with HMW.

Table 3
MYH9 SNP rs3753462 in IBD and Controls groups.
1s3752462 IBD (n = Control (n P OR (95%CI)
80) =70)
No. % No. %

SNP

CC® 26 325 49 70.0 1.000 -

CT 32 40.0 15 21.4 ;(2 =49 OR 3.733
P= (1.211-11.513)
0.022*

TT 22 275 6 8.6 =53 OR 7.467
P= (1.648-33.821)
0.009*

CT + TT 54 67.5 21 30,0 x*=6.8 OR 4.667
P= (1.689-12.898)
0.003*

Allele

c® 84 525 113 80.7 1.000 -

T 76 475 27 193 ,*=88 OR 3.792
P= (1.779-8.080)
0.001*

OR: Odds ratio CI: Confidence interval The results are consistent with HMW.
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Table 4
Linkage disequilibrium between MYH9 rs4821480 and rs3753462 gene
polymorphisms.

Total sample (n = 300) Group I (n = 160) Group II (n = 140)

D ~0.053 —0.051 ~0.026
D ~0.056 -0.337 ~0.202
r? 0.003 0.045 0.013
»2 0.458 3.640 1.074
P >0.05 >0.05 >0.05

D: Linkage disequilibrium D’: standardization of D.

Outside the gastrointestinal tract, the polymorphisms of the (MYH9)
gene have been claimed in dissimilar kidney diseases, as well as in
diabetic nephropathy [24].

The role of MYH9 in cell motility and division, as it is crucial in the
development and differentiation of skeletal muscle, Ablation of MYH9
resulted in the alteration of podocyte actin cytoskeletal structure and
focal adhesion distribution, decreased cell attachment and contractility
as well as increased cell motility [25].

In the present study, The CT and TT genotypes of MYH9 rs3752462
were significantly higher prevalence in the IBD patients with T allele has
3.79-fold increase risk of IBD. While, on analyzing rs4821480 of MYH9,
it was evident that the GG genotype had a significantly higher preva-
lence in IBD cases with G allele has 5.93-fold increase risk of IBD.
Moreover, the GG genotype had significantly lower hemoglobin levels
and higher BMI compared to the other two types. To the best of our
knowledge, the polymorphisms in the MYH9 gene concerning IBD not
tested before.

MYH9 protein is one of the differentially expressed proteins func-
tioned in digestive system development and its function, inflammatory
disease, and developmental disorders [26].

MYH9 overexpression in colorectal cancer (CRC) have a positive
correlation with poorer prognosis. MYH9 may acts as an enhancer of
cancer aggressiveness by promoting EMT via MAPK/AKT signaling
activation [27]. Also, studies have also found that MYH9 interacts with
Deleted in liver cancer 1 (Dlcl) gene and Rac 1 activation [28].

Further studies are required to explain the mechanism regulate
functions of NM IIA in the epithelium of the intestine in the state of
health and inflammation of gastrointestinal tract.
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6. Conclusion

The MYH9 gene polymorphism may be associated with the patho-
genesis of IBD. The rs4821480 G allele and rs3752462 T allele of MYH9
gene associated with more susceptibility to IBD and GG genotypes of
rs4821480 associated with anemia and overweight.
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Table 6
Univariate and multivariate analysis for the parameters affecting patient’s vs
control.

Univariate #Multivariate
p OR (95%C.I) p OR (95%C.I)
Sex (female) 0.502 1.353 - -
(0.560-3.267)
Age (years) 0.463 1.018 - -
(0.971-1.066)
BMI (Kg/m2) 0.001* 1.302 0.004*  1.413(1.118-1.786)
(1.111-1.525)
Hb level (gm/  0.002* 0.473 0.041*  0.497(0.255-0.971)
dn (0.295-0.758)
TLC (x103/ 0.001* 0.462 0.026*  0.511(0.282-0.924)
ul) (0.291-0.735)
Platelets <0.001* 0.979 0.041* 0.985(0.971-0.999)
(x103/pl) (0.969-0.990)
rs4821480
TT®
TG 0.052 3.208 - -
(0.988-10.419)
GG 0.999 - - -
13753462
cc®
CT 0.046* 2.904 0.342 2.016(0.475-8.562)
(1.020-8.266)
TT 0.008* 6.844 0.006*  22.552

(1.651-28.382) (2.454-207.261)

OR: Odd’s ratio, C.I: Confidence interval, *: Statistically significant at p < 0.05.
- All variables with p < 0.05 was included in the multivariate.

Table 5
Relation between rs4821480 and different parameters in IBD group.
154821480 Test of sig. p
TT (n = 44) TG (n = 24) GG (n=12)
No. % No. % No. %
Sex
Male 23 52.27 10 45.8 6 50.0 x2 = 0.347 1.000
Female 21 47.73 14 58.2 6 50.0
Age (years)
Mean + SD. 30.65 + 9.66 34.33 £ 12.70 30.75 + 4.57 H =0.971 0.615
Median 29.0 30.0 32.50
BMI (Kg/m?)
Mean + SD. 24.31 + 3.86 26.35 + 3.27 28.99 + 3.82 H =7.822* 0.020*
Median 24.37 26.66 28.10
Hb level (gm/dl)
Mean + SD. 12.64 + 1.06 11.30 + 0.94 9.58 £ 1.05 F =16.229* <0.001*
Median 12.60 11.0 9.35
TLC (x10%/pl)
Mean + SD. 5.93 £ 1.66 543 £1.18 5.13 £0.35 F =0.698 0.506
Median 5.90 5.40 5.30
Platelets (x10%/, ub
Mean + SD. 186.47 + 54.99 167.56 + 47.15 121.75 + 6.85 F=23817 0.077
Median 180.0 160.0 123.50

¥ Chi square test H: Kruskal Wallis test F: ANOVA test *: Statistically significant at p < 0.05.
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Summary

Inflammatory bowel disease is a multifactorial disease, affected by a
combination of environmental and genetic factors. The genetic etiology
of IBD is still unclear. This is the first study carried out to reveal if there
is any association between two SNPs of MYH9 gene and IBD. This study
concluded that MYH9 gene polymorphism might be associated with the
pathogenesis of IBD.

Declaration of competing interest
The authors declare that they have no conflict of interest.
Acknowledgement

We acknowledge the central laboratory unit, faculty of Medicine,
Menoufia University for providing us with the necessary instruments for
completion of the study.

References

[1] D.S. Shouval, P.A. Rufo, The role of environmental factors in the pathogenesis of
inflammatory bowel diseases: a review, JAMA pediatrics 171 (10) (2017)
999-1005.

[2] S.C. Ng, H.Y. Shi, N. Hamidi, F.E. Underwood, W. Tang, E.I. Benchimol, et al.,
Worldwide incidence and prevalence of inflammatory bowel disease in the 21st
century: a systematic review of population-based studies, The Lancet 390 (2017)
2769-2778, 10114.

[3] K.J. Maloy, F. Powrie, Intestinal homeostasis and its breakdown in inflammatory
bowel disease, Nature 474 (7351) (2011) 298-306.

[4] K.S. Yan, L.A. Chia, X. Li, A. Ootani, J. Su, J.Y. Lee, et al., The intestinal stem cell

markers Bmil and Lgr5 identify two functionally distinct populations, Proc. Natl.

Acad. Sci. Unit. States Am. 109 (2) (2012) 466-471.

C. Arrondel, N. Vodovar, B. Knebelmann, J.-P. Griinfeld, M.-C. Gubler, C. Antignac,

et al., Expression of the nonmuscle myosin heavy chain IIA in the human kidney

and screening for MYH9 mutations in Epstein and Fechtner syndromes, J. Am. Soc.

Nephrol. 13 (1) (2002) 65-74.

[6] J.B. Kopp, Glomerular pathology in autosomal dominant MYH9 spectrum
disorders: what are the clues telling us about disease mechanism? Kidney Int. 78
(2) (2010) 130-133.

[7]1 S. Lechuga, A.L Ivanov, Disruption of the epithelial barrier during intestinal
inflammation: quest for new molecules and mechanisms, Biochim. Biophys. Acta
Mol. Cell Res. 1864 (7) (2017) 1183-1194.

[8] A. Leal, S. Endele, C. Stengel, K. Huehne, J. Loetterle, R. Barrantes, et al., A novel
myosin heavy chain gene in human chromosome 19q13. 3, Gene 312 (2003)
165-171.

[9] V.S. Colares, S.M.O. Titan, A.C. Pereira, P. Malafronte, M.M. Cardena, S. Santos,
MYH9 and APOL1 gene polymorphisms and the risk of CKD in patients with lupus
nephritis from an admixture population, PloS One 9 (2014), e87716.

[5

—

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Biochemistry and Biophysics Reports 28 (2021) 101113

A. Pecci, X. Ma, A. Savoia, S. Adelstein R, MYH9 Structure, functions and role of
non-muscle myosin IIA in human disease, Gene 664 (2018) 152-167.

A.L Ivanov, D. Hunt, M. Utech, A. Nusrat, C.A. Parkos, Differential roles for actin
polymerization and a myosin II motor in the assembly of the epithelial apical
junctional complex, Mol. Biol. Cell 16 (6) (2005) 2636-2650.

A.L Ivanov, I.C. McCall, C.A. Parkos, A. Nusrat, Role for actin filament turnover
and a myosin II motor in cytoskeleton-driven disassembly of the epithelial apical
junctional complex, Mol. Biol. Cell 15 (6) (2004) 2639-2651.

A.L Ivanov, M. Bachar, B.A. Babbin, R.S. Adelstein, A. Nusrat, C.A. Parkos,

A unique role for nonmuscle myosin heavy chain IIA in the regulation of epithelial
apical junctions, PloS One 2 (8) (2007).

L. Cheng, X. Tao, Y. Qin, J. Wang, J. Xu, H. Ci, et al., Aberrant expression of MYH9
and E-cadherin in esophageal squamous cell carcinoma and their relationship to
vasculogenic mimicry, Int. J. Clin. Exp. Pathol. 12 (6) (2019) 2205.

D. Liu, L. Zhang, Z. Shen, F. Tan, Y. Hu, J. Yu, et al., Clinicopathological
significance of NMIIA overexpression in human gastric cancer, Int. J. Mol. Sci. 13
(11) (2012) 15291-15304.

S. Liang, L. He, X. Zhao, Y. Miao, Y. Gu, C. Guo, et al., MicroRNA let-7f inhibits
tumor invasion and metastasis by targeting MYH9 in human gastric cancer, PloS
One 6 (4) (2011).

D. Schramek, A. Sendoel, J.P. Segal, S. Beronja, E. Heller, D. Oristian, et al., Direct
in vivo RNAIi screen unveils myosin Ila as a tumor suppressor of squamous cell
carcinomas, Science 343 (6168) (2014) 309-313.

Z. Xia, Y. Yuan, N. Yin, B. Yin, Z. Tan, Y. Hu, Nonmuscle myosin IIA is associated
with poor prognosis of esophageal squamous cancer, Dis. Esophagus 25 (5) (2012)
427-436.

S.-Y. Park, H. Kim, S. Yoon, J.A. Bae, S.-Y. Choi, Y. Do Jung, et al., KITENIN-
targeting microRNA-124 suppresses colorectal cancer cell motility and
tumorigenesis, Mol. Ther. 22 (9) (2014) 1653-1664.

K.V. Ravi, M. Sasikala, S. Ua, R. Talukdar, G. Rao, P. Rebala, et al., Human
transcriptome array reveals association of spliced transcripts of GAS5 and MYH9
genes and aberrantly expressed small nuclear RNA in oncogenic transformation of
chronic pancreatitis to pancreatic cancer, Gastroenterology 152 (5) (2017) S640.
N.G. Naydenov, A. Feygin, D. Wang, J.F. Kuemmerle, G. Harris, M.A. Conti, et al.,
Nonmuscle myosin IIA regulates intestinal epithelial barrier in vivo and plays a
protective role during experimental colitis, Sci. Rep. 6 (1) (2016) 1-13.

N.A. Mack, M. Georgiou, The interdependence of the Rho GTPases and apicobasal
cell polarity, Small GTPases 5 (2) (2014), e973768.

W.H. Kahr, A. Savoia, F.G. Pluthero, L. Li, H. Christensen, D. De Rocco,
Megakaryocyte and platelet abnormalities in a patient with a W33C mutation in
the conserved SH3-like domain of myosin heavy chain IIA, Thromb.Haemost. 102
(2009) 1241-1250.

E. Asdadollahpour, M. Daneshpour, B.S. Khayat, A. Hashemiaghdam, M.M. Amoli,
M. Qorbani, et al., Non-muscle myosin heavy chain 9 genes (MYH9) polymorphism
(rs4821481) is associated with urinary albumin excretion in Iranian diabetic
patients, Iran. Red Crescent Med. J. 19 (1) (2017).

P.A. Bondzie, H.A. Chen, M.Z. Cao, J.A. Tomolonis, F.F. He, M.R. Pollak, et al.,
Non-muscle myosin-IIA is critical for podocyte F-actin organization, contractility,
and attenuation of cell motility, Cytoskeleton 73 (2016) 377-395.

Y. Mu, Y. Chen, G. Zhang, X. Zhan, Y. Li, T. Liu, G. Li, M. Li, Z. Xiao, X. Gong,
Z. Chen, Identification of stromal differentially expressed proteins in the colon
carcinoma by quantitative proteomics, Electrophoresis 34 (11) (2013 Jun)
1679-1692.

B. Wang, X. Qi, J. Liu, R. Zhou, C. Lin, J. Shangguan, Z. Zhang, L. Zhao, G. Li,
MYH9 promotes growth and metastasis via activation of MAPK/AKT signaling in
colorectal cancer, J. Canc. 10 (4) (2019 Jan 29) 874-884.

M.G. Sabbir, R. Dillon, M.R. Mowat, Dlc1 interaction with non-muscle myosin
heavy chain II-A (Myh9) and Rac1 activation, Biol Open 5 (2016) 452-460.


http://refhub.elsevier.com/S2405-5808(21)00208-9/sref1
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref1
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref1
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref2
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref2
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref2
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref2
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref3
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref3
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref4
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref4
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref4
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref5
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref5
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref5
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref5
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref6
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref6
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref6
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref7
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref7
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref7
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref8
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref8
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref8
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref9
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref9
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref9
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref10
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref10
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref11
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref11
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref11
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref12
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref12
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref12
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref13
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref13
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref13
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref14
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref14
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref14
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref15
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref15
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref15
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref16
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref16
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref16
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref17
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref17
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref17
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref18
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref18
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref18
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref19
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref19
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref19
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref20
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref20
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref20
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref20
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref21
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref21
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref21
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref22
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref22
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref23
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref23
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref23
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref23
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref24
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref24
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref24
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref24
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref25
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref25
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref25
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref26
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref26
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref26
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref26
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref27
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref27
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref27
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref28
http://refhub.elsevier.com/S2405-5808(21)00208-9/sref28

	Association of the myosin heavy chain 9 gene single nucleotide polymorphism with inflammatory bowel disease
	1 Introduction
	2 Subjects and methods
	3 Statistical analysis
	4 Results
	5 Discussion
	6 Conclusion
	Author’s contribution
	Funding sources
	Summary
	Declaration of competing interest
	Acknowledgement
	References


