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MicroRNA (miR, miRNA) 1a mét phan tir RNA nhé c6 chiéu
dai tir 20 dén 25 nucleotide quy dinh sy biéu hién ciia gene bang
cach lién két dic hiéu véi trinh ty 3°UTR trén mRNA dich. Trudc
day, ching toi nhan thdy miR-146b-5p tuan hoan ting dang ké
trong huyét thanh ctia bénh nhan Thodi Hoa Khép (THK) va c6 thé
c6 tiém nang rat 16n dé chan doan bénh sém. Tuy nhién, chirc ning
cia miRNA nay trong THK van chua dugc biét va can dugc xac
dinh. Vi vay, nghién ctru ndy dugc thuc hién nham xac dinh chuc
ning miR-146b-5p trong té bao chondrocyte. Cong cu tin sinh hoc
duoc thuc hién dé du doan cac con duong tin hiéu tiém nang co
tuong tac voi miRNA-146b-5p trong té bao chondrocyte. Trong d6
dir liéu giai trinh ty thé hé mdi cho mRNA c6 thé duoc biéu hién
trong t& bao khdp c6 sin trude dé duoc st dung. Dit liéu cho thiy
miR-146b-5p c6 thé twong tac véi mot sd con duong tin hidu quan
trong bao gém Wnt, Notch, Toll like receptor, P38 MAPK, Anti
apoptosis, Adhesion, Cadherin, Intergin. Do do, su biéu hién bt
thuong ctia microRNA 146-5p c6 thé dan dén dén thoai hoa khdp
it nhat c6 thé 1a do rdi loan cac dudng truyén tin hiéu nay.

ABSTRACT

MicroRNA (miR, miRNA) is a small RNA molecule between
20 and 25 nucleotides in length that regulates gene expression by
specifically binding to a sequence in 3’UTR on the target mRNA.
We previously found circulating miR-146b-5p increased
significantly in the serum of patients with Osteoarthritis (OA) and
might have huge potential for early disease diagnosis. However,
the function of this miRNA in OA was still unknown and needs to
explore. This research aimed to identify miR-146b-5p function in
chondrocyte. Bioinformatics was performed to predict the
potential signaling pathways miRNA-146b-5p interacting in
chondrocyte in which Next-generation sequencing data is available
for mRNA expressed in primary cells. Data showed that miR-
146b-5p could interact with several crucial signaling pathways,
including Wnt, Notch, Toll-like receptor, P38 MAPK, Anti
apoptosis, Adhesion, Cadherin, Intergin. Therefore, abnormal
expression of microRNA 146-5p could lead to osteoarthritis at
least through the disorder of these signaling pathways.
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1. Gigi thi¢u

MicroRNA 1a mot nhém RNA c6 kich thuéc tir 20 dén 25 nucleotide, ¢ chitc ning diéu
hoa biéu hién gene bang cach gan dic hiéu véi mot trinh ty trén mRNA dich (Bartel, 2004). Sy
biéu hién bat thuong cta cac miRNA trong bénh THK di dugc chimg minh trong nhiéu nghién
ctru (Diaz- Prado et al., 2012; Le et al., 2016; Nakamura, Inloes, Katagiri, & Kobayashi, 2011)
MicroRNA tuin hoan la cac miRNA duo’c phat hi¢én trong cac dlCh ngoai bao cua co thé nhu
mau ngoai vi (huyét twong, huyét thanh), dich hoat khép, nude tiéu hodc nudc bot. MicroRNA
tudn hoan c6 thé 1a san pham phu cta té bao hoic 1a phan tir trung gian trong con dudng truyén
tin phan anh tinh trang bénh 1y cua té bao (Turchinovich, Samatov, Tonevitsky, & Burwinkel,
2013). MicroRNA tuan hoan 1 phan tir tiém ning trong chin doan bénh va diéu tri bénh do phan
tir ndy rat bén khi luu théng trong mau, thoi gian ban ra dai (khoang 05 ngay trong huyét thanh)
(Gantier et al., 2011), khong bi phan hily boi Rnase, c6 thé duy tri 6n dinh ¢ nhiét 46 phong va
trong cac diéu kién bat lgi cua viéc giai dong nhiéu lan (Chen et al., 2008; Mitchell et al., 2008),
dic biét 1a viéc 1dy mau khong gy xam lan & bénh nhan. MicroRNA tuin hoan di duoc ching
minh 13 ddu ching sinh hoc quan trong cho nhiéu bénh nhu tiéu dudng type II (Guay & Regazzi,
2013), Parkinson, cao huyét ap, loang xuong, ung thu (Kumar, Vijayan, Bhatti, & Reddy, 2017).

Rat nhiéu nghién ctru da tim thay sy biéu hién bat thudng cia miRNA tuan hoan & ngudi
bénh THK so voi nguoi binh thuong. Cac miRNA biéu hién qua murc trong huyét twong ctia
bénh nhan THK bao gém miR-16, miR-20b, miR-19¢, miR-30b, miR-93, miR-126, miR-184,
miR-186, miR-195, miR-345 va miR-885-5p (Cuadra, Gonzalez-Huerta, Romero-Cordoba,
Hidalgo-Miranda, & Miranda-Duarte, 2014), miR-146a, miRNA-19b-3p, miR-122-5p va miR-
486-5p. MicroRNA giam biéu hién & huyét thanh bénh nhan THK 1a miR-132, miR-33b-3p,
miR-140-3p va miR-671-3p (Ntoumou et al., 2017), miRNA-19b-3p, miR-122-5p va miR-486-
5p tang trong huyét thanh mau THK (Kong, Gao, Si, & Zhao, 2017). Céc nghién ctru sau nay
tiép tuc tim ra cic miRNA khac c6 biéu hién bat thuong gitra ngudi bénh THK va ngudi binh
thuong (Al et al., 2020; Feng et al., 2020; Rousseau et al., 2020; Xie et al., 2019).

Tai Viét Nam, ching t6i dd xac dinh miR-146b-5p ting trong THK va 14 phan tir tiém
nang hd tro trong chan doan THK trong twong lai. Tuy nhién, trude khi tién hanh xay dung quy
trinh chan doan sir dung trong 1am san, viéc xac dinh chltc nang cua miR-146b-5p trong té bao
khép cung cap thong tin 1am nén tang dé khang dinh tiém ning ciia miR-146b-5p nhu cong cu
chan doan bénh.

Chtric nang cia miRNA dugc thuc hién thong qua su twong tac gitta vi tri seed site trén
miRNA va trinh tu muc tiéu ctia n6 trén ving 3’UTR ctia mRNA. C6 nhiéu cong cu tin sinh hoc
¢ thé dy doan duge cac mRNA thong qua xac dinh sy tuong tac nay. Tuy nhién, s6 liéu thu
dugc tir sy twong tac nay thuong rat nhiéu voi nhidu truong hop khong chinh xac khi kiém ching
lai bang thuc nghiém. Mot trong nhitng nguyén nhan 13 do mot s6 mRNA chi duoc biéu hién
trong mot loai t& bao cu thé. Do vay, trong nghién ctu nay chung t6i thuc hién xac dinh chirc
ndng cia miRNA 146b-5p g10’1 han trong té bao khép. Két qua phan tich cho thdy miRNA-146b-
5p c6 thé twong tac voi mot sd con duong truyén tin hiéu quan trong. Tir 40, o thé thiy sy bién
d6i bat thudng ciia miR-146b-5p c6 thé 1a nguyén nhan dan téi nhimng thay do6i bat thudng trong
té bao khop va tir d6 dan t6i bénh.

2. Vat liéu va phwong phap

2.1. Céc cong cu tin sinh hoc sir dung dé xdc dinh vi tri di truyén ciia miR-146b-5p

Vi tri cia miRNA-146b-5p dugc xac dinh br:ing co s¢ dir liéu Gene cua NCBI (n.d.),
miRBase (n.d.).
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2.2. Dy dodn cdc dich truc tiép clia miRNA-146b-5p

Trinh ty 3’UTR cua cdc mRNA trong bo gene dugc tai vé tr co s dit liéu Ensembl
Genome browser (n.d.). Cac mRNA ¢6 vi tri gan cia mRNA 146b-5p dugc xéac dinh bang R-
Studio.

2.3. Dw dodn chirc nang cua miRNA-146b-5p

Du doan chirc ning cia miRNA-146b-5p bang David Bioinformatics Resources (n.d.) va
Panther (n.d.).

3. Két qua nghién ctru va théa luin
3.1. Két qua
3.1.1. Vi tri di truyén ciia miR-146b-5p

Thuc hién xac dinh vi tri cia miR-146 trén by gene nguoi béng co sé dir liéu Gene cua
NCBI. Vi tri cia miR-146b trén bd gene nguoi the hién trong Hinh 1.

Genomic Sequence: \ NC_000010.11 Chromosome 10 Reference GRCh38.p13 Primary Assembly V|

& = NC_000010.11 ~ | Find: 3 <3 E> @, | i : == A< Tools - #Tracksv ¥ Download~ & 7 -

Genes, NCBI Homo sapiens Annotation Release 109.20210226
FED MIRI4EE [-]
HHi————t-Hi- - Hll— e i atisasoss 2 HR_P3E163.1 HNBL7BIGESE
HH————HI-=H—Hl— #1517eie424.2 hsa-miR-1466-5p WM B TBIEEELL
HH—t——HF=—Hl———= 1 Bez7egec2 hsa-miR-14E6-3p HM_BI7HIEEEH.L
HHi——t+——HF=—Hl——— :n_ucz99681 HM_BI7HIEEEZ.1
HtH—t—+—f-Hl=k-—H——— hr_paizresss.2 HH_PITBIEEET.L
HtH————t~Hi<E—Hl— xairaiedast HH_p11540150.2
HH————tHi<k-—Hl— in_naz77ras HHpBE7L7573.3
BH—Hi———— nre7aiez RM_BE4443171L
CUEDEE HH_B1IS4B163.2
HF 5765452 [HHH— HH_p24846; HH_AI7AIGE54L
HH_B24446172.1
FesLLs HM_BBEPITIT4.3
w1 peczreras.z (= —HIH xFseszrezec HH_PLFRIEESE.2 —_—
#M_esz7e1sl s [——HHIH xF_seczrezes HH_BIIS4RIED T —_—
sretraicestl [~HHIH #Fsiesvz1za0 4IN_B244481731 ———J—H
Hi_pz4zzea [HIH v e77302.3 HH_A24755 4 —_—
Hi_oe1zar2s41 FHEIH WP paizrez231 HH_ATIG4AIET 2 —F
wH_ptreteess. H—H
C1BorfI5-ASL
HR_A389371 He—-——
NR_8339381 H—t—
C18ari3s
P pe1zeeses. [ M pe1zesss0l
S 2 nc_000010.11 - | Find: Ylapla @ i 22 I A Tools v | £¥ Tracks = #, Download » @ 7 -

Genes, NCBI Homo =sapiens Annotation Release 109.20210226

Hinh 1. Vi tri cia miR-146b-5p trén bd gene nguoi

MicroRNA 146 nam trén NST s6 10, md s6 NR_030169.1 tai vi tri 102,436,512 dén
102,436,584 ¢6 kich thude 73 nucleotide (Hinh 1). MiR-146b khong nam trong ving mé hoa cta
bat ky mot gene nay. Pay 1a mot intergenic miRNA. Trinh ty miR-146b-5p nam tir vi tri
102,436,520 dén 102,436,542 c6 kich thudc 23 nucleotide. Tuong tw, miR-146b-3p nam tir vi tri
102,436,557 dén 102,436,578 c6 kich thude 22 nucleotide.

Thuyc hién xac dinh cdu tric cta tién miRNA-146b va miR-146b-5p va 3p bang co so dit
li¢u miRbase (miRbase.org). Két qua dugc thé hién trong Hinh 2.
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A. Pre-miR-146b
miR-146b-5p

. u G AU CU GA Y-
5 CC GGCACU AGAACUGA UCCAUAGG GU GC ¢

3 GG CCGUGG UCUUGACU _AGGUGUCC UA CG. 4]
B\ C o Cc CG -A

A
miR-146b-3p

B. miR-146 family

miR-146b-5p 5 — UGAGAACUGAAUUCCAUAGGCU - 3’

miR-146a-5p 5 - UGAGAACUGAAUUCCAUGGGUU - 3’

miR-146b-3p 5 - UGCCCUGUGGAUCAGUUCUGG - 3

miR-146a-3p or miR-146a* 5 — CCUCUGAAAUUCAGUUCUUCAG -3’

Hinh 2. Céu tric va trinh ty ctia MicroRNA 146b. (A) Cau trac kep toc cta tién MicroRNA
146b véi trinh ty miRNA trudng thanh ciia miR-146b-5p (mau xanh) va miR-146b-3p (mau dd).
(B) Ho miR-146 gém c6 miR-146b va -146a. Nhiing nucleotide khac nhau dugc t6 mau den

Tién miRNA 146b c6 cau tric kep toc dai 73 nucleotide véi trinh ty miRNA 146b-5p va
3p trudng thanh nam trén vung than cua kep téc cua tién miRNA-146b. MiRNA 146b thudc ho
v6i miR-146a. V& trinh tu, miRNA-146a-5p va miRNA-146b-5p gan nhu tuong dong véi nhau,
chi khac 02 nucleotides. Nguoc lai, miR-146a-3p va miR-146b-3p co6 trinh ty kha khac nhau va
chi twong dong 08 nucleotides. Tuy nhién, do nhitng nucleotide khac nhau ctia ho miR-146 phan
16n thudc ving gan ciia miRNA 1én ving 3’ UTR (3’ untranslation region) cia mRNA, nhiing
thanh vién ctia ho miR-146 khong c6 chiic ning twong dong.

3.1.2. Vi tri seed site cia miR-146b-5p

MicroRNA thue hién chtic ning ctia chiing thong qua gan truc tiép 1én trén ving 3’UTR
cua mRNA béng trinh tu seed site ciia chinh n6. C6 04 loai seed sites bao gém 8mer, 7mer-Al,
7mer-m8 va 6mer. Hiéu qua trc ché cia miRNA 1én phan tr mRNA c6 hiéu qua theo thtr ty giam
dan ctia 8mer > 7mer-Al, 7mer-m8 > 6mer. Chung ta thuc hién xac dinh céac seed site ctia miR-
146b-5p. Két qua thé hién nhu Hinh 3.

mRNA 5 .UGCUCUAGAMGUUGTTLIJLIJ(I]II('A. a0 146b- 5p AGTTCTCA
Bmer
miRNA- 3 UUGGGUACCUUAAGUCAAGAGU
mRNA 5' ...GCCUUUCC UUGC(CU?II!LIJ?IITAA. .. S 146b- 5p GTTCTCA
miRNA- 3 UCGGAUACCUUAAGUCAAGAGU At
mRNA SRR U Tmer- 146b-5p | AGTTCTC
miRNA- 3 UCGGAUACCUUAAGUCAAGAGU mé

Hinh 3. Sy bit cip ciia miRNA-146b-5p v6i mRNA thong qua cac seed sites. MiRNA 146b-
5p gan vao mRNA tir vi tri nucleotide 01 - 08 cia miRNA. Céc vi tri bat cap dugc thé hi¢n
bang céac vach thang

Cac vi tri seed sites cua miR-146b-5p gdm c6 8mer (AGTTCTCA), 7mer-Al
(GTTCTCA), 7Tmer -A8 (AGTTCTC), 6mer (GTTCTC).
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3.1.3. Du dodn chirc ndng ciia miR-146b-5p trong té bao khop

MicroRNA thuy phan mRNA. Do vay, chitc nang cua miRNA phu thudc vao muc do
biéu hién cia mRNA trong mot loai té bao cu thé. Chung t6i da c6 co s¢ dir ligu vé muc do biéu
hién cua cac gene trong t& bao khép (chondrocyte) thong qua giai trinh tu thé hé mdi (next
generation sequencing). Tiép theo, tién hanh du doan chirc ning cia miR-146b-5p trong té bao
khép thong qua két hop giira phan tich xac dinh céc vi tri seed site cia miR-146b-5p trén mRNA
v6i két qua giai trinh ty thé hé méi cac gene duoc biéu hién trong té bao khop.

Két qua phan tich (Phu luc, Bang 1) cho thiy c6 328 gene la dich tiém ning ctia miR-
146b-5p trong té bao khdp. Nhing gene niy c6 mirc biéu hién tdt (tir trung binh dén cao) va c6
vi tri gin ciia miR-146b-5p trong ving 3°UTR.

Tiép tuc thuc hién phén tich chlrc ning cua 328 gene tiém ning & trén bang phin mém
David Bioinformatics Resources, mot s6 chirc ning quan trong cia miR-146b-5p trong cac con
duong truyén tin hidu quan trong trong té bao khdp duoc tong hop trong Bang 1.

Bang 1
Chtrc ning cta cac dich tiém ning ciia miR-146b-5p
STT Genes Tén gene
Whnt signalling pathway
1 |FZD1 Frizzled-1
> |pPPaR5C ::;irggtlilgg;);l;ge—protein phosphatase 2A 56 kDa regulatory subunit
3 |FZD3 Frizzled-3
4 |BMPRIA |Bone morphogenetic protein receptor type-1A
5 |FZD9 Frizzled-9
6 |PRKCE Protein kinase C epsilon type
7 |HDACS Histone deacetylase 8
8 |SIAH2 E3 ubiquitin-protein ligase STAH2
Notch signalling pathway
1 |LFNG Beta-1,3-N-acetylglucosaminyltransferase lunatic fringe
2 |JAGI Protein jagged-1
3 |NUMB Protein numb homolog
Toll receptor signalling pathway
1 |TRAF6 TNF receptor-associated factor 6
2 |IRAKI1 Interleukin-1 receptor-associated kinase 1
P38 MAPK signaling pathway
1 |RACI Ras-related C3 botulinum toxin substrate 1
2 |TRAF6 TNF receptor-associated factor 6
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STT Genes Tén gene
Adhesion signalling
1 |LPP Lipoma-preferred partner
2 |CCN4 CCN family member 4
3 |TLN Talin-2
3 |[NPTN Neuroplastin
Apoptosis pathway
1 |[CASP7 Caspase-7
2 |PRKCE Protein kinase C epsilon type
Cadherin signalling pathway
1 |FZD1 Frizzled-1
2 |PTPNI Tyrosine-protein phosphatase non-receptor type 1
3 |FZD3 Frizzled-3
4 |FZD9 Frizzled-9
5 |YESI Tyrosine-protein kinase Yes
Intergin signalling
1 |CRK Adapter molecule crk
2 |FLNA Filamin-A
3 |RACI Ras-related C3 botulinum toxin substrate 1
Anti apoptosis pathway
1 |PRAMEFI1 |Family member I(PRAMEF1)
2 |STIL SCL/TALI interrupting locus
3 |SIN3A SIN3 transcription regulator family member A
4 |SIX4 SIX homeobox 4
5 |TAF9B TATA-box binding protein associated factor 9b
6 |TRAF6 TNF receptor associated factor 6
7 |ANKLE2 |Ankyrin repeat and LEM domain containing 2
8 |FLNA Filamin A
9 |HIPK3 Homeodomain interacting protein kinase 3
10 |IFIT3 Interferon induced protein with tetratricopeptide repeats 3
11 |IRAKI1 Interleukin 1 receptor associated kinase 1
12 |ITCH Itchy E3 ubiquitin protein ligase
13 |MEDI1 Mediator complex subunit 1
14 |PRKAA2 |Protein kinase AMP-activated catalytic subunit alpha 2
15 |RARB Retinoic acid receptor beta
16 |SIAH2 Siah E3 ubiquitin protein ligase 2
17 |USP47 Ubiquitin specific peptidase 47

Ngudn: Két qua xtr 1y dit liéu ciia nhom tac gia
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MicroRNA 146b-5p c6 thé tac dong 1én mot sd con dudng truyén tin hiéu quan trong
trong té bao khép nhu Wnt signalling pathway (08 gene), Notch signalling pathway (03 gene),
Toll like receptor sigalling pathway (02 gene), P38 MAPK signaling pathway (02 gene),
Adhesion signalling (03 gene), Apoptosis pathway (02 gene), Cadherin signalling pathway (05
gene), Intergin signalling (03 gene), Anti apoptosis pathway (17 gene).

3.2. Thao ludn

MicroRNAs luu thong trong mau 1a mot phan tir quan trong, c¢6 thé sir dung lam chi thi
phan ttr gitp phat hién nhiéu bénh & ngudi do dd dugc chimg minh c6 sy lién quan mat thiét dén
tinh trang bénh 1y ciia bénh nhan. Ching t6i tim thiy miR-146b-5p ting trong huyét thanh cia
bénh nhan THK & Viét Nam.

MicroRNA146b da dugc chimg minh ting biéu hién trong té bao chondrocyte trong bénh
THK (Budd, De Andrés, Sanchez-Elsner, & Oreffo, 2017). Tuy nhién, tiém nang su dung
miRNA nay nhu mot cong cu hd tro chan doan van chua dugce xac dinh. Viée xac dinh chirc
ning ctia miR-146b-5p trong THK Viét Nam la mot tién dé dé xay dung phuong phéap phat hién
som khi bénh con ¢ giai doan dau, chua c6 cac biéu hién 1am sang. Tuy nhién, hién chirc nang
ctia miR-146b-5p trong t& bao khép van chua dugc xac dinh. Trong nghién ciru nay, két hop
gitra phuong phap dy doan bang cong cu tin sinh hoc va két qua glal trinh ty thé hé moi vé cac
mRNA biéu hién trong té bao khdp cho thay, miRNA-146b-5p c6 thé tac dong truc tiép 1én cac
con duong truyen tin hi¢u quan trong cua té bao khép nhu Wnt, Notch, Toll like receptor, P38
MAPK signaling pathway, Adhesion, Apoptosis, Cadherin, Intergin, Anti apoptosis signalling
pathway. Su bat hoat ctia cac con duong truyén tin hiéu nay sé din dén cac réi loai cho té bao
khop va cudi cing co6 thé dan dén THK.

Viéc két hop giita sir dung két qua giai trinh ty va phan tich tin sinh hoc gitip du doan
chirc nang ciia miR-146b-5p chinh xac cho té bao khdp. Loai trir dugc truong hop cac dich tiem
nang khong c6 sy biéu hién.

Ngoai chirc ning miRNA-146b-5p trong té bao khép, chiic ning ciia miR-146b-5p néi
riéng va cia miRNA tuan hoan noéi chung can duoc xac dinh trong birc tranh téng thé khi dugc
van chuyén trong cic bong mang dé di chuyén trong mau va t6i truyén thong tin cho cac té bao
nhan. Viéc xac dinh chirc ning tong thé nay c6 thé dugce dy doan thong qua st dung cac cong cu
tin sinh hoc x4c dinh tat ca cic mRNA trong té bao cé thé 1a dich tiém ning ciia miRNA.

4. Két luan va goi y

MicroRNA-146b-5p ¢ thé tac dong tryc tiép 1én cac con dudng truyén tin hiéu quan
trong cua té bao khép nhu Wnt, Notch, Toll like, P38 MAPK signaling pathway, Adhesion,
Apoptosis, Cadherin, Intergin, Anti apoptosis signalling pathway. Cac két qua dc tién doan bang
in silico nay can dc khang dinh bang thuc nghiém trong thoi gian toi.

LOI CAM ON
Nghién ctru nay dugc tai trg boi B Gido duc va Pao tao cia Viét Nam va DPai hoc Mo
TP.HCM dbi ung cho dé tai cua B§ Gido Duc va DPao tao. Ma s6: B2019-MBS-11.
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PHU LUC
Bang 1
Céc mRNA 1a dich tiém ning ciia miR-146b-5p trong té bao khép
STT | Gene name Gene names
1 |TRAF6 TNF receptor associated factor 6
2 |IRAKI1 interleukin 1 receptor associated kinase 1
3 |SEC23IP SEC23 interacting protein
4 |WWC2 WW and C2 domain containing 2
5 |PPPIRII protein phosphatase 1 regulatory inhibitor subunit 11
6 |BCORLI BCL6 corepressor like 1
7 |SORTI1 sortilin 1
8 |ZNF649 zinc finger protein 649
9 |USP32 ubiquitin specific peptidase 32
10 |[NUMB NUMB, endocytic adaptor protein
11 |PLSCR4 phospholipid scramblase 4
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12 |SRSF6 serine and arginine rich splicing factor 6
13 |CARDIO caspase recruitment domain family member 10
14 |SIAH2 siah E3 ubiquitin protein ligase 2
15 |APPLI iledlfgfer ;)ir;);c;irnl, phosphotyrosine interacting with PH domain and
16 |ZNF652 zinc finger protein 652
17 |SLCI10A3 solute carrier family 10 member 3
18 |MRS2 magnesium transporter MRS2
19 |EIF4G2 eukaryotic translation initiation factor 4 gamma 2
20 |CY9orf72 chromosome 9 open reading frame 72
21 |ZNF354B zinc finger protein 354B
22 |BRK1 BRICK1, SCAR/WAVE actin nucleating complex subunit
23 |DCAF12 DDBI and CUL4 associated factor 12
24 |NEMP1 nuclear envelope integral membrane protein 1
25 |POFUT2 protein O-fucosyltransferase 2
26 |FBXW2 F-box and WD repeat domain containing 2
27 |ZBTB2 zinc finger and BTB domain containing 2
28 |ABL2 ABL proto-oncogene 2, non-receptor tyrosine kinase
29 |HNRNPD heterogeneous nuclear ribonucleoprotein D
30 (MMPI16 matrix metallopeptidase 16
31 |RHOBTB3 Rho related BTB domain containing 3
32 |RARB retinoic acid receptor beta
33 |HIPK3 homeodomain interacting protein kinase 3
34 |SRP72 signal recognition particle 72
35 |SLC38Al solute carrier family 38 member 1
36 |VASN vasorin
37 |FBX0O4 F-box protein 4
38 |TMEMI19 transmembrane protein 19
39 |LRCHI1 leucine rich repeats and calponin homology domain containing 1
40 |ZNF506 zinc finger protein 506
41 |C3orf38 chromosome 3 open reading frame 38
42 |SLCI2A6 solute carrier family 12 member 6
43 | YWHAB tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation

protein beta
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44 | ZNF90 zinc finger protein 90
45 | C8orf88 chromosome 8 open reading frame 88
46 |MED20 mediator complex subunit 20
47 |CCK cholecystokinin
48 |STRBP spermatid perinuclear RNA binding protein
49 |YES1 YES proto-oncogene 1, Src family tyrosine kinase
50 |TCF20 transcription factor 20
51 |PTPRA protein tyrosine phosphatase, receptor type A
52 |GATADI GATA zinc finger domain containing 1
53 |THAPS THAP domain containing 5
54 | VPS54 VPS54, GARP complex subunit
55 |TMEMI120B transmembrane protein 120B
56 |AMPH amphiphysin
57 |ZNF257 zinc finger protein 257
58 |PPMIK protein phosphatase, Mg2+/Mn2+ dependent 1K
59 |FLOT2 flotillin 2
60 |RPF1 ribosome production factor 1 homolog
61 |BIVM basic, immunoglobulin-like variable motif containing
62 |SHCBPI SHC binding and spindle associated 1
63 |MOCS2 molybdenum cofactor synthesis 2
64 |ZFYVEI zinc finger FY VE-type containing 1
65 |CASP7 caspase 7
66 |ZNF493 zinc finger protein 493
67 |ZNF367 zinc finger protein 367
68 |LANCLI LanC like 1
69 |FLNA filamin A
70 |MEDI1 mediator complex subunit 1
71 |BHLHE41 basic helix-loop-helix family member e41
72 |EZD1 frizzled class receptor 1
73 |TORIA torsin family 1 member A
74 |ZNF253 zinc finger protein 253
75 |MPHOSPH6 M-phase phosphoprotein 6
76 |ZNF662 zinc finger protein 662
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77 |DTNA dystrobrevin alpha

78 |HDACS histone deacetylase 8

79 |PHKB phosphorylase kinase regulatory subunit beta

80 |TRMT6 tRNA methyltransferase 6

81 |ESYT2 extended synaptotagmin 2

82 |ZNF136 zinc finger protein 136

83 |CYP27B1 cytochrome P450 family 27 subfamily B member 1

84 |JAGI jagged 1

85 |CDKN2AIP CDKNZ2A interacting protein

86 |TMEMI185B transmembrane protein 185B

87 |SIX4 SIX homeobox 4

88 |AVL9 AVLO cell migration associated

89 |RORI1 receptor tyrosine kinase like orphan receptor 1

90 |CNIH4 cornichon family AMPA receptor auxiliary protein 4
91 |TSPYLI1 TSPY like 1

92 |CCN4 cellular communication network factor 4

93 |INO8OD INOS8O complex subunit D

94 |FAM210A family with sequence similarity 210 member A

95 |_

96 |NPTN neuroplastin

97 |KLE7 Kruppel like factor 7

98 |CEP170B centrosomal protein 170B

99 |PAQRS progestin and adipoQ receptor family member 5
100 |ZNF436 zinc finger protein 436

101 |SLC38A2 solute carrier family 38 member 2

102 |CXorf40A chromosome X open reading frame 40A

103 |GALNTIO polypeptide N-acetylgalactosaminyltransferase 10
104 | C6orf203 chromosome 6 open reading frame 203

105 |FAF2 Fas associated factor family member 2

106 | MOBI1B MOB kinase activator 1B

107 |PTPN1 protein tyrosine phosphatase, non-receptor type 1
108 |CACNA2DI1 calcium voltage-gated channel auxiliary subunit alpha2delta 1
109 |LRRCI15 leucine rich repeat containing 15
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110 |ITCH itchy E3 ubiquitin protein ligase

111 |HMBOX1 homeobox containing 1

112 |ZDHHCI13 zinc finger DHHC-type containing 13

113 |ZNF229 zinc finger protein 229

114 |BZW1 basic leucine zipper and W2 domains 1

115 |INTS2 integrator complex subunit 2

116 |[PUMI1 pumilio RNA binding family member 1

117 |MTR 5-methyltetrahydrofolate-homocysteine methyltransferase
118 |C7orf57 chromosome 7 open reading frame 57

119 |ELAVLI ELAYV like RNA binding protein 1

120 |B3GNTS5 UDP-GIcNAc:betaGal beta-1,3-N-acetylglucosaminyltransferase 5
121 |POLR3A RNA polymerase III subunit A

122 | KCNMAI1 potassium calcium-activated channel subfamily M alpha 1
123 |PRCP prolylcarboxypeptidase

124 |TRIP12 thyroid hormone receptor interactor 12

125 |LENG LFNG O-fucosylpeptide 3-beta-N-acetylglucosaminyltransferase
126 |NUP58 nucleoporin 58

127 |DCAF7 DDBI1 and CUL4 associated factor 7

128 |ST7L suppression of tumorigenicity 7 like

129 |SET SET nuclear proto-oncogene

130 |[UMPS uridine monophosphate synthetase

131 |GCFC2 GC-rich sequence DNA-binding factor 2

132 |GJC1 gap junction protein gamma 1

133 |SLCI1Al solute carrier family 1 member 1

134 |ROBO1 roundabout guidance receptor 1

135 |RAB8B RABS8B, member RAS oncogene family

136 |IERSL immediate early response 5 like

137 |ZNF365 zinc finger protein 365

138 |REEPS receptor accessory protein 5

139 |CCDC6 coiled-coil domain containing 6

140 |ZNF737 zinc finger protein 737

141 |PRKCE protein kinase C epsilon

142 |FMNL3 formin like 3
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143 | KDM2B lysine demethylase 2B

144 |RBL1 RB transcriptional corepressor like 1

145 |FBXO028 F-box protein 28

146 |ARLSA ADP ribosylation factor like GTPase 8A

147 |[NSD1 nuclear receptor binding SET domain protein 1
148 |RABGAPI RAB GTPase activating protein 1

149 |ZDHHC7 zinc finger DHHC-type containing 7

150 |NFATS nuclear factor of activated T cells 5

151 |[MINDY2 MINDY lysine 48 deubiquitinase 2

152 |IGSF1 immunoglobulin superfamily member 1

153 |PHF20L1 PHD finger protein 20 like 1

154 |TET2 tet methylcytosine dioxygenase 2

155 |DCAF17 DDBI1 and CUL4 associated factor 17

156 |ZNF605 zinc finger protein 605

157 |FBXO3 F-box protein 3

158 |PDGFRA platelet derived growth factor receptor alpha
159 |ARFGAP3 ADP ribosylation factor GTPase activating protein 3
160 |[KRTAPI-5 keratin associated protein 1-5

161 |SYTI1 synaptotagmin 1

162 |SIPAI1LI1 signal induced proliferation associated 1 like 1
163 |MPPE1 metallophosphoesterase 1

164 |CIAO2A cytosolic iron-sulfur assembly component 2A
165 |ZNF398 zinc finger protein 398

166 |TLN2 talin 2

167 |ZNF195 zinc finger protein 195

168 |TRIM66 tripartite motif containing 66

169 |SAMDS8 sterile alpha motif domain containing 8

170 |USP3 ubiquitin specific peptidase 3

171 |BTG2 BTG anti-proliferation factor 2

172 |ZNF512B zinc finger protein 512B

173 |CALHMS calcium homeostasis modulator family member 5
174 | DTWD2 DTW domain containing 2

175 |WDR47 WD repeat domain 47
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176 |ATPSMC2 ATP synthase membrane subunit ¢ locus 2

177 |RNF26 ring finger protein 26

178 |ZNF138 zinc finger protein 138

179 |ITPRID2 ITPR interacting domain containing 2

180 |USP47 ubiquitin specific peptidase 47

181 |TBC1D20 TBC1 domain family member 20

182 |ZNF486 zinc finger protein 486

183 |ZNF532 zinc finger protein 532

184 |CMTM6 CKLF like MARVEL transmembrane domain containing 6
185 |SRGAP2B SLIT-ROBO Rho GTPase activating protein 2B

186 |TMX1 thioredoxin related transmembrane protein 1

187 |TRMTIL tRNA methyltransferase 1 like

188 |NUCKSI nuclear casein kinase and cyclin dependent kinase substrate 1
189 |ARMCS armadillo repeat containing 8

190 |CEMIP cell migration inducing hyaluronidase 1

191 |ZNF841 zinc finger protein 841

192 |BCAP29 B cell receptor associated protein 29

193 |MCMBP minichromosome maintenance complex binding protein
194 |CREBL2 cAMP responsive element binding protein like 2

195 |HOOK3 hook microtubule tethering protein 3

196 |EMCI1 ER membrane protein complex subunit 1

197 |ADAMI9 ADAM metallopeptidase domain 19

198 |PTARI1 protein prenyltransferase alpha subunit repeat containing 1
199 |FBXL17 F-box and leucine rich repeat protein 17

200 |PEX19 peroxisomal biogenesis factor 19

201 |RAC1 Rac family small GTPase 1

202 |NSL1 NSL1, MIS12 kinetochore complex component

203 [CHML CHM like, Rab escort protein 2

204 |PSMD3 proteasome 26S subunit, non-ATPase 3

205 |MRPS14 mitochondrial ribosomal protein S14

206 |ERLECI endoplasmic reticulum lectin 1

207 |MTAP methylthioadenosine phosphorylase

208 |BMPRIA bone morphogenetic protein receptor type 1A
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209 |SNX21 sorting nexin family member 21
210 |[RACGAPI Rac GTPase activating protein 1
211 |PMAIP1 phorbol-12-myristate-13-acetate-induced protein 1
212 |TRAK1 trafficking kinesin protein 1
213 |TMX4 thioredoxin related transmembrane protein 4
214 |TNRC6A trinucleotide repeat containing 6A
215 |TFDP2 transcription factor Dp-2
216 |CDC37L1 cell division cycle 37 like 1
217 |ARFGEF3 ARFGEF family member 3
218 |ALX4 ALX homeobox 4
219 |ZNF813 zinc finger protein 813
220 |BLZF1 basic leucine zipper nuclear factor 1
221 |RAB31 RAB31, member RAS oncogene family
222 |INPPL1 inositol polyphosphate phosphatase like 1
223 |PRC1 protein regulator of cytokinesis 1
224 |RALGPS2 Ral GEF with PH domain and SH3 binding motif 2
225 |ZFANDS zinc finger AN1-type containing 5
226 |PSMF1 proteasome inhibitor subunit 1
227 |LEPROT leptin receptor overlapping transcript
228 |FZD3 frizzled class receptor 3
229 |ARPIN actin related protein 2/3 complex inhibitor
230 |ZBTB22 zinc finger and BTB domain containing 22
231 |PQLC3 PQ loop repeat containing 3
232 |PHTF2 putative homeodomain transcription factor 2
233 |FAMI120A0OS |family with sequence similarity 120A opposite strand
234 |ZFP3 ZFP3 zinc finger protein
235 |IFIT3 interferon induced protein with tetratricopeptide repeats 3
236 |COPS8 COP9 signalosome subunit 8
237 |SIN3A SIN3 transcription regulator family member A
238 |FNBP4 formin binding protein 4
239 |STIL STIL, centriolar assembly protein
240 |LPIN2 lipin 2
241 |TRIT1 tRNA isopentenyltransferase 1
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242 |RPA3 replication protein A3

243 |PRKAA2 protein kinase AMP-activated catalytic subunit alpha 2

244 |ARMH3 armadillo-like helical domain containing 3

245 |TRIM2 tripartite motif containing 2

246 |TBRGI transforming growth factor beta regulator 1

247 |TBC1D2 TBC1 domain family member 2

248 |AUTS2 AUTS?2, activator of transcription and developmental regulator

249 |TAF9B TATA-box binding protein associated factor 9b

250 |[IQGAPI 1Q motif containing GTPase activating protein 1

251 |REX7 regulatory factor X7

252 |PRAMEFI PRAME family member 1

253 |ZNF626 zinc finger protein 626

254 |RAB29 RAB29, member RAS oncogene family

255 |ZNF449 zinc finger protein 449

256 |LCOR ligand dependent nuclear receptor corepressor

257 |PNPO pyridoxamine 5’-phosphate oxidase

258 |PAICS phosphor%bosylam@no%m%dazole carbpxylase and '
phosphoribosylaminoimidazolesuccinocarboxamide synthase

259 |RPL27A ribosomal protein L27a

260 |ARL17A ADP ribosylation factor like GTPase 17A

261 |HIPKI1 homeodomain interacting protein kinase 1

262 |SPCS1 signal peptidase complex subunit 1

263 |DIS3L DIS3 like exosome 3°-5° exoribonuclease

264 |SLC2A3 solute carrier family 2 member 3

265 |GRID1 glutamate ionotropic receptor delta type subunit 1

266 |Cl6orf72 chromosome 16 open reading frame 72

267 |RHOXF?2 Rhox homeobox family member 2

268 |ZNF550 zinc finger protein 550

269 IMYOIB myosin IB

270 |YAP1 Yes associated protein 1

271 |CAMTAI calmodulin binding transcription activator 1

272 |PGM2L1 phosphoglucomutase 2 like 1

273 |RHOXF2B Rhox homeobox family member 2B
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274 |ENDODI endonuclease domain containing 1
275 |PRMT3 protein arginine methyltransferase 3
276 |TRIMS tripartite motif containing 5
277 |KIF13B kinesin family member 13B
278 |MYBLI1 MYB proto-oncogene like 1
279 |FAM98B family with sequence similarity 98 member B
280 |CUL4B cullin 4B
281 |GYG2 glycogenin 2
282 |APOL6 apolipoprotein L6
283 |RNF4 ring finger protein 4
284 |KIF24 kinesin family member 24
285 |DCTNS5 dynactin subunit 5
286 |LPP LIM domain containing preferred translocation partner in lipoma
287 |PRKAR2A protein kinase cAMP-dependent type Il regulatory subunit alpha
288 | TMEM237 transmembrane protein 237
289 |CNOT6 CCR4-NOT transcription complex subunit 6
290 |PTGFRN prostaglandin F2 receptor inhibitor
291 |CRK CRK proto-oncogene, adaptor protein
292 |SUCLG2 succinate-CoA ligase GDP-forming beta subunit
293 |TIMM17B translocase of inner mitochondrial membrane 17B
294 |ADARBI adenosine deaminase, RNA specific Bl
295 |PKN2 protein kinase N2
296 |SPRTN SprT-like N-terminal domain
297 |GOSR1 golgi SNAP receptor complex member 1
298 |ZNF441 zinc finger protein 441
299 |TMEMZ209 transmembrane protein 209
300 |PPP2R5C protein phosphatase 2 regulatory subunit B’gamma
301 |DAAM?2 dishevelled associated activator of morphogenesis 2
302 |RUNDC3B RUN domain containing 3B
303 |[MR1 major histocompatibility complex, class I-related
304 |CHSTIS carbohydrate sulfotransferase 15
305 |MLLT1 MLLT]I, super elongation complex subunit
306 |[EEPDI endonuclease/exonuclease/phosphatase family domain containing 1
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307 |JAZF1 JAZF zinc finger 1

308 |ZNRF2 zinc and ring finger 2

309 |TRIM38 tripartite motif containing 38
phosphoribosylglycinamide formyltransferase,

310 |GART phosphoribosylglycinamide synthetase,
phosphoribosylaminoimidazole synthetase

311 |[TMEM216 transmembrane protein 216

312 |ERICHI1 glutamate rich 1

313 |PARP9 poly(ADP-ribose) polymerase family member 9

314 |ANKLE2 ankyrin repeat and LEM domain containing 2

315 |EHMT2 euchromatic histone lysine methyltransferase 2

316 |SS18 SS18, nBAF chromatin remodeling complex subunit

317 |ENTPDI ectonucleoside triphosphate diphosphohydrolase 1

318 |SLC4A8 solute carrier family 4 member 8

319 |SH3YLI1 SH3 and SYLF domain containing 1

320 |PSMC6 proteasome 26S subunit, ATPase 6

321 |CLNS CLNS, intracellular trafficking protein

322 |KCTD3 potassium channel tetramerization domain containing 3

323 |SHISALI1 shisa like 1

324 |DPY191.2 dpy-19 like 2

325 |SLCY9A6 solute carrier family 9 member A6

326 |CULS cullin 5

327 |TOX thymocyte selection associated high mobility group box

328 |FAMI171Al family with sequence similarity 171 member Al

[©NoIe)

Creative Commons Attribution-NonCommercial 4.0 International License.



