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Introduction: Her2 / neu gene (HER2) is a member of the family of epidermal growth
factor receptors (EGFR) encoding a 185 kd protein with tyrosine kinase activity. This
gene is expressed in a variety of tissues such as kidney, skin, colon, ovary and
mammary glands and mostly is found in plasma membrane. Following amplifying or
increasing of HER2 transcription, carcinogenesis or deterioration of tumorigenicity has
been observed in some cancers. Epigenetic mechanisms and chromatin modifications
play a significant role in gene expression, transcriptional regulation, and cancer
progression. Studies have shown that these changes can also affect the sequence of
enhancers, short DNA motifs that serve as binding sites for specific transcription
factors. Chromatin regions such as DNase | sensitive sites and histone modifications
such as H3K4mel and H3K27ac are used to predict possible enhancers. Active
enhancers that express eRNAs (non-coding transcriptional RNAs derived from
enhancers) have two H3K4mel and H3K4me3 histone marks. A therapeutic approach
that directly targets genomic changes can be valuable because it has no effect on
healthy cells. The development of genome editing tools such as the CRISPR system
could provide such an opportunity. In this study, we aimed to investigate the regulatory
role of the GH17J039694 region as an enhancer, which we called HER2-Enl (HER2-
Enhancerl) for short, located in the HER2 gene in the 17912 region: 37850592-
37853472 (GRCh37/hg19.2009) with the help of bioinformatics studies and by using
CRISPR/Cas9 technology for genetic manipulation.

Materials and Methods: Genetic editing of this region was done for cis and trans
studies in HER2+ and HER2- breast cancer cells. Bioinformatics studies were
conducted in different cell lines with the help of databases such as GEO gene, ChIP-
Atlas and TCGA. The laboratory results showed the reduction of HER2 variants and
expression changes of other studied genes. In general, according to bioinformatics and
laboratory studies, it seems that this part of the HER2 gene can be considered as an
integral regulatory region.

Results: The results showed the decrease in the expression of the variants in the
studied cell lines after 24 hours in cis and the expression changes of other studied genes
in trans. Also, bioinformatic studies such as histone modifications (H3K27ac) showed
the importance of HER2-En1 as a regulatory region.

Conclusion: In general, according to bioinformatics and laboratory studies in the form
of gene editing of the HER2-En1 region, it seems that this part of the HER2 sequence
can be considered as an enhancer regulatory region.

Keywords: HER2 Gene; CRISPR/Cas9 System; Enhancer; Genetic manipulation.
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il (MCF7 , SKBR3 MCF10A s 5 ) HER2- 3 HER2+ . J 5 03,5 4ws o STRING olS30, o 51,531 (sleietiy , (5laSinds cornidg :F S

S  aSs .o HER2- s HER2+ Jslos o5, j0 2z HER2- 5 s Jsho 0o, ;0 .o HER2+ § ey Jloy Joko 00, 10 ld sy p (iiSKad y Conady
(https://string-db.orag/cgi/input?sessionld=bGcHJIrgDsNu&input_page active form=annot_proteome) HER2

£
EHE
Mistone (@ SK-BR-3) 50

Histane (@ MCF-7) 50

Histons (@ MCF 104) 50

Mistane (@ Embryonic kidney) 50

ORase-seq (@ SKCBR3)50

ONase-seq (@ MCF.7) 50

OMase-snq (@ MCF 104)50

DN ase-seq (@ Fetal kidney) 50

REUA polymerase (@ MCF 104)50

RIA polymerass (@ MCF.7) 50

RHA polymerase (@ SK-BR3)50

RNA polymerase (@ hESC H1)50

Histone (@ Breast) 50

chri7:39,694,339-39,697,219

o | i
P33 piaz pid P12 Pz = iz aiz T FI qar azz F Tk T BT — FrE]
2,882 bp
38533 000 bp 655000 bp 39,557,000 bp
1 1 I 1 1
ERBE2
HIKIEme3 (@ SKBR-3) HIKIIme3 (@ SKBR-3)

DMNase-Seq (@ Fetal kidney) DHase:Seq (@ Fetal kidney)

FNA pelymasase 1| (@ hESC H1)

HIKIGme3 (@ HECTB54)

HIKIOmeI (@ UACCE1Z)  HIK4mel (@ CALS1) HIK2Tme3 (@ HCC1954)

St Lt el sad o0ld ialed a5 jghailen wcalizie Jolo sl 05, o DNasel & ulus sblio g Syimn slapylis ChIP-AtIAS osls ol 5L .0 JSi
39 s 0adlie (yliwy (sl 08, 5l cam 0 55 H3KAMEL gin lis uimmad 018 0525 iy oyl jr ;500 slo 00, S 3 SKBR3 oo, ,o H3K36me3
Sl ddlate opl jo Jled (ileg S 4l 5l el 55 HLhESC gl 00,50 HER2-ENL a 111 s RNA Jlasl il o 4l ol 0090 Jlad oazas lis a5
(https://chip-atlas.org)
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TAN

10 _
HCN 2x7S Sg 1
1

10
HCND 2x7S Sg 1

1

10 _
CF7 2x7S Sg 1

X

1@
CF7 2x7S Sg 2

10 _
M31 2x75 Sg 1

;E;-’ 3‘5 bp paired read m-i'ﬂ §\9N| "0 2 ?m EEW/EMHCH

LHCN-M2 Myoblast 200 bp paired read RNA-seq Signal Rep 1 from ENCODE/Caltech

LHCN-M2 Myocyte 200 bp paired read RNA-seq Signal Rep 1 from ENCODE/Caltech

MCF-7 200 bp paired read RNA-seq Signal Rep 1 from ENCODE/Caltecn

GM12891 200 bp paired read RNA-seq Signal Rep 1 from ENCODE/Caltech

o iilg> sl MCF7 IS HER2-Enl 3 siblin cuload ools ioles a5 jshiles (UCSC) ok slros, 5l (S y0 (Reads) o uilgs gy 1# S0

Coverage 0 12
#S5amples 1004 85 28 13242121

Her2 Fositive
Coverage 0 1 2 3
#Samples 111 28 10 8

Her2 Negative
Coverage 0 1 236
#Samples 542 29 7 2 1

sl
Normal o | el - - &0 x I T |
C:"'“"IS' lI]D-l ]m | E— e - o Gy —— e — ]
#Samples = ¥ 5 o I v
- - ey -
mor

P .

345679 13—

3 il (GH17J039694) HER2-ENL (¢ gl amb jo o iilss sy (61, FECOUNES 0015 oL 50 oyl olb s (sl diged Judoss 5 4y 520 ¥ S
s ygi iy aited HERF a5 s 05 5o Chr17:39694901-39694987 4L
(https://www.cancer.gov/ccg/research/genome-sequencing/tcga)

a5 SBay,05 5l yide Ko ¥V L o y9xSs GDINA I 6,5, Ko ) s as Jokoo 30 Vv olowd 4 A3V Y sl oo 5l il jo 30 o Jobos yiSans 5 A JSCi
00,5 G5 b Jsl 4 051 00 J> (OPTIMEM) 54 5T s FBS (500 oo yidg Seo Ve
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4l Gyl g0 a5 ola eyl LPCR (aliS 5 (iolg Jgame I DNA #l el 51 G HER2-ENL 450 Gis /gl ST agl gl cs ool PCR A sl
b oawlive 3L YFY Lowds (ol Wb i, Kae p jo 1) ool Bd>

chei? (ai2) (13, 30ERE 013, 1 IRRIER 17011.2 | [17011.2 BRRCTER Bvet SIRY | Gt R4 SRR 0eS 1) 170283

Scale 1 Kb} { ha3s
1T 39,695, 90| 39,695, 506| 39,696, 000 39,696,500 39,697, 606|
GENCODE v32 Comprehensive Transcript Set (only Basic displayed by default)
EREB2 (-
EREB2 ¢}
EREB2
blat on Yourseq
Yourseo mm
Enhancers and promoters from GeneHancer v5.9
GH17J839594
Enhancers and promoters from GeneHancer (double elite) v5.9
ts (double elite)
100 _ HAKETAC Mark (OFten Found Near Regulatory Elements) on 7 cell 1ines from ENCODE
Lavered HIK27RC
0.

NCBI RefSeq Functional Elements
109 vertebrates Basewise Conservation by PhyloP

Cons 108 verts
N ] LA LS i

oas Bi> HER2-ENl oo axb Lol Jlgs 5150 220 el oads o0ls ialed UCSC s a8 s cool sl youlp b oss B b b Jlgs Ve S

o
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U0

< 1)
= Variantl HER2 Variants 1&2
= *Variant2 *
- [ Variantl
Bl variant2
24h
& -
E \ &
o \ £
= \ =
S \ S
A
v * eusn 2
48h
48h
T T T T
V1 V2
- ) T L 1 1 1
ISI\BR3 MCF7 I]EK2.93 Control . SKBR3 MCF7
Edit Edit -24 hours
° d
*kk A pair of Primers for different HER2 Variants
304 1.5
254 :l. Complete
O NANOG 1 * % T Knockout
20 H sox2 E‘ 1.0 - = B Knockdown
& O ocr4 | T
g <
7 154
% £ 054
= 104
Fokokk ok kokok KAk
5 0.0- T
Control
0 |j SKBR3 HEK293
- T T
Contral L ;L 1 L 1 Edit
SII\'.BR.S MCF7 HEK293 .
Edit

Sl ly ola s GialEl genzaailis Jl el YE 18 o5 ol oyt il cilisee sl slo 03, 45 Kuolis slo o5 s HER2 slaciigiy, 5T ames 1Y S5

A g B3 oo LS oalS Wig; a5 T 5l e 5 il el Y o ad & jsan o dglie o atlioe Y og S slomibly ola 5o (s paitie (Rl g ) 058
5 S e abai (gl o0 4285 ISy eyl i 45 ko (gl ST 5 JulS gl S sl o3l ,2) SKBR3 s HEK293 ok (sla o0, o Lyl s 5IUT

OCT4 3 SOX2 NANOG (5ol sledshor b Lo po sl 45 5JUT aseis o 00,5 o omline Ll ls 1o Lo (talS S sl .l ool ans calisen (sl lg
oads a8 S LA 8 000 5l S ()l e rhan) awl 00ls &) lo il Bl 5 aw ,e 0 MCFT o asas e oylis oyle Linl SKBR3 ;s NANOG,. 0CT4
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Standard curve-qPCR
40 y=-37311x+38.445 200007 M Control
© R*=0.9989 17500 M Partial ko

15000 = Complete ko
125004
100004

7500+

5000+

2500+

s -
0- T T T
5 6 7 8

SKBR3 HEK293 MCF7

ko: knockout

Copy Number

X(COPY Jsgord 51 45 o oS olaws S loges .l (Standard Curve) s lastew!  iowie gy b Gialpg 5l oe o Joo SDNA S slaws ot Y S5
5 i 3l am o oS slams LalS saxmslis gl .o bl poxis as loged o 09 o ale NUMDEr?)=38.45- Y (CT mean of samples)/3.731

Ablge (S5 Glng

HER+ 45 _la,g055 5o chr17:39694901-39694987 4.l 5o b ulss as wsls las s o) recount3 ssls oKL o Seiboygiilan Dlalllas 1) Jous

.,\j)la g i O

Position Width Normal(114) Tumor(1142) Her2+ (167) Her2-(581) Normal(avg) Tumor(avg) Her2+ (avg) Her2-(avg)
322@133? 9+4 [T 0 4 0 1 0 0/004 0 0/002
gggﬁgg??fm‘ 216 2 49 34 5 0/018 0/043 0/204 0/009
SHLTSSNTES 5 0 1 1 0 0 0/001 0/006 0
O 088l g7 3 36 16 12 01026 01032 01096 01021
CarI9090L g7 10 258 138 55 0/088 01226 0/826 01095
222197633?%5182 1716 0 1 0 1 0 0/001 0 0/002
ggggﬁg‘i’ggflsz 1737 0 3 0 3 0 0/003 0 0/005

VEY 50l o o)leds Y oyg0 pilo Sy Olidied alxe
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Gene Symbol

Sequences

Guidel: gRNAL
(HER2)

Sense: CACCGCACTTGTATCCTAACCATG
Antisense: AAACCATGGTTAGGATACAAGTGC

Guide2: gRNA2
(HER2)

Sense: CACCGTCCCGGTGGGCGGTAGAGA
Antisense: AAACTCTCTACCGCCCACCGGGAC

Guidey: gRNAY

Sense: CACCGCAGGAGAATCACTCGAATCC

(HER2) Antisense: AAACGGATTCGAGTGATTCTCCTGC
Guide¥: gRNA¥ Sense: CACCGCCCTGATCCTAACATCCCGA
(HER2) Antisense: AAACTCGGGATGTTAGGATCAGGGC
PX459 R: AGCCATTTGTCTGCAGAATTGG
Variant 1 HER2 F: GAGCCGCAGTGAGCACCAT

Isoform a R: AGCAGGTAGGTGAGTTCCAG
Variant 2 HER2 F: AGAGGCGATAGGGTTAAGGG
Isoform b R: GTGGTGAACAGGACAGCAAA
Primers for .

different HER2 F: TTCACCCACCAGAGTGATGTG

Y — R: ACATTCAGAGTCAATCATCCAACATT
HER?2 Primers F1: CATTCCTGAGATGTGGGTAAGAG
(Deletion R1: TAACTGTAGGTCCCTCCCTCTAC

test)

F2: TAGCTGGATGTGGTGGTGCATG
R2: GGTGGAGTTTTGTACAGGTATC

U6 Promoter

F: GAGGGCCTATTTCCCATGATT

Copy number F: AAACTCTCTACCGCCCACCGGGAC
primers R: TAACTGTAGGTCCCTCCCTCTAC
GAPDH F: TCACTGTTCTCTCCCTCCG

R: CATTGATGGCAACAATATCC
OCT4 F: CAAGCCCTCATTTCACCAG
Variant 1 R: AGCCAGGTCCGAGGATCAA
NANOG F: AATACCTCAGCCTCCAGCAGATG
Variant 1 R: TGCGTCACACCATTGCTATTCTTC
SOX2 F: AAGACTAGGACTGAGAGAAAGAAGAG
Variant 1 R: AAGAGAGAGAGGCAAACTGGAATC

VEo) 5l o o )led oY o9

oo (S Sicdos ale



