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Simple Summary: Biomarker driven precision and personalized medicine is pertinent for improving therapeutic 32
outcome for colorectal cancer especially for metastatic stage. In this study we studied two genes which were 33
previously reported by our group to be differently expressed and spliced in human colorectal cancer samples. 34
Gene splicing is a way to generate multiple forms of the same gene. We characterized these multiple forms 35
known as ‘isoforms’ by studying their genomic organization, expression pattern as well as response to drugs. 36
This evidence will be helpful in establishing the role of the two genes as a biomarker in colorectal cancer 37

metastasis. 38
Abstract: Colorectal cancer prognosis get worse with advancement of disease into metastatic stage. Thereisa 39
pertinent need to develop prognostic biomarkers that can be used for personalized and precision medicine. 4o
Alternative splicing provides an insight into understanding of changes at isoform expression level which 41
may not be evident at gene level. In this direction, we utilized our prior knowledge about significant 42
alternatively spliced genes and chose ADAM12 and MUC4 for further characterization in a metastatic cell 43
line model. These genes were found to be good prognostic indicators in The Cancer Genome Atlas database. 44
We studied the gene organization and designed primers to specifically amplify a group of isoforms. 45
Differential expression of these group of isoforms was observed in normal, primary and metastatic 46
colorectal cancer cell lines. We further validated the results using sanger sequencing. Isoform expression 47
was found to respond to the 5-fluorouracil treatment. RNAseq analysis of the cell lines further validated the 48
differential expression of gene isoforms. Successful detection of ADAM12 and MUC4 in cell lysates varied 49
according to the antibody used which may reflect differential expression of isoforms. This comprehensive 5o

study underscores the importance of studying alternatively spliced isoforms and their probable used as 51

prognostic or predictive biomarkers. 52
Keywords: colorectal cancer, alternative splicing, mucins, biomarkers, precision medicine 53

54
1. Introduction 55

Colorectal cancer (CRC) is one of the commonest malignancies in the world, including Saudi Arabia [1] 56
with very low 5-year survival rate (10%) in advanced metastatic stages [2,3]. However, there is hope gener- 57
ated by the advent of precision/personalized medicine especially in colorectal cancer [4,5]. Personalized 58
medicine has come of age and is complementing therapeutic decision making process in different clinical 59

settings with the aid of biomarkers. 60
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Biomarker is a statistically significant measurable indicator of a patient. Prognostic biomarker is defined asa 61
biomarker that is used to predict the progression of a disease. Predictive biomarker can be used to predict the 62
efficacy of a particular therapeutic regimen. The microsatellite instability status, location of tumor (right or 63
left side) has helped in making guided decision about administering available therapies. However, there is 64
still lack of enough biomarkers that can be used as prognostic and predictive biomarkers for colorectal can- 65
cer metastasis [5,6]. There is an unfulfilled need to develop molecular biomarkers that can help in predicting 66
the course of disease progression after administering standard of care regimens for metastatic colorectal 7

cancer. 68

Isoforms of a gene may serve as precise biomarkers. Gene isoform is defined as an alternatively spliced 69
form of messenger RNA. Alternative splicing (AS) based biomarkers have not been studied in detail due to 70
technical complexity but carry huge potential in complex diseases like cancer and diabetes. More than 90% 71
genes are alternatively spliced and any disturbance in this complex machinery could result into initiation and 72
progression of cancer [7,8]. The changes in AS mechanism resulting into altered ratio of splice variants 73
causing increased progression and metastasis have been observed in prostate cancer [9]. In general, alterna- 74

tively spliced isoforms have been less studied to understand their role in initiation and progression of cancer. 75

Based on prior evidence from our study on patient exon profiling [10], we studied two genes (MUC4 and 76
ADAM12) with highest statistical significance in terms of exon level expression changes. These two genes 77
were found to be highly significant in cytogenetic, gene expression and splicing studies on the Saudi colo- 78
rectal cancer patients [10,11]. In this study, we attempt to characterize the isoforms of MUC4 and ADAM12 79
genes in SW480 and SW620 cell lines. We tried to amplify specific alternatively spliced isoforms and se- so
quence them to confirm their identity. We compared the relative abundance of the gene transcripts and pro- s1
tein in the two cell lines which represent primary (SW480) and metastatic (SW620) cells. We also employed s2
global gene expression profiling (RNAseq) of the two cell lines to interrogate the expression of MUC4 and  s3
ADAM12 gene isoforms. RNASeq data also provided avenues to study the expression changes in pathways s4
and molecules associated with AS. Finally we checked the prognostic significance of the two genes in colo- s5

rectal cancer using The Cancer genome Atlas (TCGA) database. This study provides comprehensive analy- 86
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sis of MUC4 and ADAM12 gene isoforms in colorectal cancer cell lines which could be useful in their de- 87

velopment as prognostic biomarkers. 88
2. Materials and Methods 89
Cell Culture 90

CCDB841, Sw480, and SW620 cell lines (ATCC® CCL-247TM) were obtained from American Type Cul- o1
ture Collection (USA). CCD841 represents normal colon mucosa whereas SW480 and SW620 cells are from 92
primary and metastatic colorectal cancer cells, respectively. Cells were cultured in 5%CO, at 37°C. Cells 9
were grown in advanced Dulbecco’s modified Eagle’s medium (DMEM) containing 10% FBS, 100 IU/mL 94
of penicillin, 100 ug/mL of streptomycin and 2 mmol/L L- glutamine (Gibco, Thermo Fisher Scientific, 95

USA). 96

RNA extraction and cDNA synthesis 97
Total RNA was extracted from CCD841, SW480 and SW620 cell lines using PureLink RNA mini kit 98

(Cat#12183025, Thermo Fisher Scientific, USA). 2ug of RNA was reverse transcribed for cDNA synthesis 99
using High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Thermo Fisher Scientific; Cat# 100
4374967). 101

Primer design 102

Alternatively spliced isoforms of ADAM12 and MUC4 were analysed by SnapGene software (GSL Biotech, 103
USA). We used global alignment (Needleman-Wunsch) algorithm for aligning two sequences. For more 104
than two sequence alignment we used Clustal Omega option in Snapgene. ADAM12 and MUC4 isoform 105
sequences were obtained from genome database NCBI as well as ENSEMBL. Five well known ADAM12 106
isoforms were aligned to identify the difference among the isoforms. The possible difference between the 107
available isoform sequence was used to design primers. Three set of primers were designed to amplify 108
ADAM12-All isoforms, — isoform 1&3, -isoform 2,4 &5. Similar design strategy was employed to design 109
four set of primers to detect four well described isoforms of MUCA4. Both GAPDH and ACTNB genes were 110

used as house keeping control. 111
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Semi-quantitative endpoint PCR 112

Primers designed as described above were used to amplify the targets of alternatively spliced isoforms of 113
ADAM12 and MUC4. We used the Master Mix DreamTaq™ Hot Start Green (Cat# K9022, Thermo Fisher 114
Scientific, USA). 115
PCR amplification was carried out using thermal cycler Veriti™ 96-Well (Applied Biosystems, Thermo 116
Fisher Scientific; Cat# 4375786,). PCR cycling conditions were: 95°C for 5 minutes initially, followed by 40 117
repeats of 95°C for 1 minutes, 60°C for 30 seconds and 72°C for 30 seconds. Then one cycle of 72 °C for 7 118
minutes, and lastly 4°C indefinitely. All PCR products were analysed using 2% agarose on horizontal gel 119

electrophoresis. 50bp ladder was used to estimate the band size. 120

Gel extraction and purification of amplified PCR products 121

We excised the gel slices that contain the DNA fragment using Thermo Scientific GeneJET Gel Extraction Kit, 122
(cat#K0692). The gel slices were then placed into pre-weighed 1.5 mL tubes to weigh to the gel slice. Thenwe 123
add 2:1 volume of the binding buffer because, we used 2% agarose. The following step was to incubate the 124
eppendorf tubes in 50-60 °C for 10 min or until the gel slice is completely dissolved. We used 1 gel volume of 125
100% isopropanol because our bands sizes are <500 bp. Then we followed the steps of the protocol using 126
GeneJET purification column to extract the DNA fragments. We checked the purity and quantity using 127
nanodrop (Thermofisher scientific) 128

129
Sanger Sequencing 130
The PCR products using different set of primers were sequenced using DNA Analyzer (Applied Biosys- 131
tems™; Cat# 3730XL). For clean-up of endpoint PCR product, ExoSAP-IT™ kit was used (Thermo Fisher 132
Scientific; Cat# 78200.200.UL). Cycling sequencing was performed with BigDye™ Terminator v3.1 Kit 133
(Thermo Fisher Scientific; Cat#4337455). Clean up for the cycling sequencing was with BigDye 134
XTerminator™ Purification Kit (Thermo Fisher Scientific; Cat# 4376486). 135

Quantitive Real Time PCR 136
Quantitaive real time PCR (qRT-PCR) was performed by using both SYBR green and TagMan universal 137

PCR master mix (Applied Biosystems; Cat# 4304437) and the QuantStudio 6 Flex Real-Time PCR System 138

(Thermo Fisher Scientific, Inc) according to the manufacturer’s instructions. The gene expression was 139
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analyzed using TagMan probe for ADAM12 and MUCA4 genes (Thermo Fisher Scientific, USA). Eukaryotic 140
18S rRNA was used as endogenous control gene. All reactions were performed in triplicate and the 141
gRT-PCR data was analyzed by using the relative quantitative (RQ) method (2*“") through Expression 14
Suite software version 1.1 (Thermo Fisher Scientific, USA). For SYBR green PCR reactions same primers 143
as used in endpoint PCR were used and SYBR™ Green PCR Master Mix; Cat# 4309155, from Applied 144

Biosystems™. All experiments were done in triplicate and repeated at least twice. 145

RNA Sequencing 146
Total RNA was extracted from the cell line SW480 and SW620 using the kit (Ambion, PureLink RNA mini; 147

Cat# 12183025). RNA quality and concentration was evaluated using ND-1000 UV-Vis Spectrophotometer; 148

highly qualified samples were selected for RNA seq. 149

RNA sequencing was performed according to manufacturer’s protocol as follows, poly (A) messenger 150
RNA was captured using RiboMinus™ Eukaryote System v2 (Cat# 4481370), and the purified samples were 151
cleaned from any residuals by RiboMinus™ Magnetic Bead Cleanup Module (Cat# 4481370). RNA was 152
then measured by (Qubit™ RNA HS Assay kit; Cat# 032852). 153

Library was then constructed by lon Total RNA-Seq Kit v2 (Cat# 4475936). This library was then converted 154
to cDNA using lon Total RNA-Seq Primer Set v2 (Cat# 4474810). After that cDNA was indexed by lon 155

Express™ RNA-Seq Barcode 01-16 Kit (Cat# 4475485). Next, we measured cDNA using NanoDrop1000. 156

High qualified library was then injected into the lon PI™ Hi-Q™ Chip Kit v3 (Cat# A26770) and then in- 157
serted in the lon Chef™ Instrument (4484177) to start emulsion and enrichment for the library. Next, sample 158

sequencing was performed using the Proton Semiconductor Sequencer. 159

Western Blot 160
Whole cell extract was prepared from each cell line CCD841, SW480, and SW620 with NP40 buffer 161

(Invitrogen, Paisley, UK) containing protease inhibitor cocktail (Sigma-Aldrich, Taufkirchen, Germany). 162
The protein lysate was incubated on ice for 30 minutes, centrifuged at 13,000 rpm for 10 minutes and the 163
supernatant was collected. Protein concentrations were determined by Qubit protein assay kit (Thermo 164

Fisher Scientific). 50ug of whole cell lysate was mixed with 4X Laemmli buffer (Bio-Rad) and loaded onto 165
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ready-made gel (4-20% Mini-PROTEAN® TGX™ Precast Protein Gels ;Bio-Rad). The gel was subjected 166
to electrophoresis at 100V for approximately 90 minutes and transferred overnight at 5V to polyvinyl PVDF 167
membranes using semidry transfer cell (Bio-Rad). The membranes were blocked using 5% Bovine Serum 168
Albumin (MILLIPORE, Germany) in TBST (Tris Buffer Saline Tween) for 1 hour with shaking at room 169
temperature followed by the incubation of the membrane with 1:1000 of respective antibodies raised in 170
rabbit (MUC4 : Cat# orb399150 & Cat# orb306041, Biorbyt; ADAM12 :Cat# orb155592 & Cat# 171
orb373867; GAPDH as loading control (Cat# orb234217 ) in 5% BSA with gentle shaking overnight (O/N) 172
at 4°C. GAPDH was diluted at a ratio of 1:10000. Secondary antibodies were goat anti-rabbit (Cat# 173
0rb43514) for MUC4 and ADAM12, and goat anti-mouse (Cat# orb500708) for GAPDH. The secondary 174
antibodies were diluted at a ratio of 1:10000, and incubated at room temperature for 1 hour. The signals 175

were detected with Chemiluminiscent HRP Substrate (Bio-Rad). Images were captured and analysed using 176

Chemidoc gel documentation system (Bio- Rad). 177
Statistical analysis 178
Prism software (GraphPad) and Microsoft Excel were used to analyze data and calculate p values deter- 179

mined by statistical tests indicated within the figure legends. Differences between groups were considered 180

significant for p values < 0.05. 181

Survival analysis 182

Two transcriptomics data sets that were generated from colorectal adenocarcinoma patients and published by 183
The Cancer Genomic Atlas (TCGA) research network[12] were used. The TCGA term of the data sets was 184
as follows: “colorectal adenocarcinoma TCGA Firehose Legacy” and “colorectal adenocarcinoma TCGA 185
PanCancer Atlas”. The prognostic importance of ADAM12 and MUC4 was examined using these two data 1s6
sets through “cBioPortal” coupled with Onco Query Language (OQL) tools [13]. The selected genomic 187
profile for the analysis in both data sets was: mMRNA expression (RNA sequencing) z-scores relative to all 188

samples (log RNA Seq V2 RSEM). 189

190
191
192

193
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3. Results

Expression of ADAM12 and MUC4 in CRC patients
We had previously studied exon level expression pattern of genes significantly altered in tumor samples

of our patient cohort [10]. From this study, we further analyzed the expression pattern of ADAM12 and
MUC4 which were among the genes with highest significance in terms of AS in CRC. We analyzed the
expression level of the two genes in patient tumor and normal samples. ADAM12 was upregulated while

MUC4 gene was downregulated significantly in tumor samples (Figure 1 A&B).
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Figure 1: Analysis of microarray data from tumour and normal CRC patient samples

A: Expression patter of ADAM12 as analysed from a previous microarray study. ADAM12 was found to be significantly higher in
tumor samples. B: Expression patter of MUC4 gene as analysed from a previous microarray study. MUC4 was found to be
significantly lower in tumour samples. Graphs represent data from 48 patients. Welch’s t-test was used to determine statistical

significance.
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Potential of ADAM12 and MUC4 as biomarkers in CRC 206
The prognostic potential of ADAM12 and MUC4 was assessed using two transcriptomics data sets from 207
TCGA. ADAM12 significantly predicted OS in patients with colorectal adenocarcinoma. In the data sets 208
termed “colorectal adenocarcinoma TCGA Firehose Legacy”, patients with high expression of ADAM12 209
(z-score>0.2) had short OS (median OS = 63 months), whereas those with low expression (z-score<0.2) 210
showed long survival (median OS = undefined; Figure 2A; p= 0.006; HR= 1.84). Similarly, in the data set 211
“colorectal adenocarcinoma TCGA PanCancer Atlas”, ADAM12 appeared to predict the disease-specific 212
survival (DSS); on the month number 75 the proportion of DSS event was 16% in high expression group 213
(z-score>0.3) compared to 11% in the low expression group (z-score<0.03; Figure 2B, p= 0.05, HR= 1.61). 214
In contrast to ADAM12, MUC4 was found to predict good prognosis of colorectal adenocarcinoma. 215
Increased expression of MUC4 (z-score>-0.83) indicated long survival (median OS= 100 months), whereas 216
decreased expression (z-score<-0.83) identified patients with shorter survival (median OS = 54 months; 217
Figure 2C, p<0.05, HR= 0.59). Supporting this finding, the analysis conducted on data set termed 218

“colorectal adenocarcinoma TCGA PanCancer Atlas” found MUCA4 to be informative of DSS. Figure 2D 219
shows that the proportion of DSS event post month number 75 was 8% on the high expression group 220
(z-score>0.62) compared with 15% in low expression group (z-score<0.62; p= 0.02, HR=0.59). 221
(A) —— ADAM?12 high expression (n= 166) (B)
100-n.—— ADAM12 low expression (n= 213) 1004
@0 75
8 754 8
k] S
g5 % £ %1 —— ADAM12 high ion (n= 216
g g gh expression (n= )
3 ,5| P=0.006 8 ,5| —— ADAM12 low expression (n= 329)
HR=1.84 p=0.05
0 HR=1.61
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Figure 2: Survival curves depicting prognostic potential of ADAM12 and MUC4 The transcript expression of ADAM12 and 222
MUC4 predict the prognosis of colorectal carcinoma. Two TCGA transcriptomics data sets that were generated from patients with 223
colorectal adenocarcinoma were used to evaluate the prognostic potential of ADAM12 and MUCA4. Increased expression of 224
ADAM12 predicted short OS (A; data set: colorectal adenocarcinoma TCGA Firehose Legacy) and short DSS (B; data set: 225
colorectal adenocarcinoma TCGA PanCancer Atlas). Decreased expression of MUC4 predicted short OS (C; data set: colorectal 226
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adenocarcinoma TCGA Firehose Legacy) and short DSS (D data set: colorectal adenocarcinoma TCGA PanCancer Atlas). OS:
overall survival; DSS: disease-specific survival.

In silico identification of ADAM12 and MUC4 isoforms
We catalogued the reported isoforms of ADAM12 and MUC4 genes reported in public databases. We

used the sequence information to design primers for amplification of isoforms as discussed below.

ADAM12 isoforms

In order to characterize the presence of ADAM12 isoforms in the cell lines, we consulted the annotations
from NCBI database. There are five listed isoforms of ADAM12. Table 1 provides details of the transcript
along with annotation from ENSEMBL database and pimer sequence used to amplify group of transcripts.
Primer designed for amplifying all the five protein coding isoforms of ADAM12, is annotated as (AD-
AM12-All). We considered isoforms 2,4&5 (ADAM12-245) as one isoform for primer design, due to their
sequence similarity that exceeds 99%. Similar approach was employed for isoforms 1&3 (ADAM12-13),
see Figure 3A. For ADAM12-All, ADAM12-245, and ADAM12-13, we designed three sets of primers. The
location of primers along with exon organization for ADAM12 is illustrated in Figure 3B. The isoforms 1
and 3 show skipping of exon 23. ADAM12-1&2 have a sequence of 9 nucleotides (GTAATTCTG) that does
not exist in ADAM12-3, 4, & 5. ADAM12-2,4 & 5 are unique with the presence of exon 23. ADAM12-4 has
a stretch of 6 base pairs that are not unique among the isoforms but unique at this location when all the

isoforms are aligned.

SnapGene Analysis
Gene T It ID Isoform size " ont ca
Name ranscript bp alignm ps
ADAM12-2 NM_021641.5 3337 640 650 660 670 680 690 700 ey e
_ ADAM12-2 631 TGCAAGACGGTACTGATGTCTCCCTCGCTCGAAATTACACGGTAATTCTGGGTCACTGTTACTACCATGG 700 |d:ﬂ°ﬂl " 3328 /3343 ( 99.56% )
ADAM12-4 631 TGCAAGACGGTACTGATGTCTCCCTCGCTCGAAATTACAC------~-~- GGGTCACTGTTACTACCATGG 691 _y' )
ADAM12-4 | NM_001288074.2 3334 Gaps: 15/3343 ( 0.45%)
640 650 660 670 680 690
ADAM1Z-2 | NM_021641.5 . 2380 2390 2400 2410 2420 2430 2440 Lonoth: 1343
_ ADAM12-4 2372 ACCTCCCTTCTGTGACAAGTTTGGCTTTGGAGGAAGCACAGACAGCGGCCCCATCCGGCAAGCAGGGAAA 2441 ‘d!:“y'_ 3328 / 3343 ( 99.56% )
ADAM12-2 2381 ACCTCCCTTCTGTGACAAGTTTGGCTTTGGAGGAAGCACAGACAGCGGCCCCATCCGBGCAABC - - - - - = A 2444 N y
» G 3 15/3343 0.45%
(ORI || DUl 5 2390 2400 2410 2420 2430 2440 S / : )
ADAM12-2 | NM_021641.5 3337 Length: 3337
- ADAM12-2 631 TGCAAGACGGTACTGATGTCTCCCTCGCTCGAAATTACACGGTAATTCTGGGTCACTGTTACTACCATGG 700 |dEF?ﬁlY: 33283337 (99.73%)
| et ADAM12-5 631 TGCAAGACGGTACTGATGTCTCCCTCGCTCGAAATTACAC - - - - - - - GGGTCACTGTTACTACCATGE 691 o /3337 ( 0.27%)
ADAM12-4 | NM_001288974.2 3334 ADAM12-5 2381 CTGTGACAAGTTTGGCTTTGBAGGAAGCACAGACAGCBGCCCCATCCBECAAGC - - - - - - AGAAGCAAGG 2444 :Ee"g:(nh:- - fmapman
ADAM12-4 2381 CTGTGACAAGTTTGGCTTTGGAGEAAGCACABACABCEGCCCCATCCBECAABCAGEGAAAGAAGCAAGE 2450 entity: 13334 ( )
ADAM12-5 | NM_001288975.2 3328 Gaps: 6/3334 ( 018%)
ADAM12-2 | NM_021641.5 3337
T6CARGACEETACTEATETCTCCCTCGLTOGAARTTACAC TCACTETTACTACCAT CARGCA (15/3343 bp) 0.45%
ADAM12-4 | NM_001288974.2 3334 o o1 < o
| ADaAr TGCAAGACGGTACT! ACE - - - - - - - - - GETCAL 66 CH
hon T A CACOOTACT CATOTETCCETCOETCRMATTACACE ||| COTEACTSTTACTACEATES & br) 90.55%
ADAM12-5 | NM_001288075.2 3328 P) 98.55%
640 650 660 670 680 690 700
ADAM12-1 |  NM_003474.56 7950 Length: 7950
- ADAM12-1 631 TGCAAGACGGTACTGATGTCTCCCTCGCTCGAAATTACACGGTAATTCTGGGTCACTGTTAGCTACCATGE 700 dartye 704177950 ( 99.89% )
ADAM12-3 631 TGCAAGACGGTACTGATGTCTCCCTCGCTCGAAATTACAC -~~~ - - GGGTCACTGTTACTACCATGG 691 "
ADAM12-3 | NM_001288073.2 7041 i o P e s o Gaps: 9/7950 ( 0.1 %)
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Alternative Splicing of ADAM12 Protein Coding Isoforms

123 4 567 891011121314151617 181920 212223 24 2526 27 28

123456 78910111213 15192021 22 24 252627 28
pre-mRNA of ADAM12-1 7950 nt

123456 78910111213 1519 20 21 22 24 252627 28

pre-mRNA of ADAM12-3 7941 nt
ADAM12-All A

r

AADAM12-13

AADAM12-245
12345678 9101112131519 202122 23

pre-mRNA of ADAM12-2 3337 nt
'CGGTAATTCTG GG A
GGGAAA
_V_J
12345678 9101112131519 202122 23
pre-mRNA of ADAM12-4 3334 nt

12345678 9101112131519 202122 23
pre-mRNA of ADAM12-5 3328 nt

246

Figure 3: Sequence similarity analyses for ADAM12 247
A: Sequence similarity of ADAM12 isoforms. B: Illustration of exon organization of ADAM12 that was used for designing primers 248
for specific amplification of alternatively spliced isoforms. There are five alternatively spliced isoforms of ADAM12. The gene 249
ADAM12 and the isoforms are presented here as horizontal lines. Each vertical bar represent the exon separated by intronic regions. 250
The isoforms depicts the phenomenon of alternative splicing via skipping of exon 14 in all the isoforms, and pretermination in the 251

isoforms 2,4, and 5. 252
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253

MUC4 Isoforms 254
We used the annotation of NCBI database to identify MUC4 isoforms.. Table 2 provides details of the 255

transcripts along with  annotation from ENSEMBL database. According to NCBI database, MUC4 isoform 256
1 size is 16756 bp, MUC4 isoform 4 size is 4048 bp, MUC4 isoform 5 size is 3895 bp, and MUC4 isoform 6 257
size is 22824 bp. 258
We designed primers that amplify the four MUC4 protein coding isoforms and we called them MUC4-AIl. 259
There was high similarity (99%) between MUC4 isoform 1 (MUC4-1) and MUC4 isoform 6 (MUC4-6) 260
without their corresponding tandem repeat sequences. Therefore, we designed primers that amplify these 261
two, and we call them MUC4-16 . There were two gap regions and 7 mismatches (only 2 are represented in 262
the figure) among the two sequences (Figure 4A). Skipping of exon 2 and 25 is common in all the isoforms. 263
Additionally, MUC4-4 shows skipping of exon 2&3, and MUC4-5 shows skipping of exons 2,3&4. The 264

location of primers along with exon structure is illustrated in Figure 4B. AS at exon junction creates unique 265

Gene - . Isoform size

Name anscript ID bp alignment Gaps
i i MUC4-6 1 T rey A TTCC G AGAAA GCAC'VGG"CGGG:’:AECEGCCTGAGGGGACGGGC'CACEVCVEC'EEYEACAC'GCAGC'GCVG 10 e ; o008

MUCA-1 : GCACTTGGTTCOGGCCAGECOCCTGAGGGRACEEGCTCACGTCTGETCCTCACACTGEAGETGETG 66 | IOCNLItY: 6751/ 6868 ( 96.30% )
MUC4-1 NM_018406.7 16756 1 a = 109/6868 ( 1.59%)
muces |mwoorsaent | e |, TR T YT T AT AT AT A R Y TS TR ATOA R TR Y e e [ =

MUCA-1 397 GATGATGACATCAACTCTTTTTTCTTCCCCAAGTGTACACAATGTGAT GGAGACAGCTCCTCCAGATGAAATGACCACATCATTTCCCTCCAGTG #01 ‘dm 6751/5868(9830%)
MUC4-1 NM_018406.7 16756 “ . . Gaps: 109/6868 ( 159%)
MUC4-6 | NM_001322468.1 22824 g

MUCA-6 91 CTTGGAAACCCAGOGGAGACATCATCAGTACCTGTTACTGGAAGTCTTATGCCAGTCACCTCAGCAGCCTTAGTAACAGTTGATCCAGAAGGACAATCACCAGTAACTTT 1100 | jantipy: 6751/ 6868 ( 98.30% )

MUCA-1 932 CTTGGAAACCCAGGGGAGACATCATCAGTACCTGTTACTGGAAGTCTTATGCCAGTCACCTCAGCAGCCTTAGTAACAT TTGATCCAGAAGGACAATCACCAGCAACTTT 1041
MUC4-1 NM_018406.7 16756 o 2 2 9 5 v “ Gaps: 109/6868 ( 159%) 267
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Alternative Splicing of MUC4 Protein Coding Isoforms

12 3 45678910111213 141516 17 18 19 20 21 22 23 24 2526 27

CTCTTTTGTCCTCTTCCCAGGTTCCCTGGCCCCTTCGGAGAAAC CCAAAA
v —
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|
268
Figure 4: Sequence similarity analyses for MUC4 269
A: Sequence similarity of MUC4 isoforms. B: Illustration of exon organization of MUC4 that was used for designing primers for 270
specific amplification of isoforms Alternative splicing of MUC4 protein coding isoforms. The gene MUC4 and the isoforms are 271
presented here as horizontal lines. Each vertical bar represent the exon separated by intronic regions. With MUC4-6, we used the 272
first 44 bp that is unique to it in exon 1, with the slight difference in exon 3 as basis for the primer design. 273
274

275
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Amplification of ADAM12 and MUC4 isoforms
Endpoint PCR results show specific and expected bands sizes for the primers ADAM12-All, AD-

AM12-245, and ADAM12-13 (Figure 5). ADAM12-All primers show lowest expression levels among
the three set of primers we studied. ADAM12-All shows differential expression among the three cell
lines. CCD841 shows highest expression level, followed by SW480, and SW620 exhibits least expression
(Figure 5A). ADAM12-245 as well as ADAM12-13, do not show any apparent change in expression lev-

el among the three cell lines (Figure 5B&C).

CCD841 SW480 SW620

zoobp—>- ADAM12-All
A

200bp+= o
B

zoobp->- ADAM12-13
C

150bp GAPDH

200bp=p- B-ACTIN

Figure 5: PCR Amplification of specific isoforms of ADAM12

Agarose gel analyses of PCR amplified products using specific set of primers. There was a difference in expression levels when
ADAM12-All primers were used (A) whereas ADAM12-245 (B) and ADAM12-13 (C) showed similar expression levels in all
three cell lines. Both GAPDH and ACTB were used as housekeeping endogenous controls.
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287
Further, we confirmed the sequence of the amplicons of ADAM12-All, ADAM12-245, and ADAM12-13 288
from the cell lines CCD841, SW480 and SW620. Results from Sanger sequencing show the NCBI blast- 289
ing alignment score of confidence between 99 and 100% (Supplementary Figure 1). 290
Semi-quantitative estimation from endpoint PCR with the primers for MUCA4-All show that CCD841 is least 291
expressed but similar expression pattern was observed in SW480 and SW620 (Figure 6A). Primers for 292
MUC4-1&6, MUC4-4 were able to amplify specifically and show single bands corresponding to expected 293
amplicon size (Figure 6 B&C). 294

CCD841 SW480 SW620

200bp = MUC4-AIl
A
MUC4-16
200bp
B
150bp = MuC4-4
C
h -»- -
200bp+- o
Figure 6: PCR Amplification of specific isoforms of MUC4 295

Agarose gel analyses of PCR amplified products using specific set of primers. There was a difference in expression levels when 296
ADAM12-All primers were used (A) whereas MUC4-16 (B) and MUC4-4 (C) showed similar expression levels in all 3 cell lines. 297
Both GAPDH and ACTB were used as housekeeping endogenous controls. 298
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299
We were unable to detect specific amplicons for MUC4-6 and MUCA4-1. All primers sets used for MUC4-6 300
and MUC4-1 resulted in different amplicons showed as multiple bands (supplementary Figure 2). 301
Amplicons from these primers were subjected to Sanger sequencing . We then aligned the sequences of the 302
amplicons from MUC4-All, MUC4-16 and MUC4-4 with the reference isoform using SnapGene, and blast 303
the sequences via NCBI. The scores of confidence were between 95 and 100% (Supplementary Figure 3). 304
Amplification of isoforms MUC4-1 and MUC4-6 resulted in multiple bands. We cut the two specific bands 305
of expected size for isoform 1&6 along with two other non-specific bands to sequence them. The Sanger 306
Sequencing results of these four bands show that they correspond to MUC4-1 and MUC4-6 with the same 307
scoring confidence across all the three cell lines CCD841, SW480, and SW620. The scoring confidence is 308
between 98 and 93%, apart from one band (320 kb; unexpected band size) that was amplified by MUC4-6 309

primers in SW480 cells (Supplementary Figure 4). 310

Quantitative assessment of expression of ADAM12 and MUC4 isoforms 311
Expression of ADAM12 as measured by ADAM12-All primers shows downregulation of ADAM12 in 312

SW480 (RQ=0.25), and SW620 expression was approximately half of SW480 with RQ=0.1. Isoforms 313
detected by primers ADAM12-245 show similar expression between CCD841 and SW480 whereas 314
SW620 shows almost double the expression with RQ=2. ADAM12-13 primers exhibited similar expres- 315
sion pattern (Figure 7A). 316
MUC-4-All primers detected very high expression increase of MUC4 in SW480 cells. Isoforms detected 317
by MUCA4-5 primers also exhibited similar pattern. However, MUCA4-16 primers detected increasing levels 318
of transcripts in CCD841<SW480<SW620. MUC4-4 primers also resulted in similar expression pattern as 319

MUCA4-16, but with higher differential expression values between the three cell lines (Figure 7B). 320
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Figure 7: Quantification of ADAM12 and MUC4 isoforms in cell lines

Quantitative RT-PCR analyses suggest differential expression of isoforms in normal colon (CCD841) primary (SW480) and
metastatic (SW620) colorectal cancer. The pattern of expression is different among the isoforms as well. A: ADAM12-All
primers showed a decreasing trend in CCD841>SW480>SW620 whereas ADAM12-245 exhibits CCD841=SW480>SW620
pattern. Similar trend was observed with ADAM12-13 primers. B: MUC4-AIl shows an increasing pattern from normal to

metastatic cells whereas MUC4-16 and MUCA4-4 primers had no difference in expression levels of amplified isoforms.
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Effect of 5-Fluorouracil treatment on expression of ADAM12 and MUC4 isoforms

We studied the effect of 5-fluorouracil on the expression of the isoforms. ADAM12-All primers detected
isoforms with maximum expression in SW620 cells treated with 100uM drug for 24h while the least
expression was observed in the same cells treated with 10uM in same time frame (Figure 8A). With
ADAM12-245 primers SW480 cells treated with 5-FU for 96h showed highest expression while treatment of
same cells with 1uM 5-FU for 24h caused highest downregulation (Figure 8B).

For MUC4-AII, highest expression was in response to treatment of SW620 cells with 5-FU (100uM) for 24h
whereas lowest expression was observed in SW480 cells treated with 100uM 5-FU for 24h (Figure 8C).
Isoforms detected by MUC4-4 were found to be at maximum level in SW480 cells treated with 10uM 5-FU

for 96h while lowest levels were observed in SW620 cells treated with 1uM 5-FU for 72h (Figure 8D).

as
ot
o1
0z
o1
iz

% oo

Figure 8: Change in expression level of ADAM12 and MUCH4 in response to 5-FU treatments

Expression level of ADAM12 and MUC4 isoforms was studied in response to different levels of 5-FU for duration up to 96h.
Waterfall plots were generated for 0,1,10 and 100uM of 5-FU treatments for 24,48,72 and 96h in SW480 and SW620 cells.
Expression pattern of isoforms detected by A: ADAM12-All, B: ADAM12-245, C:MUCA4-All, D: MUCA4-4 set of primers.
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Isoform analysis using RNA sequencing 343

We used RNA sequencing (RNA-Seq) to quantify the expression of the five isoforms of ADAM12 and the 344
four isoforms of MUCA4, according to NCBI RefSeq database. However, the results from the RNA Seq were 345
annotated according to Ensembl GRCh37. RNA-Seq results show expression level for each isoform by 346
Fragments Per Kilobase of transcript per Million mapped reads (FPKM). Table 3 shows the expression 347
values for ADAM12 and MUC4 isoforms. 348
In order to understand the possible role of splicing genes in colorectal cancer, we analysed the RNA-Seq 349
data. Among the six well known genes associated with AS, FUBP1 was found to be upregulated with >1.5 350
fold change in SW620 cells whereas U2AF1L4 gene was significantly downregulated (fold change 0.47) 351
(Table 4). 352

Detection of ADAM12 and MUC4 isoforms at protein level 353

Probable protein isoforms of ADAM12 and MUC4 that were reported in Uniprot were used as reference for 354
western bot results (Table 5) . We attempted to detect ADAM12 protein from the whole cell extract of 355
three cell lines. Using antibody (cat# orb373867), we identified a ~100KDa isoform of ADAM 12 which 356
matched the expected size of Isoform 1 from Uniprot database. The protein levels were detected at highest 357
level in SW480 followed by SW620 and least was in CCD841 (Figure 9A). Another antibody (cat# 358
orb155592) that could detect any of the remaining three isoforms showed similar expression level of 359
ADAM12 in SW480 and SW620 cells but no protein was found in CCD841 cells (Figure 9B). 360
Two different MUC4 antibodies detected isoform 1 with an expected size of 230KDa. One of these 361
antibodies (Cat# orb306041) could not detect any band in CCD841 (Figure 9C) whereas other one (Cat# 362
0rb399150) did react with a protein band of ~232KDa (Figure 9D). 363
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Figure 9: Western blot analyses of ADAM12 and MUC4 isoforms in cell lines 365

Immunoblot analyses of ADAM12 resulted in successful detection of ADAM12 using two different antibodies with an expected 366
size of ~100KDa (Figure 9A&B). MUC4 was not detected by one of the antibodies in CCD481 cells (Figure 9C) but using 367
another antibody showed a band of ~232KDa (Figure 9D). 368
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We attempted to identify secreted isoforms but could not detect either ADAM12 or MUC4 in conditioned 369
media. All Protein blots were repeated and the original blots are given as supplementary figure 5. 370

3. Discussion 371
From our previous study on colorectal cancer patients in Saudi Arabia, we had identified novel genes 372
that were differentially expressed as well as alternatively spliced in a highly significant manner. In the 373
present study, we further characterized the isoforms of these two genes in an unstudied cell line model. 374
AS is a complex mechanism of generating multiple functional isoforms from the same gene. This allows 375
the genome to generate a diversified transcriptome as well as proteome[14]. Almost all genes with more 376
than one exons undergo AS [15,16]. The changes in alternative splicing mechanism resulting into altered 377
ratio of splice variants causing increased progression and metastasis has been reported [17]. Hence, 378
alternative splicing has been suggested as another hall mark of cancer [18]. A recent review has nicely 379
pointed out the therapeutic potential unleashed by the study on alternative splicing in context of cancer 3so
[19]. Alternative splicing allows certain exons to be included or excluded from the final mature mMRNA  3s1
resulting into different protein isoforms that generates functional diversity. It has been demonstrated that 3s2
approximately 95% of human genes with multiple exons undergo alternative splicing during pre-mRNA 383
maturation [20]. The association of different splice isoforms with particular stage of disease has also 354
been evidenced. CXCL12 and 1G20/MADD are good examples of genes whose isoform expression 385
patterns change with disease progression [21]. A comprehensive study of AS events in colorectal cancer 386
suggests its role in determining prognosis [22] which has been provided in our study as a confirmation. 387
Apart from understanding the functional role of these alternatively spliced isoforms in causing disease, 388
there is an important aspect of their use as biomarkers. Specific splice variants have been reported for 389
several types of cancer [23-25]. For CRC, 5 genes were reported to be alternatively spliced [26]. Recent 39
study suggests the use of AS in characterizing left and right sided CRC which is an established 391
prognostic indicator [27]. 392
ADAM12 has been reported to be involved in a variety of diseases specially in cancer. ADAM12 is from 393
family of disintegrin-containing metalloproteases. It has been shown to be very diverse in function in 304
both normal and pathological states like remodeling of cell surface, shedding of ectodomain, regulation 395

of availability of growth factors and facilitating interactions between cell and matrix [28] [29,30]. 39
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Several studies suggest that ADAM 12 is a key player in remodeling of extracellular matrix, an 397
important sign of neoplastic disease. 398
Mucins are well known to be involved in CRC initiation and progression. Family of mucins was found to 399
be downregulated in the same patient cohort that we report in this study [31]. MUC4 has [29]been 400
reported to be alternatively spliced to generate secreted as well as membrane associated proteins. The 401
genomic organization of MUC4 is not well understood especially with a context. RT-PCR based studies 402
analysed MUC4 exon organization and expression in different types of tissues [32]. This result support 403
our study where we take it further and study its expression in different cell lines using qRT-PCR and 404
RNASeq studies. We detected the membrane bound protein but could not detect it in secreted form. 405
There has been no prior study about detecting MUC4 in cell lines. More sophisticated techniques are 406
needed to detect this heavily glycosylated protein. Our results showing exon skipping events are 407
supported by prior studies where MUC4 was one of the 6 genes that showed cancer tissue specific 408
differential exon skipping [33]. The product amplicon of MUC4-16 is (223bp). This amplicon has one 409
nucleotide difference in the sequence between MUC4-1 and MUC4-6. MUC4-1 has a C nucleotide, and 410
MUC4-6 has an Adenine (A) nucleotide instead. We were able to detect the MUC4-6 (with ‘A’ 4n1
nucleotide) using Sanger sequencing. There is no annotation for MUC4-6 in ENSEMBL. However, 412
MUC4-1 is annotated by ENSEMBL, and our results from the RNA sequencing depend on ENSEMBL 413
and show MUCA4-1 expression. The expression of MUCA4-1 in comparison to other isoforms is low, and 414
this may explain why we were not able to detect MUC4-1 by Sanger sequencing. It might be that the 415
expression of MUCA4-6 is higher than the expression of MUC4-1, and so after the amplification, Sanger 416
sequencing was only able to detect MUC4-6. MUC4 isoform 5 (MUC4-5) is quite interesting; its 417
uniqueness comes from a C nucleotide. Also what makes MUC4-5 different from MUC4-6 is a G 418
nucleotide in MUC4-5, whereas MUC4-6 has an A. Other than these two differences, the whole 419
sequence of MUCA4-5 matches to all the four isoforms. These two differences are not part of the 420
amplicon of the primers of MUC4-5. Therefore, MUC4-5 primers are amplifying all the four isoforms, 421
however, they do not show the same expression profile as MUC4-AII. 422
This study provides evidence with higher probability of establishing the role of alternatively spliced 423

isoforms as biomarkers. Comprehensive analyses of gene organization advances the field of largely un- 424
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studied mechanism of AS. With the help of prior evidence, we selected genes that were most probable 425
candidates to serve as biomarkers for CRC. From this study we can conclude that ADAM12 and MUC4 426
isoforms can be potential candidates for CRC metastasis. However, more work is needed to detect 427

ADAM12 and MUC4 in secreted form. Further design of primers that can exclusively amplify a single 428

isoform would be undertaken to study their role as prognostic biomarkers. 429
Limitations: It was not possible to correlate the gene isoforms with identified protein. 430
5. Conclusions 431

This study provides characterization of two genes —~ADAM12 and MUC4 in terms of their isoforms. We found that the 432
expression pattern of isoforms is different from the gene expression in different cell lines. The isoform expression pat- 433
tern changed in response to drug treatments as well. Detection of these isoforms at protein level was observed with 434
variation among the cell lines and antibodies used. This evidence supports the notion of using alternatively spliced 435
isoforms at prognostic and predictive biomarkers 436

Supplementary Materials: Figure S1: title, Table S1: title, Video S1. title. 437
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Tablel: Primer design for protein coding alternatively spliced isoforms of ADAM12

Gene isoform Transcript ID Primer Sequence Amplicon Size in base pair (bp)
F-GTAGCTGTCAAATGGCG
ADAM12-All 198bp
R-CCACAAATCTGTTCCCAC
ADAM12-1 ENST00000368679.4* F-CCAACTCGTATAGCATGCATC
NM_003474.6** 197bp
ADAMI.g | oTO0000448723 T R CAATGCCCACGTAATGCAC
NM_001288973.2**
ENST00000368676.4*
ADAMI12-2 F-CTGCTCCTGAGAGAGTAGC
NM_021641.5**
*k 205b
ADAM12.4 | NM_001288974.2 p
R-CAGAGCATTAAGTTGCAGCC
ADAM12.5 | NM_001288975.2
F-GAAAGAAGCAAGGCAGGA
ADAMI12-4 |  NM_001288974.2%* 231bp
R-CGTTTCCATGACAACAGAC
ENSG00000111640* F-ACCCAGAAGACTGTG 1396
GAPDH P
NG_007073.2** | R-CAGTGAGCTTCCCGTTCAG
ENSG00000075624* | F-TGACGTGGACATCCGCAAAG 205h
ACTNB P
NG_007992.1** | R-CTGGAAGGTGGACAGCGAGG

*ENSEMBL database ** NCBI database
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Table 2. Primer sequence to amplify protein coding alternatively spliced isoforms of MUC4 554
555
Gene Isoform Transcript ID Primer Sequence Amplicon Size in base pair (bp)
F-GCTTACTTCAGATGCGATG 210bp

MUCA4-All Isoforms
R-GTCGAGTTTCATGCTCAGG

NM_018406.7**

MUC4-1 F-GAGAGGCTCTTCTCAGCAG
ENST00000463781.3*
223bp
MUC4-6 NM_001322468.1** | R-GATTCTTGTGTGGTCTGCG
F-AGGCCACCCTTCTTCCT Band A (180bp)
MUC4-6 NM_001322468.1**
R-CTGAGGAAGCGTCCGTG Band B (320bp)

ENST00000349607.4* | F-CACTTGGTTCGGGCCAGC
MUC4-5 186bp
NM_138297.5** R-CACATGCGGAAGGAGGCAG

ENST00000346145.4* | F-GTCTGCTCCTCACACTGC

MUC4-4 158bp
NM_004532.6** R-ATTCCTGGGACCACATGCG
ENST00000463781.3* | F-CCATCCCTTCCTCAGTATCC Band A (282bp)
MUC4-1
NM_018406.7** R-GAAGAGGGGTGGCATGTC Band B (240bp)

*ENSMBL database **NCBI database 556
557
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Table 3: FPKM values for ADAM12 and MUC transcripts obtained from RNA Seq data.

ADAM12_ENSG00000148848.10 | 0.0245429 0.0241492 0.983958701
ADAM12_ENST00000368679.4 0.00916641 0.000339521 0.037039692
ADAM12_ENST00000368676.4 0.0273946 0.0424578 1.549860191
ADAM12_ENST00000467145.1 0 5.45E-05
ADAM12_ENST00000482291.1 0.0861337 9.29E-05 0.001079091
ADAM12_ENST00000485388.2 0.010143 0 0
ADAM12_ENST00000448723.1 0.0269748 0.00363765 0.134853641
ADAM12_ENST00000494661.1 0 1.44E-18
MUC4_ENST00000415455.1 4.40E-06 4.54E-10 1.03E-04
MUC4_ENST00000308466.8 7.57E-09 1.71E-12 2.26E-04
MUC4_ENST00000392407.2 0.112782 0.0177344 1.57E-01
MUC4_ENST00000339251.5 8.73E-06 0.0596096 6.83E+03
MUC4_ENST00000448861.1 0.00120339 0.00127307 1.06E+00
MUC4_ENST00000349607 .4 2.30E-07 4.93E-13 2.14E-06
MUC4_ENST00000346145.4 6.92E-12 2.68E-07 3.87E+04
MUC4_ENST00000478156.1 1.28E-91 1.11E-25 8.67E+65
MUC4_ENSG00000145113.17 0.0510692 0.0332947 6.52E-01
MUC4_ENST00000463781.3 1.02E-66 5.30E-23 5.20E+43
MUC4_ENST00000479406.1 2.42E-93 6.33E-30 2.62E+63
MUC4_ENST00000462323.1 3.35E-94 2.96E-32 8.84E+61
MUC4_ENST00000475231.1 9.90E-95 1.02E-32 1.03E+62
MUC4_ENST00000470451.1 5.26E-94 4.40E-32 8.37E+61
MUC4_ENST00000480843.1 1.55E-94 1.51E-32 9.74E+61
MUC4_ENST00000477086.1 3.49E-90 2.11E-30 6.05E+59
MUC4_ENST00000466475.1 8.35E-91 6.02E-31 7.21E+59
MUC4_ENST00000477756.1 1.63E-90 1.08E-30 6.63E+59
MUC4_ENST00000464234.1 1.63E-56 1.69E-12 1.04E+44
MUC4_ENST00000467235.1 0.0118175 0.0397415 3.36E+00
MUC4_ENST00000469992.1 2.94E-76 0.153917 5.24E+74
MUC4_ENST00000486425.1 2.02E-234 6.08E-94 3.01E+140
MUC4_ENST00000478685.1 2.08E-76 0.11691 5.62E+74
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Table 4: RNA-Seq analysis of splicing factor genes in terms of fold change differences between metastatic (SW620) 564

and primary (SW480) colorectal cancer cell lines 565
Gene SW620 SW480 Fold Change
(SW480/SW620)
SF3B1 287.3 242.6 1.18
U2Af1 91.08 109.47 0.83
U2AF1L4 1.228 2.64 0.47
SRSF2 225.8 200.5 1.12
RBM10 124.05 89.05 1.39
FUBP1 157.3 104.5 1.5
SRPK1 123.48 118.4 1.04
Values represent normalized FPKM values from RNA Seq analyses 566
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Table 5: Details of protein isoforms obtained from Uniprot knowledgebase (UniprotKB). 568
ADAM12 Mass (Da)

Isoform 1 99,542

also known as: 12L

Isoform 2 80,403

Also known as: 12S
The sequence of this isoform differs from the canonical sequence as follows:
DNQGLTIGILVTILCLLAAGFVVYLKRKTLIRLL— EARQEAAESNRERGQGQEPVGSQEHA
STASLTLI
Isoform 3 80,078
The sequence of this isoform differs from the canonical sequence as follows:
114-116: Missing.
705-738: DNQGLTIGILVTILCLLAAGFVVYLKRKTLIRLL
— EARQEAAESNRERGQGQEPVGSQEHASTASLTLI
739-909: Missing.
Isoform 4 80,263
The sequence of this isoform differs from the canonical sequence as follows:
114-116: Missing.
705-740: DNQGLTIGILVTILCLLAAGFVVYLKRKTLIRLLFT
— GKEARQEAAESNRERGQGQEPVGSQEHASTASLTLI
741-909: Missing.
MUC4
Isoform 1 231,518

This isoform has been chosen as the canonical sequence

Isoform 2 118,842
Also known as: Sv12, Sv13
The sequence of this isoform differs from the canonical sequence as follows:
1117-1157: FTDNGQIIFP...PVALVAPFWD — ASQAGTLWPW..TRRSMVNTAC
1158-2169: Missing.
Isoform 3 194,147
Also known as: Sv20

The sequence of this isoform differs from the canonical sequence as follows:
1814-1827: VAGCKCDGGTFGRY — LWGALSCVRTSPAL
1828-2169: Missing.

Isoform 5 1,215

Also known as: Sv18, Sv19

The sequence of this isoform differs from the canonical sequence as follows:
1172-1223: Missing.

1258-1267: GNPVLMGFSS — VEMAFSKTAH
1268-2169: Missing.



https://www.uniprot.org/blast/?about=O43184%5B114-116%5D
https://www.uniprot.org/blast/?about=O43184%5B705-738%5D
https://www.uniprot.org/blast/?about=O43184%5B739-909%5D
https://www.uniprot.org/blast/?about=O43184%5B114-116%5D
https://www.uniprot.org/blast/?about=O43184%5B705-740%5D
https://www.uniprot.org/blast/?about=O43184%5B741-909%5D
https://www.uniprot.org/blast/?about=Q99102%5B1117-1157%5D
https://www.uniprot.org/blast/?about=Q99102%5B1158-2169%5D
https://www.uniprot.org/blast/?about=Q99102%5B1814-1827%5D
https://www.uniprot.org/blast/?about=Q99102%5B1828-2169%5D
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Source: www.uniprot.org. This information was used to analyse ADAMI12 and MUC western blotting results from 569
whole cell lysates of CCD841, SW480 and SW620 cells. 570

571


http://www.uniprot.org/
https://doi.org/10.20944/preprints202106.0102.v2

