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ABSTRACT

GWAS have identified numerous SNPs associated with prostate cancer risk. One such SNP is
rs10993994. ltis located in the MSMB promoter, associates with MSMB encoded B-
microseminoprotein prostate secretion levels, and is associated with mRNA expression changes in
MSMB and the adjacent gene NCOA4. In addition, our previous work showed a second SNP,
rs7098889, is in LD with rs10993994 and associated with MSMB expression independent of
rs10993994. Here, we generate a series of clones with single alleles removed by double guide RNA
(gRNA) mediated CRISPR/Cas9 deletions. We demonstrate that each of these SNPs independently
and greatly alters MSMB expression in an allele-specific manner. We further show that these SNPs
have no substantial effect on the expression of NCOA4. These data demonstrate that a single SNP
can have a large effect on gene expression and illustrate the importance of functional validation to
deconvolute observed correlations. The method we have developed is generally applicable to test
any SNP for which a relevant heterozygous cell line is available.

INTRODUCTION

Though genome wide association studies (GWAS) have identified numerous genetic polymorphisms
associated with increased risk of disease, the function of these variants remains largely unknown.
Just as 99% of the human genome is non-coding sequence, the vast majority of GWAS identified risk
associated single nucleotide polymorphisms (SNPs), and SNPs with which they are in high linkage
disequilibrium (LD), are located within the non-coding region of the genome (1-3). They are enriched
in regulatory regions of the genome and may alter regulatory elements and expression of nearby
genes based on studies on epigenetics and expression quantitative trait loci (eQTLs)(2—7). Consistent
with this, SNPs in regulatory regions appear to be under evolutionary constraint(8). Experimental
validation of this hypothesis has been restricted to a few targeted examples(9-19). A recent loss-of-
function screen in 501 cancer cell lines revealed that 82% of cancers depend on RNA expression
level(20), far exceeding mutations and copy number changes, underscoring the importance to study
the role of cancer risk variants in gene expression.

Prostate cancer, the second leading cause of cancer-related death in men in the United States, is a
good model to investigate the mechanism through which common variants influence disease risk.
Prostate cancer is highly heritable, as evidenced by increased rates of comorbidity among
monozygotic twins compared to dizygotic twins(21-23). To date, approximately 100 independent risk
SNPs have been identified (24). These variants tend to be associated with gene expression changes
in normal prostate tissue, prostate cancer, and prostatic secretions (25-30) and are found more often
in prostatic regulatory regions(31, 32). For instance, the prostate cancer risk SNP rs10993994 is
located in the promoter of MSMB, which encodes 3-microseminoprotein (B-MSP), one of the most
abundant proteins in prostate secretions. This SNP is associated with changes in the mRNA level of
MSMB as well as the nearby androgen receptor co-regulator NCOA4(25, 30, 33). Levels of B-MSP in
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both blood and semen are also associated with this SNP, as are levels of the prostate-secreted
proteins prostate-specific antigen (PSA; gene name KLK3) and human kallikrein-related peptidase 2
(hK2; gene name KLK2)(30). Rs10993994 is in a 33kb LD block, within which we had also found a
second SNP, rs7098889, that is associated with B-MSP levels in prostate tissue independent of
rs10993994(30).

With the advent of genome editing tools in mammalian cells such as CRISPR/Cas9(34), it is possible
to envision testing a large number of loci for their effect on target gene expression and phenotype.
Here, we have chosen to use the highly efficient paired gRNA system(34, 35) to delete a candidate
regulatory region. This way, in a heterozygote cell line, we can disentangle the effect of each of the
two alleles. Here, we apply this system to rs10993994 and rs7098889. We demonstrate that each of
these SNPs independently and greatly alters MSMB expression in an allele-specific manner. We
further show that these SNPs have no substantial effect on the expression of NCOA4, nor do they
have a direct effect on the prostate secreted proteins hK2 and PSA. These data demonstrate that a
single SNP can have a large effect on gene expression and illustrate the importance of functional
validation to deconvolute observed correlations. The method we have developed is generally

applicable to test any SNP for which a relevant heterozygous cell line is available.

MATERIAL AND METHODS

CRISPR/Cas9 mediated genome editing with paired gRNAs

We designed paired guide RNAs flanking either the rs7098889 (rs7098889-g1 and rs7098889-g4,
Supplementary table 1) or the rs10993994 (rs10993994-g4a and rs10993994-g4b, Supplementary
table 2) sites with the Broad Institute CRISPR Design tool (crispr.mit.edu). Guide RNAs were chosen
based on the best specificity while maintaining a deletion size of around 200bp. Additionally, since
rs1099394 is so close to the transcription start site (TSS) of MSMB, the downstream flanking gRNA
was chosen to preserve the TSS. Each pair of gRNAs were cloned into pSpCas9(BB)-2A-GFP
(PX458) (Addgene, Cambridge, MA, Plasmid 48138) and pSpCas9(BB)-2A-Puro (PX459) V2.0
(Addgene, Plasmid 62988) vectors respectively with CRISPR cloning service from Genscript
(Piscataway, NJ). The PX458 vector expresses the Cas9 nuclease, upstream gRNA and the EGFP
transfection marker, while the PX459 vector expresses the Cas9 nuclease, downstream gRNA and a
puromycin selection marker. The combined use of PX458 and PX459 for paired gRNAs transfection
provides convenience to both visualize transfection efficiency under a fluorescence microscope and to
do post-transfection puromycin drug selection.

Cell culture and transfection

Both the prostate cancer cell line LNCaP (CRL-1740) and the gastric cancer cell line AGS were
obtained from ATCC (ATCC, Rockville, MD). The LNCaP cells were cultured in RPMI 1640 medium
(Gibco 11875-093, Life Technologies) supplemented with 15% fetal bovine serum (FBS) and the AGS
cells were cultured in F12K medium (Gibco 21127-022, Life Technologies) with 10% FBS, both with
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the presence of 1% penicillin/streptomycin (Gibco 15140-122, Life Technologies). Cells were kept in
standard 37°C, 5% CO2 incubator. Cells were split the day before transfection and allowed to reach
30-70% confluence on the day of transfection. To generate deletion of the rs7098889 site, 2ug each
of PX458-rs7098889-g1 and PX459v2-rs7098889-g4 plasmids were mixed with 250ul Opti-MEM
(Gibco 31985-070, Life Technologies), then gently mixed with room temperature 10ul Lipofectmine
2000/250pl Opti-MEM mix. After 20 min incubation at room temperature, the mix was added evenly to
cells. Cells were put back in the incubator for 4-6 hours before changing to 37°C warm and fresh
medium. As control, the empty vector PX458 and PX459v2 pair were transfected in parallel. 36-48
hours later, transfected GFP positive cells were observed under fluorescent microscopy to ensure
successful transfection. Puromycin selection was begun by incubating cells in the presence of 2ug/ml
puromycin (Santa Cruz Biotechnology sc-108071). Approximately 3-7 days later, puromycin was
reduced to 0.5ug/ul for post-selection cell expansion. For single cell cloning, 1ug of each plasmid was

used in transfection to reduce transfection and deletion efficiency.

Genomic PCR and identification of isogenic allelic deletion by Sanger sequencing

Genomic DNA was extracted from bulk transfected LNCaP or AGS cells upon completion of
puromycin selection using DNeasy kit (Qiagen, Germany), or from LNCaP single clones derived from
the bulk transfections. Deletion was confirmed by PCR amplification using primers flanking the
deletion region, rs7098889-Forl and rs7098889-Rev1 for rs7098889 site (Supplementary Table 1,
synthesized by Invitrogen); and rs10993994-F1 and rs10993994-R1 (Supplementary Table 2,
synthesized by Invitrogen) for rs10993994 site. Touchdown PCR was used (95°C 1 min; 10 cycles of
95°C 15 sec, 68°C -1°C/cycle 15 sec, 72°C 30 sec; 25 cycles of 95°C 15 sec, 60°C 15 sec, 72°C 30
sec; 72°C 5 min, 4°C incubate). PCR products were resolved on 1.5% agarose gel stained by SYBR
green and visualized under UV light. Alleles with deletion end up with 178bp band compared to the
369bp no deletion band for rs7098889 deletion; 274bp vs. 479bp for rs10993994 deletion. All bands
were excised from the agarose gel, purified by QIAquick Gel Extraction Kit (Qiagen, Germany), and
sent for Sanger sequencing (Genewiz) for sequence validation. Only the clones with correct deletion
junction and correct wild type sequence were used for further analysis.

Total RNA extraction and real time qPCR analysis

To compare gene expression changes of MSMB, NCOA4, KLK2 and KLK3 from different transfection
and isogenic clones, cells were harvested at 60-90% confluence for total RNA extraction with Qiagen
RNeasy Mini kit (Qiagen, Hilden, Germany) and quantified by Nanodrop spectrophotometer
(ThermoScientific, ND-8000). 1ug extracted RNA were then reverse transcribed into cDNA with the
High Capacity cDNA Reverse Transcription Kit (Applied Biosystems #4368814). For real time PCR,
TaqMan gene-specific primers were ordered from Life Technologies for MSMB (Hs00159303_m1),
NCOA4 (Hs01033772_g1), KLK2 (Hs00428383_m1) and KLK3 (Hs02576345). GAPDH was used as
internal control. gPCR reactions were setup according to the TagMan Gene Expression Assays
protocol and performed on a ViiA7 real time PCR system (Applied Biosystems, Life Technologies).
Each sample was amplified in duplicate, average gene expression and standard deviation were
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calculated. Relative gene expression was analyzed with the AAC; method (Applied Biosystems,
cms_042380).

Western blot

Cells from six-well plates were collected by cold PBS, whole cell lysate were prepared using cold
NP40 buffer (150mM NaCl, 1% Igepal CA630 and 50mM Tris-HCI, pH 8.0) supplemented with
Protease Arrest™ (Calbiochem #KP14001, 1:50 dilution). After incubation on ice for 30 minutes and
centrifugation for 10 minutes at 12,000 rpm, supernatant was recovered and protein concentrations
were measured using the BioRad Protein Assay Dye Reagent (BioRad 500-0006). 50ug protein was
pipetted into each lane and separated on a SDS-PAGE gel (Bolt 4-12% Bis-Tris Plus, Invitrogen, Life
Technologies) and the Precision Plus Protein Standards (BioRad) was used as molecular weight
marker. Transfer was done on Bio-Rad Trans-Blot Turbo Transfer System onto 0.2 um PVDF
membrane (BioRad #1704156). After blocking in 5% milk at room temperature for 1 hour, membranes
were incubated in primary antibody diluted in TBST buffer with 1% BSA (Sigma #A9647) for overnight
at 4°C. Followed by 3 times 10 minutes wash in TBST buffer (10X Bio-Rad TBS plus 0.05% Tween-
20), membranes were incubated another hour at room temperature in secondary antibody diluted in
2.5% milk TBST buffer. After final wash, the results were visualized by the Bio-Rad ClarityTM Western
ECL substrate (Bio-Rad #170-5061). Antibodies used are: anti-B-MSP (Origene clone 6C7
#TA501072, 1:3000, lot #A01); anti-B-actin (Sigma clone AC-15, #A5441, 1:5000, lot #122M4782);
anti-mouse IgG-HRP (ThermoScientific Pierce Antibody #31432, 1:5000).

Immunodetection of B-MSP, hK2 and PSA secretion

All immunoassay measurements of PSA, hK2, and MSP were conducted blinded on the Victor

instrument (Perkin-Elmer, Turku, Finland) using the dual-label DELFIA Prostatus® total/free PSA-
Assay (Perkin-Elmer, Turku, Finland) calibrated against the World Health Organization (WHO) 96/670
(PSA-WHO) and WHO 68/668 (free PSA-WHO) standards. Production and purification of the
polyclonal rabbit anti-MSP antibody, protocols for biotinylation and Europium labeling of the anti-MSP
antibody, and performance of the MSP-immunoassay were performed as previously reported (36).
Duplicate samples were read, average and standard deviation were plotted.

Single cell cloning

Upon completion of puromycin selection, bulk PX458-rs7098889-g1 and PX459v2-rs7098889-g4
transfected LNCaP cells or the bulk PX458-rs10993994-g4a and PX459v2-rs10993994-g4b
transfected LNCaP cells were plated into 96-well plates (Falcon) by serial dilution. Cells were cultured
in LNCaP condition medium filtered by 0.22um Millex membrane (Millipore) until colonies starting form
in about 3 weeks. Single clones were then trypsinized and transferred to 24-well plates followed by 6
well plates in triplicates, and used for genomic DNA extraction followed by PCR and Sanger

sequencing genotype identification, freezing clones, and future experiments, respectively.

Allelic expression analysis
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Total RNA was extracted from bulk transfected LNCaP and validated single clones, followed by
reverse transcription (High Capacity cDNA Reverse Transcription Kit, Applied Biosystems #4368814),
cDNA then amplified by PCR reaction with primers flanking MSMB 360A/T site. Agarose gel purified
PCR products were then subjected to Sanger sequencing by Genewiz and returned chromatogram

seqguence were visualized in 4Peaks.
RESULTS
Rs7098889 is found in the most prostate-specific enhancer

To determine the causal allele(s) for prostate cancer associated risk SNPs we hypothesized that
causal variants would likely be present in prostate specific regulatory elements. Using data on active
enhancers from the FANTOMS consortium analysis of enhancer RNAs(5)

(http://slidebase.binf.ku.dk/human_enhancers/selector), we found that the most prostate specific

enhancer is located 5kb upstream of the MSMB promoter and overlaps rs7098889 (Table 1; Figure
1).

CRISPR/Cas9 mediated deletion of the region flanking rs7098889 leads to significant increase
of MSMB expression

We therefore used paired gRNA mediated CRISPR/Cas9 deletion to remove the 191bp region
flanking rs7098889 in two heterozygous cell lines -- LNCaP (prostate cancer) and AGS (gastric
cancer) (Fig. 2A and Fig.2B). Efficient deletion of the region was confirmed by genomic PCR (Fig.
2B), though we noted another variant (rs4304716, r’=0.87 with rs7098889) in this deletion region as
well. We next examined gene expression levels in these bulk transfected cells and found that MSMB
exhibited 9.5-fold overexpression after deletion of this regulatory region in LNCaP, but not in AGS
(Fig. 2C). In contrast, NCOA4, whose expression is associated with rs10993994 and rs7098889 in
GTEx eQTL data(7), was not significantly altered after deletion. Similarly, neither KLK2 (codes for
hK2) nor KLK3 (codes for PSA) levels were altered after deleting this element (Supplementary Fig. 1
and 2). The over-expressed transcripts were translated into B-MSP protein and secreted from LNCaP
(Fig. 2D and Fig.2E). We observed similar results at the mRNA level for MSMB and NCOA4 in
RWPE-1, a virally transformed prostate cell line (Supplementary Figure 4), and VCaP, another
prostate cancer cell line (Supplementary Figure 5). These data suggest that rs7098889 is located at a

regulatory region that strongly and specifically regulates MSMB expression in prostate tissue.
Rs7098889 T allele, but not the C allele, confers about 300-fold increase of MSMB expression

We next generated single-cell clones from the transfected cells and identified derivative lines that
have each of the possible genotypes — del/del, del/T, and del/C — by titrating the transfected plasmids
expressing gRNAs/Cas9 to reduce efficiency and increase the chance of getting heterozygous clones
(Fig. 3A and Fig. 2B). Again, in the bulk transfected cells there is a dramatic increase in MSMB
expression (Fig. 3C). Sub-cloning of these cells followed by Sanger sequencing (Supplementary File

1) confirmed three T clones (T/del for clone 3, 4, 5), two C clones (C/del for clone 6, 7), as well as two
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clones with homozygous deletion (del/del for clone 1, 2). Since LNCaP is aneuploid, we also included
the upper bands for genotyping to ensure no additional copies of the intended target allele remained.
Surprisingly, for every single clone we analyzed, the remaining alleles were always identical (either T
or C) at locus rs7098889 (Supplementary File 1).

Two out of three of the T clones (clones 4, 5) express MSMB close to 300 fold higher than baseline
(Fig. 3C), while no overexpression is observed in the C clones (clones 6, 7). In the case of the double
deletion, one of the two clones overexpressed MSMB. To the best of our knowledge, this is the first
example of a GWAS-identified risk SNP that unequivocally shows such dramatic effect on gene
expression in a highly tissue specific manner. Notably, this effect is very specific to MSMB expression
alone, as no significant change in adjacent NCOA4 expression is observed, nor is a trans effect on

expression of KLK2 or KLK3 present (supplementary Fig. 2).
Allele specific expression of MSMB in LNCaP cells

A single nucleotide variant (SNV) 360A/T unique to and heterozygous in LNCaP was identified by
Sanger sequencing in the last exon of MSMB. We used this SNV as a marker to trace allelic origin of
the transcripts. Overexpressed MSMB transcripts from all MSMB high expression clones (clones 2, 4,
5) and the bulk LNCaP cells all came from the 360T allele (Fig. 4B). The control LNCaP parental cells
and the empty vector control only express very low basal level of MSMB. In these cases, the
transcripts come from both alleles (Fig. 4B, 360A/T)

Rs10993994 C allele, but not the T risk allele, also confers significant MSMB over-expression

Previous work at this locus suggested that rs10993994 may be the causal SNP for prostate cancer
risk as it localizes in the promoter region of MSMB and alters the ability of the promoter to drive
expression in a reporter assay(33, 37). Thus, we performed a similar CRISPR/Cas9 mediated
genome editing experiment to validate its role in the regulation of MSMB gene expression (Fig. 5A).
We deleted a 205bp region flanking rs10993994. In the bulk transfected LNCaP cells, this deletion
results in 2.8 fold overexpression of MSMB (Fig. 5B). No overexpression was observed either in the
gastric cancer AGS cell line or of the immediate downstream NCOA4 gene (Fig. 5B). As with
rs7098889, introducing this deletion into both RWPE-1 and VCaP results in a similar overexpression
of MSMB (Supplementary Fig. 4-5). Single cell clones were then generated from the bulk transfected
LNCaP cells and resulted in three heterozygous clones with the C allele deletion (T/del for clone 2, 3,
4); three heterozygous clones with T allele deletion (C/del for clone 5, 6, 7); and one clone with
homozygous deletion (del/del for clone 1). Even though the deletion removed the majority of the
MSMB promoter including the TATA box (Supplementary File 2), significant overexpression of MSMB
was observed in two of the three C/del clones (Fig. 5C), potentially by transcription from an alternate
promoter. Such overexpression was not observed in any of the T/del or del/del clones. Also, we did
not observe substantial change of NCOA4, KLK3 and KLK2 gene expression in any of these clones
(Supplementary Fig. 3). The result suggests the existence of a strong transcription repression
mechanism mediated through both the rs7098889 and the rs10993994 loci. Furthermore, the fact that
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both loci have dramatic effects on MSMB expression in prostate tissue supports the hypothesis that
the association of these SNPs with prostate cancer risk is mediated through their regulation of MSMB

gene expression.
DISCUSSION

Here, we have unequivocally demonstrated dramatic allelic effects on MSMB expression at two
prostate-cancer associated SNPs. Notably, despite these two SNPs being in strong linkage
disequilibrium in European populations, each SNP appears to independently influence MSMB
expression. One can imagine a model in which it is the set of alleles on a haplotype, each exerting an
effect, that leads to the observed phenotype rather than the typically assumed model in which there is
a single causal allele in LD with other SNPs. Consistent with this hypothesis, reporter assays based
on phenotype-associated human haplotypes have demonstrated such additive effects as well(38).

Previous correlative work had implicated both MSMB and NCOA4 as target genes of rs10993994 and
potential mediators of the SNP's effect on prostate cancer risk(25), though studies of protein
expression found that rs10993994 is only associated with B-MSP, and not NCOA4, expression(39).
Our results demonstrate that regulatory regions encompassing both rs10993994 and rs7098889
directly affect the levels of MSMB only and have no effect on NCOA4. MSMB codes for B-MSP, a
major secretory product of the prostate. It is widely secreted by multiple mucosal tissues(40) and has
been proposed to manifest both fungicidal activity(41) and tumor suppressive properties(25, 42, 43).
The levels of B-MSP in blood are negatively correlated with risk of a prostate cancer diagnosis(44)
and positively associated with recurrence-free survival (45). These findings are consistent with a
direct role for MSMB in prostate cancer etiology. However, we cannot exclude a potential role for
NCOA4, mediated by previously unidentified SNPs in LD with rs10993994, either instead of or in
addition to MSMB.

The number of GWAS loci for which causal variants and their downstream effect have been identified
using genome editing is relatively limited(9, 11, 12, 14-19, 46). One limiting factor is that in many
cases, genome editing revealed that the allelic effect on target gene expression is very mild. In
contrast, here we have shown extensive overexpression conferred by altering SNP-containing
regulatory regions. Second, the low efficiency of homology-directed repair limits large-scale
application of CRISPR/Cas9. Our alternative approach of using a paired gRNA system(34, 35) to
delete single copies of heterozygous alleles allows us to observe the effect of each variant allele in

isolation.

As GWAS have identified humerous genetic polymorphisms associated with increased risk of cancer
and other diseases, the next big challenge is to understand how they mediate pathogenesis,
especially for regulatory variants. The majority of these variants are found in the non-coding region of
the genome(1-3) and enriched in regulatory regions identified by large-scale functional genomics
projects including ENCODE, Roadmap Epigenome and FANTOM5(2-6). These observations
together with a recent report that 82% of cancers depend on RNA expression level(20) changes
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indicate the importance of studying the relationship between disease risk variants and gene
expression. Our study for the first time demonstrates dramatic cell-specific and gene-specific effect
on gene expression mediated by GWAS-identified risk variants and provides an efficient way for

further systematic study of the function of other GWAS variants.
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TABLE AND FIGURES LEGENDS

Table 1. Top 10 prostate specific enhancers defined by eRNA expression in the FANTOMS project.
Rs7098889 is positioned at chr10:51544475.

Figure 1. Position of prostate-specific enhancer chr10:51544405-51544819 defined by FANTOMS
project.

Figure 2. CRISPR/Cas9 mediated deletion of 191bp region flanking rs7098889 confers significant
increase of MSMB expression. (A) Sanger sequencing showed both LNCaP and AGS cells are
heterozygous (C/T) at rs7098889 site. (B) CRISPR/Cas9 mediated rs7098889 deletion was created
by paired guide RNAs (rs7098889-g1 and -g4) transfection followed by puromycin selection. The
deletion was confirmed by PCR amplification with primer pair (rs7098889-Forl and -Rev1) flanking
the deleted region, PCR product runs at 178bp on agarose gel with deletion, and at 369bp without
deletion. (C) Real time gPCR showed 9.5 folds MSMB over-expression in prostate cancer LNCaP
cells with bulk transfection but not the gastric cancer AGS cells. The expression of downstream
NCOA4 gene is barely affected. (D) Western blot showed that the MSMB protein product -MSP is
significantly up-regulated in LNCaP cells with deletion, but not in AGS cells. (E) ELISA assay showed
that the secreting B-MSP level significantly up-regulated in LNCaP cells with deletion either in the
presence (28.0 ng/ml) or absence (2.8ng/ml) of FBS in cell culture.

Figure 3. Single clone screening of LNCaP cells with rs7098889 deletion reveals allelic differential
and even more dramatic MSMB over-expression. (A) Transfection titration generated LNCaP bulk
cells with lower deletion efficiency for better isolating heterozygous single clones. (B) lllustration of
single clone genotypes with homozygous (del/del) and heterozygous deletion (T/del and C/del). (C)
Real time gPCR showed dramatic MSMB over-expression (262 and 286 folds) in two (clone 4, 5) out
of three clones with rs7098889 T allele (clone 3, 4, 5) but not the C allele (clone 6, 7). Bulk deletion
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with lower deletion efficiency, thus more heterozygous alleles, generates 15 folds over-expression
(lane 3) compared to 9.55 folds from previous experiment (Fig. 1C).

Figure 4. Allelic expression of MSMB in LNCaP cells. (A) Demonstration of 360A/T single nucleotide
variant (SNV) located in the last exon of MSMB gene. (B) Transcripts from all the MSMB high
expressing clones (clone 2, 4, 5) and the LNCaP bulk deletion came from the 360T allele examined
by PCR followed by Sanger sequencing of the last exon of MSMB gene flanking the 360A/T

heterozygous site.

Figure 5. CRISPR/Cas9 mediated deletion of 205bp rs10993994 flanking region confers significant
increase of MSMB expression. (A) Paired gRNA (rs10993994-g4a and —g4b) mediated CRISPR/Cas9
deletion of rs10993994 region was confirmed by PCR amplification with flanking primer pair
rs10993994-F1 and —R1. PCR product runs at 274bp on agarose gel with deletion, and at 479bp
without deletion. (B) Real time qPCR showed 2.8 folds MSMB over-expression in prostate cancer
LNCaP cells with bulk deletion but not in the gastric cancer AGS cells. The expression of downstream
NCOA4 gene is down-regulated. (C) Real time qPCR of single clones generated from above bulk
transfection. MSMB over-expression was seen in two (clone 5, 6) out of the three clones (clone 4, 5, 6)
with rs10993994 C allele (C/del) but not the T allele (T/del, clone 2, 3, 4).
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