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Abbreviations

WB: Western blot

CNV: Copy number variation

DHT: Dihydrotestosterone

FOXA1: Forkhead box protein Al

LAPC4: Prostate cancer xenograft cells

LD: Linkage disequilibrium

LLOQ: Lower limit of quantification

LNCaP: Lymph node carcinoma of the prostate
MS: Mass spectrometry

PCa: Prostate cancer

PCR: Polymerase chain reaction

qPCR: Quantitative real-time polymerase chain reaction
SNP: Single-nucleotide polymorphism

UGT: Uridine diphospho-glucuronosyltransferase
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Abstract

The accurate quantification of the metabolic enzyme UGT2B17 has been hampered by the high
sequence identity with other UGT2B enzymes (as high as 94%) and by the lack of a specific
antibody. Knowing the significance of the UGT2B17 pathway in drug and hormone metabolism
and cancer, we developed a specific monoclonal antibody (EL-2B17mAb), initially validated by
the lack of detection in liver microsomes of an individual carrying no UGT2B17 gene copy and
in supersomes expressing UGT2B enzymes. Immunohistochemical detection in livers reveals a
strong labeling of bile ducts and variable labeling of hepatocytes. Expression levels assessed by
immunoblotting were highly correlated to mass spectrometry-based quantification (r = 0.93) and
three major expression patterns (absent, low or high) were evidenced. Livers with very low
expression were carriers of the functional rs59678213 G variant, which is located in the binding
site for the transcription factor Forkhead Box Al (FOXA1) of the UGT2B17 promoter. The
highest expression was observed for individuals carrying at least one rs59678213 A allele. A
multiple regression analysis indicated that the number of gene copies explained only 8% of
UGT2B17 protein expression, 49% when adding rs59678213 and reached 54% when including
sex. The novel EL-2B17mAb antibody allowed specific UGT2B17 quantification and exposed
different patterns of hepatic expression. It further suggests that FOXAI is a key driver of
UGT2B17 expression in the liver. The availability of this molecular tool will help characterize
UGT2B17 level in various disease states and establish more precisely the UGT2B17 enzyme

contribution to drug and hormone metabolism.
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Introduction

Uridine diphospho-glucuronosyltransferases (UGTs) are key enzymes that act at multiple levels
in the human body, including in the liver, kidneys, intestines, prostate and multiple other tissues
(Beaulieu et al., 1996; Turgeon et al., 2001; Guillemette et al., 2014; Stingl et al., 2014;
Margaillan et al., 2015a). This metabolic pathway inactivates many commonly used drugs such
as statins, antidepressants and antineoplastic agents (Balliet et al., 2009; Kang et al., 2010;
Guillemette et al., 2014; Stingl et al., 2014). Of the 19 human UGT enzymes, UGT2B17 has
been found to specifically metabolize and inactivate sex-steroid hormones such as testosterone
and dihydrotestosterone in the prostate (Beaulieu et al., 1996). UGT2B17 activity is highly
variable in tissues such as the liver (Lazarus et al., 2005; McCarroll et al., 2006; Liu et al., 2014;
Margaillan et al., 2015b; Bhatt et al., 2018), and therefore a better understanding of determinants
of UGT2B17 protein expression could help to predict its influence on xenobiotics and
endobiotics under normal conditions and disease states. Until now, the quantification of
UGT2B17 has been hampered by the high sequence identity with other UGT2B subfamily
members. For instance, UGT2B15 shares more than 94% of its amino acid sequence with
UGT2B17 (Beaulieu et al., 1996). This explains, at least in part, the current lack of a specific
antibody, which does not cross-react with any of the other UGT2B members, namely UGT2B4,
2B7, 2B10, 2B11, 2B15 and 2B28 (Guillemette et al., 2010; Guillemette et al., 2014). Thus, the
quantification of UGT2B17 has been mostly extrapolated from correlative studies of RNA
expression and enzymatic activities (Lazarus et al., 2005; Izukawa et al., 2009; Chen et al., 2010;
Jones and Lazarus, 2014; Liu et al., 2014). These approaches have limitations, especially in the
context of splicing mechanisms and overlapping substrate specificities (Hum et al., 1999;

Guillemette et al., 2014; Tourancheau et al., 2016; Tourancheau et al., 2018).
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More recently, mass spectrometry (MS)-based quantification of UGT2B17 was developed using
signature peptides (Fallon et al., 2013; Margaillan et al., 2015b; Bhatt et al., 2018). A recent
study based on MS quantification showed that 26% of the variability of hepatic UGT2B17
protein expression could be explained with a model considering age, sex, and five genetic
variations (rs7436962, rs9996186, 1s28374727, rs4860305 and gene copy number (CNV)) (Bhatt
et al., 2018). It is thus likely that additional molecular determinants exist, as the majority of this
variability remains unexplained. One single nucleotide variation (SNP) in the UGT2B17 gene
1s59678213, located in a Forkhead Box Protein A1 (FOXAT1) binding site in the promoter region,
influenced UGT2B17 gene expression in prostate cancer cells (Hu et al., 2010), but its impact on
expression in human tissues remains to be elucidated. Another study suggested that rs6817882,
also located in the UGT2B17 promoter region, could be of interest (Liu et al., 2014). This marker
is in strong linkage disequilibrium (LD) with rs59678213 and was correlated with RNA levels in
the liver (Liu et al., 2014). However, the impact of these SNPs on UGT2B17 protein expression
was not quantified in these two studies (Hu et al., 2010; Liu et al., 2014).

The first objective of this study was to develop a specific monoclonal antibody for a more
accurate quantification of the UGT2B17 enzyme in human tissues. The second objective was to
evaluate the heterogeneity in UGT2B17 protein expression observed in the human liver and gain
further insights into molecular determinants of its expression. A specific antibody would be an
additional tool for the scientific community to quantify the UGT2B17 enzyme and expedite the

study of this important pathway involved in major metabolic functions.
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Materials and Methods

Human tissue specimens

Supersomes overexpressing human UGT2B enzymes were purchased from Corning Life
Sciences (Woburn, MA). Microsomes from pooled human livers (HLM), intestine (HIM) and
kidney (HKM) were purchased from Xenotech (Lexena, KS). Forty-eight human liver specimens
from Caucasian healthy donors, from an equal number of males and females, were available for
this study. The characteristics of the donors were described previously (Sumida et al., 1999;
Gomes et al., 2009). Paraffin-embedded normal liver samples were available from four
additional individuals. Written consent was obtained from donors and the study was approved by
the ethics committee of the CHU de Québec, Laval University (#2012-245; 5.7.02.05

(34.05.08)).

Production of the UGT2B17 Protein Monoclonal Antibody

The monoclonal antibody directed against the UGT2B17 protein was produced using the custom
monoclonal service at GenScript (Piscataway, NJ) according to their proprietary approach. An
immunogenic peptide 83-KNDLEDFFMKMFDRWTY-99 (Supplemental Fig.1) was selected
based on immunogenicity and specificity relative to the sequence of other human proteins,
including the six other UGT2Bs. The clone #8B7E3-1 was used to produce the final antibody
named EL-2B17mAb. Hybridoma cells were grown in low IgG bovine serum and the
monoclonal antibody was purified from the culture medium by protein A/G affinity

chromatography.

UGT2B17 mRNA and protein expression
UGT2B17 mRNA expression levels were assessed in 11 livers for which mRNA was available,

as previously described (Chouinard et al., 2006; Lepine et al., 2010) using 3684 as an internal
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amplification standard. The location of the primers is displayed in Supplemental Fig.1.
Quantification of hepatic UGT2B17 by targeted proteomics for 48 livers with the signature
peptide shown in Supplemental Fig.1 was previously reported (Margaillan et al., 2015b). The
lower level of quantification (LLOQ) was set at 0.2 pmol/mg protein. Quantification of hepatic
UGT2B17 by WB was performed for 32 individual liver samples using available microsomal
proteins. Supersomes (0.5 ug) and microsomes (2 or 10 ug) were mixed with Laemmli sample
buffer (Bio-Rad Laboratories, Hercules, CA), heated at 100°C for five minutes, separated on a
10% SDS-PAGE gel and transferred to a nitrocellulose membrane. The membranes were
blocked with PBS containing 0.2% Igepal (Sigma Aldrich, St-Louis, MO) and 5% dry milk, and
then probed with the EL-2B17mAb monoclonal antibody (1:2000) overnight using standard
protocols. The pan-UGT2B EL-93 polyclonal antibody (1:2000) was also used as described in a
previous study (Levesque et al., 1997).

Immunohistochemistry

Sections (5 pm) of paraffin-embedded normal liver samples were deparaffinized, rehydrated, and
processed using a PT Link system (Agilent Technologies, Mississauga, ON, Canada). Heat-
induced epitope retrieval was achieved using the EnVision FLEX Target Retrieval Solution, Low
pH (Agilent) and tissues were stained with EL-2B17mAb (1:1000) using the IDetect SuperStain
HRP polymer kit (Empire Genomics, Buffalo, NY, USA) as per the manufacturer's instructions.
UGT2B17 genetic status

Genotypes were assessed for the 48 individuals using available material consisting of DNA
isolated from human liver specimens. CNV of the UGT2B17 gene was determined as described
previously (McCarroll et al., 2006; Menard et al., 2009). For rs59678213, a PCR amplicon

spanning the promoter region was sequenced to assess the genotype. The amplification was
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performed in 25 pL reactions containing 50 ng genomic DNA, 0.2 mM each dNTP
(deoxynucleotide Solution Mix of dATP, dCTP, dGTP and dTTP), 3 mM MgCl,, 0.3 mM each
of the two primers (F: 5-CCTCTCACCTGCCACTGTTC-3> and R: 5’-
CATCTGCCAGAAGGACATCAAATT-3’) and 1.25 units AmpliTaq Gold 360 DNA
Polymerase (Thermo Fisher Scientific, Waltham, MA). The reaction was incubated at 95°C for
10 minutes, followed by 35 cycles of 95°C for 30 seconds, 62°C for 40 seconds and 72°C for 30
seconds, with a final elongation step at 72°C for seven minutes. Sanger sequencing was done
using an ABI 3700 automated sequencer (Applied Biosystems, Foster City, CA). Allele
frequency of the rs59678213 and rs6817882 variants and calculation of their linkage
disequilibrium among ethnic groups from the 1000 Genomes Project Phase 3 were obtained
through the Ensembl genome browser release 94 — October 2018, assembly GRCh37.p13,
accessed on November 26, 2018. CNV of the UGT2B17 gene in the same ethnic groups were
obtained from Xue et al. (Xue et al., 2008).

Reporter gene assays

The human UGT2B17 DNA promoter construct (—2413 to +1) was isolated as described in a
previous study (Beaulieu et al., 1997). Using this construct as the template, we generated a
construct containing guanine at position —155 (corresponding to rs59678213) using Q5 Site-
Directed Mutagenesis kit reagents (New England Biolabs, ON, Canada) and the primers 5'-
GAGTAATTGTgAATATAAAAGAACACC-3' (forward) and 5'-
TAGTCAAGCAATAATTTTTATGAC-3" (reverse). Mutagenesis of these constructs was
performed to generate an adenine at position —2033 (corresponding to rs6817882) using the
primers 5- ATTTTATATTaTTTTATGCTCAGTACCTG-3'  (forward) and  5'-

AATCTGAGAGGGTCCTTC-3' (reverse). The prostate cancer LNCaP (lymph node carcinoma
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of the prostate) and the hepatocellular carcinoma HepG2 cell lines were purchased from the
American Type Culture Collection (Manassas, VA). The HuH7 cell line was obtained from the
Japanese Collection of Research Bioresources Cell Bank (Tokyo, Japan), whereas the PCa cell
line LAPC4 (prostate cancer xenograft cells) was a kind gift from Dr. F. Pouliot (CHU de
Québec Research Centre, Laval University, QC, Canada). Cells were maintained in RPMI-1640
medium (LNCaP) or DMEM (LAPC4, HepG2, HuH7) supplemented with 10% (v/v) FBS and
antibiotics (100 IU/mL penicillin and 100 pg/mL streptomycin). RPMI-1640 for LNCaP culture
was also supplemented with 2 mM glutamine. Culture medium components were all from Wisent
Bioproducts (St-Bruno, QC, Canada). All transfections were performed using Lipofectamine
2000 (Invitrogen, Carlsbad, CA) and OptiMEM Reduced-Serum Medium (Life Technologies,
Burlington, ON, Canada). Cells were plated into 24-well plates at a density of 1 x 10’ (HepG2
and HuH?7), 8.0 x 10* (LNCaP), or 2 x 10° (LAPC4) cells/well. For the luciferase assays, cells
were transfected 24 hours after plating with 200 ng (HepG2 and HuH7) or 500 ng (LNCaP and
LAPC4) of the appropriate constructs and 20 ng (HepG2 and HuH7) or 50 ng (LNCaP and
LAPC4) of the Renilla luciferase construct (internal control). Cells were lysed 48 hours after
transfection and assessed for luciferase activity using Dual-Luciferase Reporter Assay kit
reagents (Promega, Madison, WI).

Statistical Analysis

Differences in UGT2B17 expression among genetic groups were confirmed using the Kruskal-
Wallis test and Wilcoxon Mann Whitney test was used for sex. Correlation analysis was
performed by the Spearman rank method. A multiple regression analysis was performed to
evaluate the associations between UGT2B17 protein expression, sex and genotype. Differences

between constructs in luciferase assays were tested using a two-tailed Student’s t-test. A value of

10
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P < 0.05 was considered statistically significant. Analyses were corrected for the alpha error
using the Bonferroni adjustment method. All statistical analyses were performed with the

software SAS 9.4 by SAS Institute Inc. (Cary, NC).

11
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Results

EL-2B17mAb is a specific human UGT2B17 monoclonal antibody

The peptide sequence 83-KNDLEDFFMKMFDRWTY-99, unique to UGT2B17 among human
UGT2B proteins (Table 1; Supplemental Fig.1) was chosen to produce the mouse monoclonal
EL-2B17mAb antibody. The specificity of EL-2B17mAb was initially evaluated using
supersomes overexpressing individual human UGT2B proteins. A protein band was detected
only in the UGT2B17 supersomes at the expected molecular weight of 55 kDa (Fig.1A). The
unique reactivity with the UGT2B17 protein was further confirmed with additional recombinant
UGT2B enzymes, namely UGT2B11 and UGT2B28, not commercially available as supersomes
(Supplemental Fig.2). The antibody was subsequently tested in major drug metabolizing tissues,
displaying a strong signal in the liver and intestine and none in the kidney, consistent with the
known tissue distribution of UGT2B17 (Fig.1B). Lastly, there was no signal in a UGT2B17-
deficient HLM from an individual carrying no UGT2B17 gene copy, proficient in the expression
of other UGT2B enzymes (not shown), confirming the identity of the detected protein band as
UGT2B17 and the specificity of the UGT2B17mAb (Fig.1C). Normal liver tissues from four
individuals labeled with EL-2B17mAb by immunohistochemistry (IHC) revealed a strong
labeling of bile duct epithelial cells (Fig.2, Supplemental Fig.3). By contrast, a widely variable
labeling intensity was noted for hepatocytes among liver samples, and within each sample.
Hepatocytes of the periportal zones were more intensely labeled and displayed a preferential
nuclear labeling whereas hepatocytes in the centrilobular regions were weakly labeled. The
intensity of cytoplasmic staining was variable, from strong to moderate in liver A, which

displayed strongest overall labeling (Fig.2), to weak or undetected in the three other livers
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(Supplemental Fig.3). Initial experiments also suggest that the antibody does not impair
UGT2B17 activity in microsomes (data not shown).

Gene deletion and the genetic variant rs59678213 largely contribute to the highly variable
hepatic UGT2B17 expression.

The relative UGT2B17 protein expression levels assessed by WB in HLM samples was highly
variable (CV = 118%) and correlated with the values obtained by quantitative MS for these same
samples (r = 0.93; P < 0.0001) (Fig.3). A significant correlation with UGT2B17 mRNA
expression was also observed with protein abundance assessed by MS (r = 0.70, P = 0.038) and
WB (r = 0.75, P = 0.009) for a subset of tested livers for which mRNA was available (not
shown). According to UGT2BI7 CNV and based on quantification data, samples were
categorized in three groups corresponding to no gene copy (n=9), one gene copy (n=21), and two
gene copies (n=18) (Fig.4). As expected, the UGT2B17 protein was undetected by MS in the
group with no gene copy (below LLOQ of 0.2 pmol/mg protein). The median protein abundance
in carriers of one gene copy was very similar to the value observed for those carrying two gene
copies (0.45 vs. 0.43; P = 1.0). A significant variability within groups was observed with 156%
CV and 169% CV, in carriers of one and two gene copies, respectively. Based on this high
variability, not explained by the number of UGT2BI17 gene copy, we next determined the
association between UGT2B17 protein expression and the occurrence of a functional variation
located in the FOXAT1 binding sequence of the UGT2B17 promoter, warranted by the frequent
occurrence of this genetic variation, including in individuals of European descent (Fig.5;
Supplemental Table 1). Irrespective of the UGT2B17 gene copy number, livers carrying the
1559678213 A allele expressed high UGT2B17 levels, whereas all others comprised of only

1s59678213G allele showed low expression. This was observed with quantification by both WB
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(Fig.6A, Supplemental Fig.4, Supplemental Fig.5) and MS (Supplemental Table 2; Fig.6B-
C). In a further analysis taking sex into account, female carriers of the rs59678213G allele
presented significantly lower UGT2B17 protein levels than male subjects (median levels of 0.27
versus 0.32 pmol/mg protein; P = 0.026) whereas there was no difference between sex for
1s59678213A carriers displaying much higher expression (~40-fold). A multiple regression
analysis indicated that at least one gene copy, rs59678213A and male sex are significantly
associated with greater UGT2B17 expression. It further indicated that the number of gene copy
explained only 8% of UGT2B17 protein expression, 49% when adding rs59678213 and reached
54% when including sex (R* = 0.54; multivariate linear regression). Since the UGT2B17 protein
is considerably expressed in the prostate, we further tested the reactivity of EL-2B17mAb in
prostate cancer cell lines. No expression of UGT2B17 was detected in LAPC4 cells by WB,
consistent with the absence of the UGT2B17 gene and very low expression in VCaP and 22rvl,
homozygous for the 1s59678213G allele. In contrast, high expression was observed in LNCaP
cells homozygous for the rs59678213A allele (Supplemental Fig.6).

The genetic variant rs59678213 is a key driver of UGT2B17 expression in vitro.

The variants rs59678213 and rs6817882 significantly affecting UGT2B17 mRNA expression
were reported to be tightly linked (Hu et al., 2010; Liu et al., 2014). However, similar to the
frequency of the UGT2B17 gene deletion copy, we observed that their occurrence is highly
variable between ethnic groups, ranging from 5 to 93% (Fig.5). Accordingly, we tested the
functionality of these two markers using luciferase constructs engineered to reflect all
combinations of alleles and tested them in cell models derived from the liver (HepG2 and HuH7)
and prostate cancer cells carrying the UGT2B17 gene (LNCaP and LAPC4) to identify the

functional variant(s). Data supported the functional role of the rs59678213 variant as a major
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driver of UGT2B17 expression in LNCaP and LAPC4 prostate cancer cells as well as in hepatic
HuH7 cells (Supplemental Fig.7). No difference in expression was observed in HepG2 cells in

the presence of the rs59678213 variant (not shown).

15

20z ‘8T |udy UOSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on February 28, 2019 as DOI: 10.1124/dmd.119.086330
This article has not been copyedited and formatted. The final version may differ from this version.

DMD #86330

Discussion

Up to now, the accurate detection and quantification of human UGT2B17 proteins by WB
analysis has been hampered by the lack of a highly specific monoclonal antibody. Indeed, the
high sequence identity among UGT2B enzymes underlies the technical challenge of developing
antibodies with no cross-reactivity with other subfamily members. Despite this very high
sequence identity also observed in the UGT1A subfamily, specific monoclonal antibodies have
been developed for UGT1A9 (Oda et al., 2012) and UGT1A10 (Oda et al., 2017), but are lacking
for most UGT2B members. Several previous studies have used RNA expression and enzymatic
kinetics as a surrogate to protein quantification (Lazarus et al., 2005; Izukawa et al., 2009; Chen
et al., 2010; Jones and Lazarus, 2014; Liu et al., 2014). However, there are inherent limitations
with these methods such as the presence of extensive alternative splicing events (Tourancheau et
al., 2016; Tourancheau et al., 2018) and the intrinsic overlapping substrate specificities
characterizing these enzymes (Belanger et al., 1998; Guillemette et al., 2010; Guillemette et al.,
2014). More recently, to circumvent this technical issue related to the absence of highly specific
UGT antibodies, MS-based methods were developed to accurately quantify UGT isoforms in
human samples using small signature peptides (Sakamoto et al., 2011; Fallon et al., 2013; Sato et
al., 2014; Margaillan et al., 2015b; Bhatt et al., 2018).

The specificity of the EL-2B17mAb monoclonal antibody produced in this study is an important
additional molecular tool capable of specifically detecting the UGT2B17 protein both in WB and
IHC, and could expedite clinical advances on the significance of UGT2B17 in drug metabolism
(Turgeon et al., 2003; Kang et al., 2010; Sun et al., 2010; Taghavi et al., 2017; Kahma et al.,
2018) and cancer biology (Nadeau et al., 2011; Gruber et al., 2013; Bhoi et al., 2016; Li et al.,

2016). It is the first antibody with a unique specificity for UGT2B17, without any cross-
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reactivity to any other human UGT2B enzymes, including the highly similar UGT2B15. The
specificity of the antibody for the protein was conclusively demonstrated by the absence of
protein detection in a UGT2B17-deficient liver, the latter expressing other UGT2B enzymes.
Moreover, the fact that the correlation between immunoblotting and MS analyses reached 93%
reinforces the notion that both methods are accurate to quantify UGT2B17. The lower degree of
correlation between mRNA and protein quantification methods highlights the added value of the
more precise assessment of UGT2B17 enzyme in the liver afforded by protein quantification.
Quantification by immunoblotting with EL-2B17mAb may constitute a method of choice to
assess the 55-kDa canonical UGT2B17 isoform.

Immunohistochemistry of four liver samples further revealed that UGT2B17 is expressed in the
nucleus and cytoplasm of bile ducts and hepatocytes located in the periportal zone 1 region, in
close contact with blood from the systemic and splanchnic circulations. Quantification of
UGT2B17 by immunoblotting in multiple liver samples using EL-2B17mAb, strikingly revealed
high UGT2B17 expression in nearly half of the specimens whereas it was undetected or barely
detectable in the other half. It led us to evaluate whether the UGT2B17 gene copy number was
responsible for this on or off expression pattern. Amongst the livers tested, we found that 9 out of
48 samples had no copy of the gene, explaining the absence of expression in those samples. For
all the other samples, the presence of one or two gene copies did not affect protein expression
significantly, contrary to our expectation. Although the reasons for this are currently not
understood, it should be noted that a recent analysis of CYP2E copy number variation in liver
and lymphocytes led to the conclusion that its expression is gene dosage-insensitive (Tremmel et
al., 2016). In contrast, genotype of the rs59678213 variant located in the FOXA1 binding site of

the promoter region of UGT2B17 (Hu et al.,, 2010) explained a much larger fraction of
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variability compared to copy number and the A allele was largely associated with the high
UGT2B17 expression pattern. This common genetic variation, for which the genotype varies
importantly across ethnic groups (Fig.5; Supplemental Table 1), was previously identified to
affect FOXA1 binding to the UGT2BI7 promoter in prostate cancer cells by Hu and
collaborators (Hu et al., 2010). Our functional analysis in liver and prostate cancer cells
supported that this genetic variant significantly impacts UGT2B17 expression. It is possible to
infer that the rs59678213 explains a significant proportion of the enzyme hepatic expression
since it is in strong linkage with rs6817882 in Caucasians, which was also found to be associated
with a significant variation of UGT2B17 expression in the liver (Liu et al., 2014). Indeed, the
high expression phenotype observed in WB was systematically associated with the presence of
the 1s59678213 A-variant. On the other hand, the absent or marginal expression phenotype was
persistently associated with the rs59678213 G-variant or complete gene deletion. Overall, based
on the protein expression data, the inclusion of the UGT2BI7 genetic status including the
1s59678213 genetic variant and the CNV, along with sex, as previously reported from mRNA
expression data (Gallagher et al., 2010), explains more than 50% of the variability of UGT2B17
protein expression in the liver. This knowledge represents an important finding since the current
practice essentially considers the gene copy number to predict UGT2B17 expression levels
(Gallagher et al., 2007; Wang et al., 2012; Kahma et al., 2018), here demonstrated to only
partially reflect UGT2B17 expression. Based on the observed UGT2B17 gene deletion frequency
and the occurrence of the rs59678213 G genotype among ethnic groups, our results suggest a
high expression of the UGT2B17 enzyme in the African population that displays a low deletion
frequency and a prevalence of the rs59678213 A allele of 95%. By contrast, a high expression of

UGT2B17 is expected in only ~15% of Asians (Chinese and Japanese) given the gene deletion
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frequency and the low prevalence of the rs59678213 A genotype, in only 18-23% of the Asian
population.

Other known determinants of UGT2B17 protein expression were previously described such as
age and additional germline single nucleotide variations (Liu et al., 2014; Bhatt et al., 2018),
which were not tested herein due to the limited number of liver samples whereas rs59678213 and
rs6817882 were not included in a previous study comprised of a much more significant number
of liver samples (Bhatt et al., 2018). Based on our observations, it will be critical to test the
variation rs59678213 in large cohorts to further our understanding of molecular determinants of

UGT2B17 expression.

A major strength of this study is the development of the first monoclonal antibody with unique
specificity for UGT2B17, and its validation by the analysis of a UGT2B17-negative liver and
through correlation with proteomics quantification. It enables an accurate assessment of
UGT2B17 by immunoblotting in human samples, accessible to most laboratories as well as by
immunohistochemistry. To our knowledge, with the exception of the previously described
specific polyclonal UGT2B28 antibody, also validated in UGT2B28-deficient samples
(Belledant, 2016), it should be appreciated that the specificities of other antibodies directed
against UGT2B members remain to be demonstrated and should be formally evaluated before
conducting any translational studies in human samples. For instance, as highlighted in a recent
study (Rouleau et al., 2016), a monoclonal anti-UGT2B10 showed significant reactivity for
several UGT2B proteins, namely the UGT2B7 protein highly abundant in the liver. Limitations
of the current study are related to the limited sample size and the absence of ethnic groups other
than Caucasians. Correlation with the enzymatic activity of UGT2B17 was not performed here

due to the overlapping substrate specificities of UGT2B enzymes and the lack of a known
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specific probe substrate for the enzyme since testosterone and etiocholanolone are conjugated by
other UGTs (Green et al., 1994; Levesque et al., 1997). Based on our data, it will also be
required to evaluate whether UGT2B17 expression is influenced by the rs59678213 variation in
additional tissues, namely intestine and prostate. Future research should also be directed towards
finding additional molecular determinants of UGT2B17 expression, which may well be tissue-
specific. Besides additional genetic variants in the UGT2B17 gene locus, those affecting
expression of the FOXA1 transcription factor might also be of importance. This knowledge will
help understand the biological impact of this enzyme in health and diseases, namely on the
endocrine system (Juul et al., 2009; Mouritsen et al., 2018), osteoporosis (Yang et al., 2008),
carcinogen exposure (Chen et al., 2010), head and neck cancer (Mafune et al., 2015), prostate
cancer (Kpoghomou et al., 2013; Li et al., 2016), chronic lymphocytic leukemia (Gruber et al.,
2013; Bhoi et al., 2016), pediatric cancer (Ishimaru et al., 2017) and on the inactivation of
antineoplastic and other therapeutic agents (Kang et al., 2010; Sun et al., 2010; Wang et al.,

2012).

Conclusion

We developed a monoclonal antibody that specifically recognizes UGT2B17 in the liver, with no
cross-reactivity with other UGT2B enzymes, such as UGT2B7 and UGT2B15, which are both
involved in steroids and drug glucuronidation. Detection of UGT2B17 by immunoblotting
revealed a high degree of variations in the liver, displaying a remarkable on or off expression
pattern and was also effective for IHC experiments with liver samples. Although our work
exposes key determinants of UGT2B17 expression in the liver, other significant variations
remain to be explained in future studies with larger cohorts, especially in the UGT2B17

rs59678213A high expressors subgroup. The availability of a specific monoclonal UGT2B17
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antibody will help speed up discoveries to clarify mechanisms of its regulation and variability in
the liver and extrahepatic tissues to ultimately appraise its influence on human diseases and drug

Inactivation.
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Legends For Figures

Fig.1. Specificity of the novel monoclonal antibody EL-2B17mAb directed against the
UGT2B17 protein. A. Recombinant human UGT2Bs in Supersomes (0.5 pg); B. Pooled human
liver microsomes (HLM), human intestine microsomes (HIM) and human kidney microsomes
(HKM) (10 pg); C. Pooled HLM (2B17 +) and liver microsomes from an individual carrying no
UGT2B17 gene copy (2B17 -). The position of molecular weight markers are given on the left.

Arrow indicates the molecular weight of UGTs.

Fig.2. Immunohistochemical detection of UGT2B17 with EL-2B17mAb in a normal human
liver. A. Overview of labeling distribution. Bile ducts (orange arrows) are strongly labeled
whereas staining intensity of hepatocytes in the portal and central vein areas is variable. Bar
represents 500 um. B. Enlarged view of a periportal area. Nuclei and cytoplasm of bile duct
epithelial cells (thin black arrows) are strongly stained. Hepatocytes (large blue arrows) are
variably stained, with a predominant nuclear labeling. Inflammatory cells of sinusoidal spaces
are also labeled (red arrows). C. Enlarged view of the central vein area, showing a weaker
labeling of hepatocytes (large blue arrows). In B and C, bars represent 100 pm. The liver shown

corresponds to liver A in Figure S3.

Fig.3. Correlation between UGT2B17 protein expression in human liver microsomal
samples (n=29) determined by mass spectrometry (MS) and immunoblotting (WB) using

EL-2B17mAb. Spearman correlation coefficient (r) and corresponding P value are given.
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Fig.4. UGT2B17 protein abundance in liver samples according to UGT2B17 gene copy
number (n=48). Quantification of UGT2B17 protein expression levels was determined by mass
spectrometry. The P values were determined using the Kruskal Wallis one-way analysis of

variance and corrected by Bonferroni. ** P<0.01; *** P<0.001.

Fig.5. Frequencies of UGT2B17 gene variations in diverse ethnic groups. A. UGT2B17 gene
copy number variation. Frequencies were taken from Xue et al., 2008. B. Allele frequencies of
rs59678213 and rs6817882; C. Linkage disequilibrium between rs59678213 and rs6817882. For
B and C, data were obtained from the 1000 Genomes phase 3 project. Individuals from European
correspond to CEU Utah Residents (CEPH), Chinese to CHB Han Chinese in Beijing, China;

Japanese to JPT Japanese in Tokyo, Japan; and African to YRI Yoruba in Ibadan, Nigeria.

Fig.6. UGT2B17 protein abundance in human liver is driven by FOXAI rs59678213A>G
status. A. UGT2B17 expression levels in liver samples (n=32) according to UGT2BI17 gene
copy number and the rs59678213A>G genotype. UGT2B17 protein levels were as determined by
immunoblotting (WB); B. UGT2B17 protein levels assessed by mass spectrometry in human
liver microsomes (n=48) are stratified by UGT2B17 gene copy number and the rs59678213A>G
status; C. UGT2B17 protein levels as in B are grouped according to rs59678213 in individuals
with at least one gene copy. Significance was determined using the Kruskal Wallis one-way

analysis of variance and were corrected by Bonferroni. ** P<0.01; *** P<(.001.
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Table 1. Protein sequence alignment of the antigen peptide of UGT2B17 with the

corresponding sequence of related UGT2B family members.

Identity with UGT2B17 (%)

UGT proteins Accession Number Sequence Antigen region Full-length

UGT2B17 075795 83KNDLEDFFMKMEFDRWTY 99

UGT2B4 P06133 ;s KTEFEDIIKQLVKRWAEy 294 78.1
UGT2B7 P16662 ;s KTELENFIMQQIKRWSDgg 41.2 76.8
UGT2B10 P36537 e KTEFENIIMQLVKRLSEgg 23.5 76.8
UGT2BI11 075310 ;s KTEFENIIMQQVKRWSDgg 294 76.6
UGT2BI15 P54855 ;s KNYLEDSLLKILDRWIYg9 58.8 94.2
UGT2B28 QI9BY64 ;s KTEFENIIMQQVKRWSDyg 294 75.3

Amino acid sequences of other human UGT2B corresponding to UGT2B17 residues 83-99, used
as the antigen for the antibody production, are shown. Amino acids that are identical to

UGT2B17 are indicated in bold. The sequence alignment was performed using Clustal Omega.
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Figure 2
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Figure 4
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Specific Quantification of UGT2B17

Figure 5
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Specific Quantification of UGT2B17

Supplemental Table 1. Frequencies of the UGT2B17 gene copy deletion and its
promoter variant rs59678213A>G in individual liver samples quantified by MS
(n=48). UGT2B17 gene copy deletion is indicated by "-".

UGT2B17 diplotypes Frequency (%)
-/- 18.8
G/G 22.9
A/A 4.2
-/G 22.9
-/A 20.8
G/A 10.4
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Specific Quantification of UGT2B17

Supplemental Table 2. UGT2B17 protein abundance (in pmol/mg protein) assessed by
MS according to UGT2B17 diplotypes in 48 individuals
The indication "-" indicates no UGT2B17 gene copy.

UGT2B17 diplotypes . . Frequency
(CNV and rs59678213) | " Mean | Median | QI; Q3 (%)
-/- 9 0.05 0.01 0.00; 0.07 18.8
- /G 2 0.77 0.31 0.27; 0.36 45.8
P : . 27; 0. .
_ /A
G/A 17 11.30 1285 | 4.03;21.84 35.4

A/A
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Supplemental Fig.1: Schematic representation of the UGT2B17 gene and
mRNA and protein quantification strategies. The following features are
represented: the binding site of the FOXA1 transcription factor (Hu et al., 2010), the
variant rs59678213, the S5’untranslated region (5’UTR), exon (ex) 1-3 of the
UGT2B17 gene, the position of the qPCR primers (arrows) used to measure
UGT2B17 mRNA expression, the position and sequence of the immunogenic
peptide used to raise EL-2B17mAb and the signature peptide for mass spectrometry

Specific Quantification of UGT2B17

upstream

- - — intergenic —— — UGT2B17
sequence

FOXA1 5 UTR ex 1 ex2 ex3

- - —{xG} ——{-- ucT2B17 gene

rs59678213

—_ e

el 1314 (5] 6| UGT2B17 mRNA

) UGT2B17 protein

Y N\

EL-2B17mAb MS

|s:KNDLEDFFMKMFDRWTY | |,:sFSVGYTVEK g,

quantification (MS).



DMD #86330 Specific Quantification of UGT2B17

kDa 2B4 2B7 2B10 2B11 2B15 2B17 2B28
250 —

130

100 —

70 n.s.

55—

35

Supplemental Fig.2. Specificity of EL-2B17mAb for UGT2B17. Microsomal
fractions (10 pg) of HEK293 cells expressing each of the recombinant human
UGT2B enzymes were immunoblotted with EL-2B17mAb. UGT2B17 was
specifically detected (arrow) but not the other six human UGT2Bs. n.s., non specific
detection of lower mobility proteins, observed in the cell line HEK293.
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Supplemental Fig.3. Immunohistochemical detection of UGT2B17 with EL-2B17mAb in four
normal human livers. A. Overview of liver 4. B. Overview of liver B. C. Overview of liver C. D.
Overview of liver D. In each liver, bile ducts (orange arrows) are strongly to moderately labeled
whereas staining intensity of hepatocytes is variable. E. Subcellular distribution of labeling in each

liver. Bars represent 500 pm.
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Supplemental Fig.4. Quantification of the UGT2B17 by immunoblot in human
liver microsomes. Microsomal fraction (10 ug) from 15 individual livers was
screened with the monoclonal EL-2B17mAb (upper panels) and the pan-UGT2B
polyclonal antibody EL-93 (lower panels). The UGT2B17 genotype status for the
FOXAI genetic variant 1s59678213 and the number of UGT2B17 gene copy are as
indicated. "-" indicates a deleted copy. Commercial pools of human liver
microsomes (HLM) and intestinal microsomes (HIM) are displayed as positive
controls.
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Supplemental Fig.S. UGT2B17 protein abundance assessed by immunoblot
with EL-2B17mAb in two individuals homozygous for rs59678213A>G.
Analysis of pooled human liver microsomes (HLM) and microsomes from two liver
samples from individuals homozygous for the rs59678213A or G allele. The arrow
indicates the UGT2B17 enzyme.
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Supplemental Fig.6. UGT2B17 enzyme expression in prostate cancer cell lines.
Microsomal preparations (10 ug) were probed with the monoclonal EL-2B17mAb.
The arrow indicates the UGT2B17 protein detected. Non-specific detection of lower
mobility proteins (n.s.) is observed in prostate cell lines. The UGT2B17 genotype
status for the FOXA! genetic variant rs59678213 and the number of UGT2B17 gene
indicates a deleted copy. A pooled human liver

copy are as indicated.

n_mn

microsomal sample (HLM) served as a positive control.
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Supplemental Fig.7. Influence of rs59678213A>G and rs6817882A>G variations in
the UGT2B17 promoter on luciferase reporter gene activity in liver and prostate
cancer cells. A. Schematic representation of the UGT2B17 promoter region included in the
luciferase constructs. Coordinates are relative to the translation initiation codon (+1).
Luciferase activity was measured 48h after transient transfection of cell models. B. HuH7;
C. LNCaP; D. LAPC4. Experiments were performed at least twice in triplicates. *P<0.05;
**P<0.01; ***P<0.001.
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