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Circulating intestine-derived
exosomal miR-328 in plasma, a
possible biomarker for estimating
BCRP function in the human

intestines

Keisuke Gotanda', Takeshi Hirota®, Jumpei Saito?, Masato Fukae!, Yu Egashira?
Noritomo lzumi?, Mariko Deguchi?, Miyuki Kimura?, Shunji Matsuki?, Shin Irie? & Ichiro leiri

A variant in the breast cancer resistance protein (BCRP) gene, 421C>> A is a useful biomarker for
describing large inter-individual differences in the pharmacokinetics of sulfasalazine (SASP), a BCRP
substrate. However, large intra-genotypic variability still exists in spite of the incorporation of this
variant into the pharmacokinetics of SASP, Since miR-328 negatively regulates BCRP expression in
human tissues, we hypothesized that exosomal miR-328 in plasma, which leaks from the intestines,

is a possible biomarker for estimating BCRP activity in the human intestines. We established an
immunoprecipitation-based quantitative method for circulating intestine-derived miR-328 in plasma
using an anti-glycoprotein A33 antibody. A clinical study was conducted with an open-label, non-
randomized, and single-arm design involving 33 healthy participants. Intestine-derived exosomal miR-
328 levels positively correlated (P < 0.05) with SASP AUC,_;, suggesting that subjects with high miR-
328 levels have low intestinal BCRP activity, resulting in the high AUC of SASP. Circulating intestine-
derived exosomal miR-328 in plasma has potential as a possible biomarker for estimating BCRP function
inthe human intestines.
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Exosomes are small membrane vesicles that are secreted into
body fluids such as blood, urine, breast milk, and saliva from
many tissues or organs such as liver and intestine.

Exosomes contain functional proteins, lipids, mMRNAs, DNAS,
and miRNA, which are derived from the tissue or organ from
which they originate._These materials are useful as biomarkers in
body fluids for estimation of functional state of that tissue or

organ.

O The circulating exosomal RNAs (MRNA and miRNA) are protected from
plasma RNase by exosome.

O Tissue or cell specific surface proteins are also added in the exosomal
membrane.

O Therefore,tissue specific exosomes can be obtained by immunoprecipitation
techniaues.
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Circulating intestine-derived
exosomal miR-328 in plasma, a
possible biomarker for estimating
BCRP function in the human
intestines

Keisuke Gotanda?, Takeshi Hirotal, Jumpei Saito?!, Masato Fukael, Yu Egashira?,
Noritomo Izumi?, Mariko Deguchi?, Miyuki Kimura?, Shunji Matsuki?, Shin Irie? & Ichiro leiri*

A variant in the breast cancer resistance protein (BCRP) gene, 421C> A is a useful biomarker for
describing large inter-individual differences in the pharmacokinetics of sulfasalazine (SASP), a BCRP
substrate. However, large intra-genotypic variability still exists in spite of the incorporation of this
variant into the pharmacokinetics of SASP. Since miR-328 negatively regulates BCRP expression in
human tissues, we hypothesized that exosomal miR-328 in plasma, which leaks from the intestines,

is a possible biomarker for estimating BCRP activity in the human intestines. We established an
immunoprecipitation-based quantitative method for circulating intestine-derived miR-328 in plasma
using an anti-glycoprotein A33 antibody. A clinical study was conducted with an open-label, non-
randomized, and single-arm design involving 33 healthy participants. Intestine-derived exosomal miR-
328 levels positively correlated (P < 0.05) with SASP AUC, 5, suggesting that subjects with high miR-
328 levels have low intestinal BCRP activity, resulting in the high AUC of SASP. Circulating intestine-
derived exosomal miR-328 in plasma has potential as a possible biomarker for estimating BCRP function
in the human intestines.



K What is microRNA ?

- MicroRNA (miRNA) is a small noncoding RNA, approximately 20-25 nucleotides in
length, which binds the 3’-untranslated region (3-UTR) of mRNA leading to
inhibition of translation of MRNA or degradation of mRNA, which depends on
sequence complementarity, sequence similarity between miRNA and 3-UTR of
MRNA

- MicroRNAs involve cellular proliferation, differentiation, and apoptosis in metazoans,
humans, mice and other organisms
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miR-328 and ABCG2 gene, BCRP protein expression, and efflux functions

Previous evidences;

1.

2.

mMiR-328 negatively regulated the expression of (BCRP/ABCG2) in human cancer cells.
Mol Pharmacol 75:137 (2009)
Downregulation of ABCG2 expression in glioblastoma cancer stem cells with miR-328 may
decrease their chemo-resistance.
Med Sci Monit 16:27 (2010)
MiR-328 expression is decreased in high-grade glioma and is associated with worse
survival in primary glioblastoma.
PLOS ONE 7:€47270 (2012)
MicroRNA expression profiling identifies miR-328 regulates cancer stem cell-like SP cells
in colorectal cancer.
Bt J Cancer 106:1320 (2012)
microRNA-328 is a favorable prognostic marker in human glioma via suppressing invasive

and proliferative phenotypes of malignant cells.
Int J Neirosci 126:145 (2016)



¥ The relationship between miR-328 and BCRP
expression in human placentas

BCRP mRNA level BCRP protein level
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Correlation analysis between miR-328 and BCRP genes mRNA or protein

expression levels in human placentas samples
Wild type (421 C/C) homozygote samples were selected to eliminate the influence of
BCRP genetic variants (n = 20)

These observations are consistent with previous reports showing BCRP
expression is requlated by miR-328




Inter-individual difference in miR-328 expression

In human placentas

MIRNA expression levels in normal tissues showed a large inter-individual variability
(Hirota T, et al., 2012, Yokoi T, et al., 2011)
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Relative miR-328 expression levels in human placenta (n=20)

An over 80-fold inter-individual difference is observed in miR-328 levels
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Methylation in the three CG dinucleotides in the 5’-flanking
region of precursor of the miR-328, that is the promoter region,
suppressed miR-328 expression, leading to BCRP up-regulation

In the human placenta
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W Glycoprotein A33 (GPA33) uniProtkB/swiss-Prot:Q99795

- Cell surface antigen (319-aa)
- Expression in greater than 95% of human colon cancers

teral exosome

Apical exosome
LUMINAL

MHC classIll  CD26 :
peptide MHC class Il COMPARTMENT
\ peptide

CL ApE BaskE IEM
MHC class |
Ipeptide 2 ug 2 Hg 2ug

Intestinal
Epithelial
Cell

] ! U} Epithelial cell
Microsomal dipeptidase “surface antigen

A33 Antigen |&

Local or systemic
immune cells

Western blots indicate that

£ 2 £ CD9, CD81, CD82, and A33
é : > £ § antigen are expressed in il
g g 3 § E apical (ApE) and L‘j e

basolateral (BasE)
exosomes

(Mallegol J et al., 2010)



Isolation of the intestine-derived exosomes from the total plasma
exosomes by using co-immnoprecipitation
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Relationship between exosomal miR-328 expression

and the pharmacokinetics of sulfasalazine
B
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Figure 4. Relationship between miR-328 levels in total exosomes or intestine-derived exosomes in plasma
and SASP AUC, 4. MiR-328 levels were normalized with the most stable reference genes selected by geNorm
for all samples. Significance was determined by Spearman’s correlation test.

Subjects with high miR-328 levels in plasma show high SASP AUC, which suggest that
subjects with high miR-328 levels in plasma show low intestinal BCRP function.

Plasma MiR-328 level in the intestine-derived exosomes can serve as a
potential biomarker to predict the pharmacokinetics of the BCRP substrate.
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ORIGINAL ARTICLE

Plasma extracellular nanovesicle
(exosome)-derived biomarkers for drug
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metabolism pathways: a novel approach to
characterize variability in drug exposure
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AIMS
Demonstrate the presence of cytochrome P450 (CYP) and UDP-glucuronosyltransferase (UGT) proteins and mRNAs in isolated
human plasma exosomes and evaluate the capacity for exosome-derived biomarkers to characterize variability in CYP3A4 activity.

METHODS

The presence of CYP and UGT protein and mRNA in exosomes isolated from human plasma and HepaRG cell culture medium was
determined by mass spectrometry and reverse transcription—polymerase chain reaction, respectively. The concordance between
exosome-derived CYP3A4 biomarkers and midazolam apparent oral clearance (CL/F) was evaluated in a small proof-of-concept
study involving six genotyped (CYP3A4 *1/*1 and CYP3A5 *3/*3) Caucasian males.

RESULTS

Exosomes isolated from human plasma contained peptides and mRNA originating from CYP 1A2, 2B6, 2C8, 2C9, 2C19, 2D6,
2E1, 22, 3A4 and 3A5, UGT 1AT1, 1A3, 1A4, 1A6, 1A9, 2B4, 2B7, 2B10 and 2B15, and NADPH-cytochrome P450 reductase. Mean
(95% confidence interval) exosome-derived CYP3A4 protein expression pre- and post-rifampicin dosing was 0.24 (0.2-0.28) and
0.42 (0.21-0.65) ng mi™" exosome concentrate. Mean (95% confidence interval) exosome CYP3A4 mRNA expression pre- and
post-rifampicin dosing was 6.0 (1.1-32.7) and 48.3 (11.3-104) x 1 o1 et respectively. R? values for correlations of exosome-
derived CYP3A4 protein expression, CYP3A4 mRNA expression, and ex vivo CYP3A4 activity with midazolam CL/F were 0.905,
0.787 and 0.832, respectively.

CONCLUSIONS

Consistent strong concordance was observed between exosome-derived CYP3A4 biomarkers and midazolam CL/F. The signifi-
cance of these results is that CYP3A4 is the drug-metabolizing enzyme of greatest clinical importance and variability in CYP3A4
activity is poorly described by existing precision dosing strategies.
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Figure 4
Concordance of exosome-derived CYP3A4 biomarkers and midazolam CL/F in a cohort of healthy males (n = 6). (A) Exosome-derived CYP3A4 protein
expression vs. midazolam CL/F. (B) Exosome-derived CYP3A4 mRNA expression vs. midazolam CL/F. (C) Ex vivo CYP3A4 activity (rate of 1-hydroxymid-
azolam formation) vs. midazolam CL/F. (D) Exosome-derived CYP3A4 mRNA expression vs. exosome-derived CYP3A4 protein expression. (E) Ex vivo
CYP3A4 activity vs. exosome-derived CYP3A4 protein expression. (F) Ex vivo CYP3A4 activity vs. exosome-derived CYP3A4 protein expression
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REVIEW

From Endogenous Compounds as Biomarkers
tof Plasma-Derived Nanovesicles|as Liquid
Biopsy; Has the Golden Age of Translational
Pharmacokinetics-Absorption, Distribution,
Metabolism, Excretion-Drug-Drug Interaction
Science Finally Arrived?

David Rodrigue s'* and Andrew Rowland®

It is now established that a drug's pharmacokinetics (PK) absorption, distribution, metabolism, excretion (ADME) and
drug-drug interaction (DDI) profile can be modulated by age, disease, and genotype. In order to facilitate subject
phenctyping and clinical DDI assessment, therefore, various endogenous compounds (in plasma and wring) have
been pursued as drug-metabolizing enzyme and transporter biomarkers. Compared with biomarkers, however, the
topic of circulating extracellular vesicles as “liquid biopsy™ has received little attention within the ADME community;
maost organs secrete nanovesicles (e.g., exosomes) into the blood that contain luminal “cargo” derived from the
originating organ (proteins, messenger RNA, and microRNA). As such, ADME profiling of plasma exosomes could be
leveraged to better define genotype-phenotype relationships and the study of ontogeny, disease, and complex DDIs.
If methods to support the isclation of tissue-derived plasma exosomes are successfully developed and validated, it is
envisioned that they will be used jointly with genotyping, biomarkers, and modeling tools to greatly progress
translational PK-ADME-DDI science.

CUMICAL PHARMACOLOGY & THERAPELTICS | YOLUME 105 NUMEER G | June 2019
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Table 1 Summary examples of ADME biomarkers and studies utilizing plasma-derived, urine-derived, or cell culture medium-

derived exosomes

Protein Biomarker References
OATP1B1 (SLCO1B1) CP-l, GCDCA-S (plasma) 35-39
MRP2 (ABCC2) CP-I (plasma, urine)
OAT1 (SLC22A6) Taurine (plasma, urine)
OAT3 (SLC22A8) 6pHC, GCDCA-S (plasma, urine)
MATEL (SLC47A1) NMN (plasma, urine)
OCT2 (SLC22A2) NMN (plasma, urine)
CYP3A4/5 4BHC (plasma), 6BHC/cortisol (urine)
Protein(s) | Exosome preparati0n| References
CYP3A4 Measurement of CYP3A activity and expression in 63
plasma-derived exosomes following inducer
(rifampicin)
Assessment of CYP3A4 mRNA induction in
HepaRG cell medium exosomes following
rifampicin
CYPs, UGTs, AO, SULT Immunoblotting and proteomic analysis of 55
multiple DME in medium-derived exosomes of
collagen-plated rat hepatocytes
Multiple CYPs MRNA and immunoblot analysis of human 49
plasma-derived exosomes
CYP2E1 and CYP3A4 activity measurement
BCRP (ABCG2) Correlation of intestine-derived exosome miR-328 56
levels vs. sulfasalazine plasma AUC
OCTN2 (SLC22A5) Sodium-dependent carnitine uptake in HEK293 57
cell-derived and human urine—derived exosomes
Multiple UGTs Measurement of UGT activity (4MU) and 63
expression using human plasma-derived
exosomes
P-gp (ABCB1) Measurement of P-gp expression in exosomes in 58

media of drug-resistant MCF-7 cells in culture

4BHC, 4p-hydroxycholesterol; 4MU, 4-methylumbelliferone; 6pHC, 6@-hydroxycortisol; ADME, absorption, distribution, metabolism, and excretion; AO, aldehyde
oxidase; AUC, area under the plasma concentration vs. time curve; BCRP, breast cancer resistance protein; CP-I, coproporphyrin |; CYP, cytochrome P450; DME,
drug-metabolizing enzymes; GCDCA-S, glycochenodeoxycholic acid 3-sulfate; HEK, human embryonic kidney; MATE, multidrug and toxin extrusion protein; MCF-7,
Michigan Cancer Foundation-7; miR, micro RNA; MRP, multidrug resistance-associated protein; NMN, lemethylnicotinamide; OAT, arganic anion transporter;
OATP, organic anion transporting polypeptide; OCT, organic cation transporter; OCTN, carnitine/organic cation transporter; Pgp, P-glycoprotein; SULT,
sulfotransferase; UGT, UDP-glucuronaosyltransferase.
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