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Loss of oatp1b3 function causes rotor syndrome

Implications for potential use of inhibitors in cancer
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here has been increasing recognition

that organic anion transporter pro-
teins (OATPs) play an important role in
the biology of various cancers. De novo
expression of OATDPs has been identified
in breast, colon, pancreatic, gastric and
prostate cancer cells, among others.! In
patients with prostate cancer, polymor-
phisms encoding decreased functioning
OATP1B3 were associated with a longer
time to progression on androgen depriva-
tion therapy and a longer overall survival
which is likely caused by reduced tumoral
testosterone uptake.> Because of these
findings, therapeutic inhibition targeting
OATP1B3 has been proposed. However,
any enthusiasm for inhibiting OATP1Bs
therapeutically has been tempered by res-
ervations about potential consequences.
For instance, inhibitors could interfere
with several normal physiological pro-
cesses mediated by OATP1B3 (i.e., bile
acid reuptake, bilirubin uptake, etc.) or
cause potential, as-yet unknown, drug
interactions by barring hepatic uptake,
subsequent metabolism and elimination.

A study recently published in the Journal
of Clinical Investigation by van de Steeg
et al’ elucidates that loss-of-function
mutations in two highly homologous
genes, SLCO1BI and SLCO1B3 (encod-
ing OATPIBI and OATPI1B3), cause
benign unconjugated hyperbilirubinemia.
These data provide insight into the poten-
tial physiological consequences of inhibit-
ing OATP1Bs in patients.

The experiments described in the
article arose from the observation that
mice lacking genes for any functional

OATPIA/1B proteins (Slcola/lb”) were

Cancer Biology & Therapy

jaundiced. Upon further examination, it
was revealed that these mice had a pro-
found conjugated hyperbilirubinemia.
Because OATPIB1 and OATPIB3 nor-
mally localize to the basolateral mem-
brane of hepatocytes, it was hypothesized
that the jaundice and conjugated hyperbil-
irubinemia was due to their absence in the
liver. To test this hypothesis, transgenic
Sleola/Ib™ mice that expressed liver spe-
cific, ApoE-dependent human OATP1BI
or OATPIB3 were created. In each case,
the expression of either OATPIBI or
OATPI1B3 restored normal phenotype to
the mouse and reversed the conjugated
hyperbilirubinemia.

Since the Sleola/lb™ mice exhibited
a phenotype remarkably similar to the
human condition Rotor syndrome, which
typically presents as a benign conjugated
hyperbilirubinemia, it was hypothesized
that Rotor syndrome was caused by a
deficiency of functional OATP1Bl and
OATPIB3 proteins. After identifying 11
individuals from 8 families with Rotor
syndrome, homozygosity mapping was
performed in an unbiased fashion and
identified a single region on chromo-
some 12 for which the individuals were
homozygous.

The identified genomic region con-
tained the genes for OATPIBI and
OATPIB3 as predicted, and further
sequence analysis identified either dele-
tions or sequence mutations that ren-
dered both OATP1Bl1 and OATP1B3
non-functional. Staining of liver biopsy
specimens from these individuals with
anti-OATPI1B1 and 1B3 antibodies con-
firmed the absence of the transporter pro-
teins. Genetic analysis of family members
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and a cohort of people from the general
public who did not have Rotor syndrome
revealed that only one functional copy
of either OATP1B1 or OATPIB3 could
prevent development of Rotor’s, confirm-
ing the experiment with the transgenic
Slcolal/lb".

The sum of these experiments makes
it clear that the total loss of OATP1B1
and OATPIB3 in humans results in a
benign, conjugated hyperbilirubinemia
known as Rotor syndrome. This revela-
tion should instill a cautious optimism
in those who wish to pursue inhibition of
OATPIB1 and OATP1B3 as a therapeutic
aim. Complete loss of function of these
proteins leads to an altogether benign
condition in normal human physiology.
In addition, OATP1B1 and OATP1B3
are normally expressed at a much higher
level in the liver cells than in cancer cells,
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so it is likely that total inhibition of these
transporter proteins in cancer cells could
be achieved while still maintaining partial
function in hepatocytes.®

As this article suggests, even partial
function of OATP1BI and OATPI1B3
should be enough to prevent any nega-
tive sequelae; however, it is unclear if
patients with Rotor syndrome, or under-
going therapy with OATPIB inhibitors,
are more susceptible to significant drug
interactions. For example, an investiga-
tional drug, AZX, which only moder-
ately inhibits OATP1B1, was predicted
to cause clinically significant DDIs, espe-
cially with certain statins.” As anti-cancer
agents tend to have a narrow therapeutic
window and are most often used to treat
patients with a variety of comorbidities
who are typically undergoing polyphar-
macy, we suggest that DDIs should be
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investigated as OATPI1B inhibitors are
developed. In conclusion, the study by
van der Steeg suggests cautious optimism
for the development of OATP1B inhibi-
tors, but drug interactions may still be
problematic.
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