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Abstract
Background: Metformin is one of the most commonly used drugs for the treatment of type 2 diabetes mellitus (T2DM). Despite its |

widespread use, there are considerable interindividual variations in metformin response, with about 35% of patients failing to achieve
initial glycemic control. These variabilities that reflect phenotypic differences in drug disposition and action may indeed be due to
polymorphisms in genes that regulate pharmacokinetics and pharmacodynamics of metformin. Moreover, interethnic differences in
drug responses in some cases correspond to substantial differences in the frequencies of the associated pharmacogenomics risk
allele.

Aim: This study aims to highlight and summarize the overall effects of organic cation transporter 1(OCT1) polymorphisms on
therapeutic responses to metformin and to evaluate the potential role of such polymorphisms in interethnic differences in metformin
therapy.

Methods: \We conducted a systematic review according to the Preferred Reporting ltems for Systematic Review and Meta-Analysis
(PRISMA) guidelines. We searched for PubMed/MEDLINE, Embase, and CINAHL, relevant studies reporting the effects of OCT1
polymorphisms on metformin therapy in T2DM individuals. Data were extracted on study design, population characteristics, relevant
polymorphisms, measure of genetic association, and outcomes. The presence of gastrointestinal side effects, glycated hemoglobin
A1 (HbA1c) levels, fasting plasma glucose (FPG), and postprandial plasma glucose (PPG) concentrations after treatment with
metformin were chosen as measures of the metformin responses. This systematic review protocol was registered with the
International Prospective Register of Systematic Reviews (PROSPERO).

Results: According to the data extracted, a total of 34 OCT1 polymorphisms were identified in 10 ethnic groups. Significant
differences in the frequencies of common alleles were observed among these groups. Met408Val (rs628031) variant was the most
extensively explored with metformin responses. Although some genotypes and alleles have been associated with deleterious effects
on metformin response, others indeed, exhibited positive effects.

Conclusion: Genetic effects of OCT1 polymorphisms on metformin responses were population specific. Further investigations in
other populations are required to set ethnicity-specific reference for metformin responses and to obtain a solid basis to design
personalized therapeutic approaches for T2DM treatment.

Abbreviations: AMPK = adenosine monophosphate activated protein kinase, BMI = body mass index, FPG = fasting plasma
glucose, HbA1c = glycosylated hemoglobin, LKB1 = liver kinase B1, OCT1 = organic cation transporter 1, OCTs = organic cation
transporters, OR = odds ratio, PPG = postprandial plasma glucose, SLC22A1 = solute carrier family 22 member 1, SNP = single
nucleotide polymorphism, T2DM = type 2 diabetes mellitus, WHO = World Health Organization.
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1. Introduction

Metformin is the first-choice oral anti-hyperglycemic drug for use
as monotherapy in individuals with newly diagnosed type 2
diabetes mellitus (T2DM)."?! It has several beneficial effects on
cardiovascular risk factors, cancer, and polycystic ovary
syndrome.**! Moreover, metformin specifically reduces hepatic
gluconeogenesis without increasing insulin secretion, inducing
weight gain or risk of hypoglycemia.l"*! The precise molecular
mechanisms of metformin action are not well understood. It was
initially suggested that a key action of metformin was to activate
AMP-activated protein kinase (AMPK) through a decrease in
hepatic energy status (i.e., increasing AMP: ADP and/or ADP/
ATP concentration ratio) or through an upstream modulator,
liver kinase B1 (LKB1), thereby leading to a reduction in
gluconeogenic gene transcription.!”! However, recent investiga-
tions in conditional AMPK knockout mice demonstrated that
metformin inhibits hepatic gluconeogenesis in an LKB1- and
AMPK-independent manner via a decrease in the hepatic energy
state.”] Emerging evidence also indicates that inhibition of
mitochondrial glycerophosphate dehydrogenase (mGPD), a
critical enzyme in the glycerophosphate shuttle, could be the
primary mechanism of metformin-induced inhibition of gluco-
neogenesis.®! This preferential action of metformin in hepato-
cytes is due to the predominant expression of organic cation
transporters 1 (OCT1) that are responsible of hepatic uptake of
metformin. OCT1 belongs to the Solute Carrier family (SLC22A)
and is localized in the sinusoidal membrane of rat and human
hepatocytes.””! Other reported locations of human OCT1 include
the lateral membrane of intestinal epithelial cells, ! the luminal
(apical) membrane of ciliated cells in the lung, and of tubule
epithelial cells in the kidney.™ The human SLC22A1 gene
encoding OCT1 consists of 11 exons, has been mapped to
chromosome 6q26 and spans about 37kb. OCT1 is highly
polymorphic in ethnically diverse populations and mediate
differences in transporter function."?! This helps provide a
possible mechanism to account for interindividual variations in
the metformin responses.!'3! Moreover, carriers with loss of
function OCT1 polymorphisms displayed decreased hepatic
metformin exposure after intravenous injection of ''C metfor-
min."*! Many studies have identified genetic polymorphisms in
the SLC22A1 gene among different populations groups but there
are still contradictory reports on the effects of OCT1
polymorphisms on metformin-related therapeutic responses.'’!
In light of this, it is crucial to obtain a greater understanding of
the influence of OCT1 polymorphisms in the context of variable
responses elicited by metformin treatment. This systematic review
therefore summarizes the overall effects of OCT1 polymorphisms
on metformin-related therapeutic responses and also evaluates its
potential role in terms of interethnic differences in this instance.

2. Methods

2.1. Literature search strategy

We searched the following electronic databases PubMed/MED-
LINE, Embase, and CINAHL from January 1990 to July 2017, to
identify studies reporting on the effects of OCT1 variants on
metformin responses in T2DM individuals. The search strategy
based on the combination of relevant terms was designed by a
librarian. The main search strategy conducted in PubMed/Medline
was as follows: “((((Diabetes [MeSH Terms]) OR type 2 diabetes))
AND ((((((((Genetic [MeSH Terms]) OR genetic markers) OR
genetic polymorphism) OR Single nucleotide polymorphism) OR
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Polymorphism) OR variant) OR gene) OR allele)) AND (((solute
carrier family 22 organic cation transporter, member 1 [MeSH
Terms]) OR Organic Cation Transporter 1) OR OCT 1)”. This
search strategy was adapted when searching other databases. The
search was performed independently by 2 investigators (EPMM and
MGF) who identified articles in sequential fashion (titles, abstracts,
and then full texts). In addition, references cited in the selected
articles and published reviews were manually searched in order to
identify any additional relevant studies.

2.2. Study selection

We included genetic association studies that reported data on the
genetic effects of OCT1 polymorphisms on levels of HbA ¢, fasting
plasma glucose (FPG) and post-prandial plasma glucose (PPG),
and also on gastrointestinal side effects in T2DM individuals. Two
review authors (EPMM and MGF) independently assessed
eligibility for inclusion in the review based on the inclusion and
exclusion criteria. Any disagreements between the 2 review authors
were resolved by consensus or consulting a third review author if
necessary. Here we excluded animal studies, review articles, meta-
analyses, case reports, editorials, and comments. In addition, 2
articles written in Russian were also excluded. A PRISMA
(Preferred Reporting Items for Systematic Review and Meta-
Analysis) flow diagram was used to document the process of
literature selection and reasons for exclusion (Fig. 1).

2.3. Data extraction, assessment, and synthesis

Two reviewers (EPMM and MGF) independently extracted data
using a preconceived data extraction sheet. Data were collected on
the first author name, year of publication, geographical location
(population where the study was performed), study design, sample
size, participants’ characteristics (mean or median age, age range,
and proportion of males), duration of treatment with metformin
monotherapy, relevant OCT1 polymorphisms, minor allelic
frequencies in each population with Hardy Weinberg equilibrium
if available, and primary outcome measurements (measure of
metformin response after treatment with metformin). Disagree-
ments were settled by consensus among the authors. The STREGA
(Strengthening the Reporting of Genetic Association Studies)
statement was used to assess the reporting quality of included
studies.'® Briefly, we assessed the reporting quality of all included
studies in accordance with the following criteria: title and abstract,
study design, selection criteria and basic characteristics of study
participants, duration of metformin treatment, genotyping
methods and its reliability, statistical method, accuracy and the
outcome data on association between gene variants and the
metformin responses. As the metrics used for assessment of genetic
effects of OCT1 polymorphisms and study designs in the
metformin response were not sufficiently similar, a narrative
synthesis of the findings from the included studies was provided.
This study is based on published data; therefore, ethical approval is
not a requirement. This systematic review protocol was registered
with the International Prospective Register of Systematic Reviews
(PROSPERO) on the December 7,2017. Trial registration number:
CRD42017079978.

3. Results

3.1. Study characteristics

Our initial search identified 4186 records: 1719 from PubMed/
MEDLINE, 1907 from Embase, 546 from CINAHL, and 14 from
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Figure 1. PRISMA flow diagram, describing the process of literature selection and reasons for exclusion. A total of 4186 records have been identified: 1719 from
PubMed/MEDLINE, 1907 from Embase, 546 from CINAHL and 14 from manually searching the reference list of other articles. After screening of the titles and
abstracts, 45 studies were found potentially eligible and their full texts were downloaded for further screenings. Of these 45 studies, we excluded 28 articles and the

remaining 17 articles were included in the review.

manually searching the reference list of other articles. After
screening of the titles and abstracts, 45 studies were found
potentially eligible and their full texts were downloaded for
further screenings. Of these 45 studies, we excluded 28 articles
and the remaining 17 articles were included in the review (Fig. 1).

The majority of included studies were concentrated in Asia
(47%), followed by Europe (29.4%). There were no study
reported for the African continent. Of these eligible studies, 3
were conducted for each of the Caucasian and Indian population,
2 were conducted for each of the Chinese, Japanese and Scottish
populations, while only 1 study was conducted for each of the
Latvian, Danish, and Iranian populations. In 2 studies, the
population was not specified. Most studies, but not all, reported
sufficient details about selection criteria and basic characteristics
for participants. The number of participants ranged from 33 to
2216, the proportion of men from 13.6% to 62.7% and the age

of participants was above 29 years. Study participants were
diagnosed with T2DM and treated with metformin monotherapy
for at least 3 months and here the diagnosis was based on World
Health Organization (WHO) criteria, HbAlc levels, FBG, and
PPG. The response to metformin in individuals diagnosed with
T2DM was categorized as responders and nonresponders,
respectively. Nonresponders constituted patients whose HbAlc
levels declined by <1% after 3 months treatment or who
experienced gastrointestinal side effects, while responders were
cases where HbA1c levels decreased by more than 1%. Measures
of association were used to assess the effects of OCT1
polymorphisms in terms of the metformin response and included:
differences in HbAlc, FPG, PPG levels among the various
genotyping groups before and after metformin therapy, and odds
ratios that were often adjusted for age, gender, and use of co-
medications.
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3.2. Genetic effects of OCT1 polymorphisms

Over 34 polymorphisms were investigated in 10 different
populations with a minimum of 1 and a maximum of 12 per
study. Significant differences in the frequencies of common
variants have been observed among ethnic groups (Table 1).

3.2.1. rs628031 (1222A>G). The polymorphism rs628031
(1222A>G) was the most genotyped and its frequency has been
found to range from 15% to 80% (median, 36%). Japanese
population has the highest frequency (80%) while; 7s628031 is
present only in 40% in Caucasians."”8 Association of
7s628031 with the glycemic response to metformin was assessed
in 7 studies.''”23! Here a study investigating 7s628031 in 277
Han Chinese participants found a significant reduction in HbAlc
levels (P<.02) in individuals carrying the A/A genotype
compared to those with the heterozygous genotype (A/G).1*!
However, the A allele of A/A genotype was significantly
associated with metformin side effects in a study conducted
with 246 Latvian participants (P=.02).1??! By contrast, investi-
gation of 7628031 in Iranian,®! Indian,”" Caucasian,"®' and
Japanese!'”*3 populations showed that there were no associa-
tion between this polymorphism and metformin responses.

3.2.2. rs122083571 (181C>T) and rs72552763
(1258_1260delATG). Polymorphisms rs122083571 (181 C>T)
and rs72552763 (1258_1260del ATG) were assessed in 6
studies!'3?224281 and their frequencies varying from 67% to
89% and 18% to 28%, respectively. In 1 study with 92
participants, from unspecified population, the 7s122083571 and
7s72552763 polymorphisms were significantly associated with
gastrointestinal side effects (OR=2.31, 95% CI [1.07-5.01],
P=.034).*! In addition, the investigation of rs122083571 and
7s72552763 in 2216 participants from the GoODART Study found
that such individuals (and receiving treatment with known OCT1
inhibitors) were over 4 times more likely to develop intolerance to
metformin (OR=4.13, 95% CI 2.09-8.16, P<.001).*"! How-
ever, there was no association for such polymorphisms and
metformin responses in Latvian and Danish populations.?*2”!

3.2.3. rs622342 (1386A>C). The association of rs622342
(1386A>C) with metformin responses was investigated in 5§
studies that involved 3 populations (South Indian, Danish, and
Caucasian)'8272?731 with the frequency ranging from 5% to
37%. A study conducted in a Caucasian population found a
positive significant association between 75622342 and HbAlc
levels (P=.005). This translated to an average of 0.28% lower
decrease in HbA1c levels for each minor C allele.*!! By contrast,
the major allele A of rs622342 displayed a 5.6 x greater chance of
responding to metformin treatment in a South Indian popula-
tion.!*”! There was no significant relationship with HbA1c levels
in a Danish population and also for 2 other studies involving a
Caucasian population.?”>3%

3.2.4. rs2297374 (+43C>T). The polymorphism rs2297374
(+43C>T) and metformin response showed no significant
association in Indian populations.*!! However, Han Chinese
Shanghai individuals with the rs 2297374 C/T genotype exhibited
significantly greater reductions in their FPG (P=.002) and
HbAlc (P=.039) levels following metformin treatment versus
homozygous 52297374 genotypes (C/C) and (T/T).*°! The
frequency of 7s2297374 in these populations is close to 40%.

3.2.5. rs4646272 (—43T>G). The rs4646272 (-43T>G) poly-
morphism was assessed in 3 studies!'”*'*!! with a frequency
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ranging from 20% to 67%. Here the one conducted with 66
Japanese subjects showed that 7s4646272 is a negative predictor
of metformin efficacy.”'”! However, the other studies showed no
association.

3.2.6. rs34130495 (17857 G>A). Two studies assessed the
association between rs34130495 (17857 G > A) and metformin
responses.”>27! Here a study investigating rs34130495 in 371
Danish subjects found a significant association with absolute
decreases in Hb1Ac levels.*”]

3.2.7. rs2282143 (1022C >T). rs2282143 (1022C>T) has been
assessed in Indian population with a frequency of 20%. It has
been demonstrated to impair OCT1 function in this popula-
; [21]

tion.

3.2.8. rs1867351 (156T>C). The effect of rs1867351
(156T>C) on the glycemic response to metformin was
investigated in Han Chinese and Indian populations with a
frequency of 50% and 27 %, respectively. No significant effect of
the minor C allele has been shown while, the T/T genotype of
rs1867351 exhibited a greater reduction in PPG and HbAlc
levels (P=.020) in Han Chinese population.’*!

3.2.9. rs594709 (597 A>G). The rs594709 (597 A>G)
polymorphism was associated with the metformin treatment
response in the Chinese population. Here GG genotype displayed
a higher increase in FINS (P=.015) and a greater decrease in
HOMA-IS (P=.001) and QUICKI (P=.002) than A allele
carriers.??!

3.2.10. rs200684404 (350C>T), 289C>A, and 616C>T.
75200684404 (350C>T), 289C>A and 616C>T polymorphisms
were investigated in the Japanese population and revealed a
significant reduction in metformin uptake.™”!

3.2.11. Others polymorphisms. The association of other OCT1
polymorphisms, including 7s34104736, rs2297373, rs622591,
752197296, 154709400, rs461473, rs1443844, rs9457843, and
rs6937722 was also investigated. However, no significant
relationships were found between such variants and the
metformin response./'%2!

4. Discussion

Metformin is the most widely used first-line pharmacotherapy for
T2DM. However, the interindividual variations in metformin
efficacy ranging from improvement in HbAlc levels (by up to
4%) to a worse outcome with, estimates of ~35% failure rate
with treatment clearly suggest that this treatment modality is
affected by individual genetic imprints.*>~33! Although several
studies have now identified a plethora of OCT1 genetic variants
that underlie such interindividual differences,’***”! no systematic
review has thus far been conducted (as far as we are aware) to
assess its impact. Most studies investigating the effects of OCT1
polymorphisms in the context of therapeutic responses to
metformin for T2DM, essentially focused on European, Asian
and Caucasian populations without consideration for other
population group. Of note, Seitz et al’®”! performed a global scale
population analysis of OCT1 variants and identified 85 variants
in 52 worldwide population groups that included sub-Saharan
Africa, the Middle East and North Africa, Central Asia, East Asia
and Oceania, Europe, and America. Although OCT1 polymor-
phisms have also been identified in Africans Americans and
African populations such as the Xhosas (South Africa), Luhyas



www.md-journal.com

Mofo Mato et al. Medicine (2018) 97:27

(panuyuoo)

(G00 > d)
[oAS] UlLLIOAsW Poojq PUB Ujnsul
‘0d4 Jaybiy Apueayiubis pue 04uo0d

olWsaA|b Jood yum pajeidosse si gja|e 9 - 680 17685802215/ - - GG—GE 09 [BUOI108S-SS01) [oz® 18 AUSOy  UBIeLIR] UBIPU LANOS
papirold JoN - 1€0 v/£/6225!
papiroid 10N - 810 crlc8ces!
papiroid JoN - yAN] 88027881
papirold JoN - 20 2/29v9ys!
papinoid 10N 160" =d 120 1698181
1100 Jo uonoun pabueyoun - evo 1808298/
1100 Jo uonouny Buibewep Aqedold 800" =d 020 evic8ee s
1100 Jo uonoun pabueyoun 2000 =d €90 69£€89 sl - 8Y CLCLFOp 06 [BUOI108S-SS01) 18 ans d
‘044 Buionpas Ul 8A103)8 SI0p\
(880"=d ‘160" 1-862°0 10 %56l
'/G'0 '40) 91YaH Jamol 0} ujLofsw 8810
Jo fyge suy ur ebueyd Juedyubls oN - 880" =d 882°0 £9/265¢/ SI syow € ¥'61 €9-¢¥ (6v/69) 801 [BUONJBS-SSOL) [ jIB 18 ZOIUEBI palyioads 10N
‘on8] (620" =d)
9LVOH pue (200" =d) Hdd Ut suononpal ev'=d £ve0
leyealf ym adfousb /9 Jo uopeloossy €6 =4 (0j40] v/£/622S!
(20">d) 18n8] 01 YQH Ul suononpal
JarealB Apueayiubis panqgiyxe adfoush
Y/ PUB ‘(L0">d) [8A8] Hd Ul suononpel 10'0>d 2920
leyealf yym adfiousb 9/9 Jo uoneOSSY Y =d 010 1808298/
(9¥0"=d) siers] Hd4 Ul suoponpel 88'=d 2€5°0
Jeyealf yym adfiousb 9/9 jo uonelOSSY Gy =d 0.0 0060181
(20" =d) siens| 91¥qH 8} Ul suononpai €5 =d 290 Hoyod aapdadsoid
Jeyealf yym adfiousb |/] Jo uopeloossy  pv =d 0G0 1GE/98181 suyjuow ¢ - 89-G¥ (rel/est) 222 Iejueo-ajbuis fozI® 18 nouz 8sauIy] UeH
'Ddd Pue Hd4 ‘OLYaH Uo
$109)J3 [el0ljaUaq pue UlWIofaW Jo Aoeolyje 9510 (6211 18
anadesay} Ym ajgje i/ Jo UO[eIo0ssy - 29¢°0 creez9 sl suyjuow ¢ 6¢ 09-1€ (€6/62) ¢2l H0yoJ [euonenissqQ  Uelemssyewewn UBIpU| yinos
805650r€S1
£9/2652/S1
(100" >d) @l8lie uonouny G6Y0ELYESI
-paonpal g 1o aoussald ay) pue uiiofsW GGO8 165G S puBNods
0} 80UBIBI0JU| U3MISQ Pajeloosse Juealublis - - 26€80cc18! siuow 9 22’95 2G'0LF08'/S  (GI61/162) 9lee H0yod [euoeniasaQ cz® ¥ g S1HvQ09
- - £9/266¢/5!
v€0"=d 1088
apIS [eunsaluIoSed paonpul UiLIofsW 10Y09 [BUONBAISSO
UOWUIOD UM LIORRI00SSE JUBDIUBIS - - /6€80cc18! sujuow 9 - 16’8+ 8IS (6Y/cY) 26 8A108ds01d vz B 10 2ng fyjoads 10N
(G7'=d 192 1-¥9°0 1 %S6] ‘G7'0=H0) L1€°0
asuodsal Ujwiofial Ut 193449 uBIIUBIS ON - 1€€°0 1808298/ syuow 9 /G°¢L L/-GE (€9/20) ovL [BUOI}08S-SS01) i6ulB 18 IouS uejuey|
(200"=d) MIIND Pue (100" =d) SI-¥INOH
Ul 8se8108p ‘(GL0 =) SNI4 Jo 8sealoul 9820
Jaybiy yum pajeloosse si 9 gfejle JOUN GGG =d 892°0 60,165 S suyjuow ¢ 1G c/-62 (¢8l/Y12/ES) 6V [0JU00 8SB)  [¢l8 18 OBIX 10 8sauIy9
awooyno papoday (e'1) IMmH dnou6 uoneindod wsiydiowAhjod juswieary ua, Sieak ‘(abues (1013u09/asen) ubisap Apnig ERITEIETEN uonejndod

Uum () 410 (jonuod/esed) :AyiN

10 uoneing

Juealy) aby a|dwes |ejo1

pe1oNPUOD SAIPN}S UOKBIDOSSE 21}aUdb Jo sonsuLloRIeyD



http://www.md-journal.com

Medicine

Mofo Mato et al. Medicine (2018) 97:27

(panunuog)

(02 =d)
asuodsal ujwlopaw Ul 10840 Wedlubis oN  1g =4 610 /91867651
or'=d)
asuodsal ujwlonaw Ul 1080 Juedlubls o €9' =4 910 Cr8/Gr6SI
(Lr'=d)
asuodsal ujwlonaw Ul 10eye JUedUbIS ON 68 =d oro0 108295/
asuodsas ulwlonaw Ul 1980 Juealubis oN 08 =d 200 89186/68/
(07" =d)
asuodsal ulwioaw Ul 19840 Juealubis oN 6 =d 900 22//5698/
6y =d)
asuodsal ulwlonaw Ul 1980 Juealubis o 96 =4 G0'0 ¥/ 1867651 - 65 £8-0/ 201 [BUOOBS-SS01) (o[ 10 Jo0sg UBISBINE)
(26'=d) 21¥qH Jamo] 0} ULLIopeW
{0 fyjice 8y} Uy uononpal Juedyubls ON  G0°<d 8610 £9/2652/ S!
(L' =d) 91¥qH Jemo| 0} uiLIofBW syjuow 9
{0 fyjige ayy ur uononpal Jueayubls o G0° <d /90 1/6€80cc1 sI Ises| vy 719G 89-9% LES 1 [BUONO8S-S80.1) [gz® 18 nouz puepods
ujwionaw
10 9ye1dn paonpal UM LONBId0SSY 1urdliubIg - 1100 ¥ <0682
asuodsal ujwiofaw Ul 19848 JuedUbIS ON - GL'0 1£0829 SI
ujuiofaw
Jo aeydn paanpal yym Uofeloosse Jueaubis - 8000 1<0919
uiwlonaw
Jo aeydn paanpal yym Uojeloosse Juealubis - €200 0vy8900C S!
ulioflaw Jo Ageaiye Jo Jojoipaid annehap €0 2/29v9pS! - g8y 1/-9% 99 [BUON13S-SS0.) [ ylB ¥ Uy asaueder
10409
OV JO 8Se8108p UM pajeloosse sjplle Y - Ob =d /€0 cvecc9 sl - 6¢ €8-0/ 86 8AR0BdS0ld  p¢le 18 Jexoeg Uejsedne)
asuodsal ujwionew Ul 19818 1uealubis o - 80 z2rezz9 sl
OV LOH
Ul 8SB8193p [BIHU] UNIM UORI20SSE JUBDIUBIS - L0 &/v19p S
asuodsal uiwlopsw Ul 10848 1uealubis oy - G/10 £9/2662/S/
OYLaH Ul
0520108 9IN|OSCR YNIM UOIIRI00SS. JuBdliubIS - 700 G610SLYES!
asuodsas ujwionew Ul 19810 1uealubis o - 00 98/401¥E SI
[BL} P8)J|0u0d Lzl® ¥
asuodsal Ujlofaw Ut 108}ya Juedyiubls oN - 2800 1/6€80cc| sI syuow 6 229 ¢9-¢S (WA paziwopuey uasuslslyg usiueg
(200'=d 'lveL0
—922°0 19 %G6] 'G0¥'0=4H0) ulopsw
J0 S1081J3 8PIS U)IM UONRIO0SSE JURIYIUBIS 989" =d 6€0 G909G09€ s/
papinoid 10N =d 810 £9/2652/ si
papiroid 10N l=d 700 8056501€ S!
(210'=d ‘[G18'0-981'0 1D %G6]
'68€'0="40) UIWIOJIBL JO S}08)j0 8pIS
[eunseiulonsed LM uoleloosse JUeolubls 68/ =d 60 1608295/ syow ¢< L'0e 69-09 (€61/€9) 9rC [04U0D 8SBY  ,1[€ 18 BAOSEIR| uelne’]
(G6'=d)
OLYOH yim diysuonefal jueaiubis oN - G6'=d 600 crecc9s! sujuow 9 6v 60FG/G 8yl [BUONO3S-SS01) fogil® 18 AL Uejsedney
awoono papoday (e'1) IMH dnoi6 uonejndod wsiydiowAjod jwawieas; udNY Ssieak ‘(abues (jouoy/asen) ubisap Apng ERITEIETEN uonejndod
yum .(d) 1o (jonuoa/ases) 4y Jo uoneing Juealy) aby g|dwes |ejoy
*(Penunuoo)




www.md-journal.com

Mofo Mato et al. Medicine (2018) 97:27

aNfeA d ()

"Xapul

nb3 Biaquiapn ApreH = (e'1) IMH ‘8s0on|b ewse|d Bunse) =144 ‘uynsu bunses=SNH
uopeindod Apnis ayy Uy wsiydiowAjod Jo 1088 onaush :8woano papodey

9842 AIANISUSS UlNsul sAieyuenb = [y9IND ‘9s0an|6 ewse|d [eupueldisod =1dd ‘fousnbauy aja|e Jouiw = 4yl ‘AIAISUSS UIINSUI JO JUBLUSSASSE [9pOW J1RIS08WoY =S| YIAOH ‘8|qedljdde ji wini

¥G0
papiroid 10N - 190 16G¢2c98!
¢00
papinoid 10N - 000 1 <99c+
8G'0
foeaiye ulwlonsw Joj Joiaipaid aaneban - /90 cL29v9ysi
000
papinoid JoN - 900 1<0¢€v¢
440
papinoid 10N - 950 1GE/98 51
180
Aaeaye uiwiopaw 1o} Jojoipaid aAmISod - 2.0 1£08298!
610
papinoid 10N - LE0 Evlc8ces!
€Lo
papiroid 10N - /10 69£€8951
000
papinoid 10N - 900 y0ry8900¢ SI
¢00
papinoid 10N - 000 £/8/6¢cs  ywow | < €/c €.-6¢ (ve/6) €€ [BUONDBS-SS0I)  (o[B 18 BIRNIUS asaueder
61'=d)
asuodsal ujwIofaW Ul 1988 uedubIS ON 18 =d 810 1662295/
(12'=d)
asuodsal ulwIofaW Ul 1088 uedUBIS ON GG =4 /10 9rEr9G1SI
G1'=d)
asuodsal ulwIofaW Ul 10848 uedIUBIS ON 66 =d 170 ¥/6/622S!
81'=d)
asuodsal ulwIofaWw Ul 1988 uedubiS ON 09 =d S0 PreEHY LS
(G0 >d) ulwlopaw
10 1000 Buliamo|-8s00N|D LM UOIBI0SSY 2/ =d /€0 2rezz9s!
(19'=d)
asuodsal UlwIofaw Ul 1988 uedUbIS ON L1 =d 920 962/6125!
awo9no papoday (e'1) IMH dnoib uonendod wsiydiowAjod juawieasy UudNY% Sieak ‘(abues (1o3u09/asen) ubisap Apmg ERITEIETE N uonejndod
YUM 4(4) Jo (jonuoo/ases) 4¥IN J0 uoneing Jueayy) aby ajdwes |ejo)

*(ponunuoo)



http://www.md-journal.com

Mofo Mato et al. Medicine (2018) 97:27

(Kenya), and the Yorubas (Nigeria), their effects on metformin
responses remain unknown.>®3°! In light of this, there is a robust
need to complete association studies between OCT1 polymor-
phisms and therapeutic responses to metformin, by evaluating a
comprehensive and representative dataset.

The common polymorphism 7s628031 (A>G) causes a
missense mutation in exon 7 that consists of an amino acid
substitution of methionine to valine at position 408 (Met408Val)
in the OCT1 protein.'® Its frequency varies across ethnic
population. Mer408Val tends to lower OCT1 mRNA expression
in enterocytes leading to decreased intestinal metformin uptake
and hence its accumulation.*”) Here the local increase of
metformin concentrations within intestinal tissues is proposed as
a putative mechanism for gastrointestinal side effects.!*!! This
deleterious effect of Met408Val has been reported in Latvian
population.*>! However, Met408 Val has been also characterized
as a variant that lacks strong effects (did not cause >50%
decrease in OCT1 activity).*>*¥ In agreement with this, no
significant effects of Met408 Val against metformin response have
been found in Iranian,"*' Indian,?!!" Caucasian,!*®! and Japa-
nesel'”*3! populations. Surprisingly, G/G and A/A genotypes of
Mer408Val exhibited significant reduction of FPG and HbAlc in
Han Chinese,”® and have been revealed to be a positive predictor
for metformin efficacy in Japanese population./*?!

Numerous studies reported the deleterious effect of
7s122083571 polymorphism.?*2¢! The 181C>T polymorphism
at rs122083571 consisting of an amino acid substitution
(arginine to cysteine at position 61 (Arg61Cys), is known to
induce a robust substrate-wide loss of OCT1 activity, leading to
decrease in OCT1-mediated uptake by more than 70% for all
substrates tested (including metformin). Indeed, the 7s122083571
polymorphism is responsible for the retention of OCT1 proteins
in the endoplasmic reticulum thus leading decreased sarcolemma
protein expression.!”!

The 7572552763 polymorphism constitutes a 3 bp deletion at
position 420 (Met420del) and is the most common functional
OCT1 variant. Met420del does not change OCT1 membrane
localization and the exact mechanism how it affects OCT1
function remains unknown.** Although it is associated with
gastrointestinal side effects in Asian and Caucasian populations,
no significant effects were reported for European popula-
tions.!*>**”! Functional modifications by Met420del appear
substrate dependent and in combination with other OCT1
variants. For example, Met420del does not affect the uptake of
MPP* (1-methyl-4-phenyl pyridinium). By contrast, it causes a
robust decrease in metformin uptake (>60%) together with more
than 80% reduction in tropisetron uptake.*”! If the Met420del
manifests in combination with Cys88Arg or Gly465Arg, the
encoded OCT1 will be inactive regardless of the substrate
used.[*>-46]

The 5622342 (1386 A>C) variant (in intron between exons 8
and 9) does not elicit strong effects on OCT1 function.!'8! The A
allele of 7s622342 variant has rather been associated beneficial
effects on HbAlc in Caucasian population.®!! The study
performed by Umamaheswaran et al®”! strengthened this
positive effect of A allele on HbA1lc in Indian population.

The 32870 G>A polymorphism at 7s34059508 consisting of
the amino acid substitution glycine to arginine at codon 465
(Gly465Arg), leads to the impairment of OCT1 localization and
complete inactivation of OCT1. The exact mechanisms leading to
this impairment remain unclear.”**! Dujic et al**! observed
metformin intolerance in carriers of both 7s34059508 and
another OCT1 reduced function.

Medicine

The amino acid substitution of glycine to serine at codon 401
(Gly401Ser), resulting from the 17857 G>A polymorphism at
7s34130495, causes a strong substrate-independent loss of OCT1
activity. The Gly401Ser variant apparently causes a general
impairment of the transport process without affecting OCT1
membrane localization.®”! Surprisingly, in a study conducted in a
Danish population, Gly401Ser was associated with a significant,
absolute decrease in HbA1c levels.!*”!

Cys88Arg (rs55918055) in exon 1 is a rare loss of function
polymorphism that causes improper membrane localization of
OCTT1 in the cytoplasmic membrane. It has been associated with
intolerance to metformin in a Scottish population.”*!Cys88Arg is
located in the large extracellular loop that contains the
transporter regulatory and substrate recognition domains. It is
generally observed in combination with the Mer420del variant.
Substitution of Cysteine 88 by arginine destroys a cysteine residue
known to build disulfide bonds. Indeed, several cysteine residues
within the large extracellular loop between transmembrane
helices 1 and 2 are involved in building intramolecular disulfide
bonds essential for the oligomerization and targeting of OCT1 to
the plasma membrane.*>=*"!

The 1022C>T polymorphism at 7s2282143 consisting of the
amino acid substitution proline to leucine at codon 341.
Pro341Leu, can either elicit no effects or instead decrease OCT1
activity (<50%).” The replacement of a rigid proline with leucine
(which contains a relatively flexible side chain) could possibly
change the local structure of OCT1.1** This is in agreement with
findings of the Indian population in which 7s2282143 has been
reported to probably damage OCT1 function.*!!

The true effect of the intronic variant 7s4646272 (-43T>G) and
752297374 (+43C>T) remains unknown. rs4646272 (-43T>G)
was considered as negative predictor of metformin efficacy in a
Japanese population!'”! while 754646272 (-43T>G) exhibited a
greater reduction of FPG and HbA1c in Han Chinese population. "’

Other rare variants known to cause OCT1 loss of function,
that is, Prol17Leu (rs200684404), GIn97Lys (289C>A),
Arg206Cys (616C>T), and Ser189Leu (rs34104736), were also
reported and associated with significantly lowered metformin
uptake.'”2123271 Eor GIn97Lys, the replacement of the polar
glutamate with a stronger positively charged lysine at 97 could
increase the repulsion of cationic substrates. By contrast, the
reduced activity of the Arg206Cys can be explained by decreased
export of the OCT1 from the endoplasmic reticulum to the
plasma membrane.!>*!

This systematic review demonstrated that the potential role of
OCT1 polymorphisms in metformin therapeutic responses is
population specific and some of them exhibited positive effects on
metformin efficacy. The controversial findings related to these
polymorphisms may be attributable to differences in the
frequency of associated genetic variants and/or population
differences that could be genetic or environnemental.*3! Indeed,
environmental factors like chemicals and radiation exposure,
lifestyle factors like diet, drinking, smoking, exercises, and
physiological factors like age, sex can also work alone or in
combination to influence drug responses.****! Advancing age for
example is characterized by physiological changes affecting
different organ systems and their implications for pharmacoki-
netics and pharmacodynamics of drugs. Although very few data
exist in literature about the effect of biguanides particularly
metformin in aging patients, no evidence indicated that
metformin should be denied “a priori” to aging T2DM
patients.® >l However, age-dependent downregulation of
OCT1 has been shown in mice brain microvessels of mice.*?!
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Moreover, the way a person responds to a drug (this includes
both positive and negative reactions) is a complex trait that is
influenced by many different genes. Knowing all of the genes
involved in drug response and understanding an individual’s
genetic make-up, can help to develop genetic tests that could
predict a person’s response to a particular drug and create
personalized drugs with greater efficacy and safety.!>*%%!

All studies included in this systematic review were rigorously
assessed for their reporting quality—a key criterion for inclusion
for analyses here completed. Different study designs have been
used in included studies but, most of them had a cross-sectional
design. As such, a causal relationship between genetic variants of
OCT1 and responses to metformin cannot be inferred from these
studies. For instance, confounding variables such as duration of
treatment, metformin dosing might affect metformin responses
leading to inconsistent results among studies. In terms of
limitations, our investigation was conducted on a relatively small
number of primary studies and more research work should help to
obtain a wider range of relevant data to generate more conclusive
findings. In addition, all studies surveyed did not always report key
methodological information, for example, testing of the Hardy
Weinberg Equilibrium and the sample size/power calculation.
Some studies also reported a relatively small sample size meaning
that the study population may not cover the entire spectrum of
OCT1 variants. Thus larger sample sizes will enable a firmer
correlation between OCT1 genetic variants and metformin
responses. For example, we found that 2 studies included more
than 1500 participants, 4 studies more than 200 participants, while
the restincluded less than 200 participants. Discordance of the type
of study population and methods used for assessing the genetic
effects of OCT1 variants may all have contributed to less powerful
conclusions being derived by the current study. Finally, we were
not able to pool data collected for a meta-analysis due to the
methodological heterogeneity observed.

Great efforts are made to understand the effects of OCT1
genetic polymorphisms on interindividual variability in relation
to metformin’s clinical efficacy. However, some questions remain
unanswered, e.g. the relationship between OCT1 variants and
lactic acidosis. This is a crucial issue as lactic acidosis is a rare but
potentially fatal metabolic consequence of metformin therapy.*®
For example, metformin-induced lactic acidosis is associated with
an elevation in plasma metformin concentrations in patients with
severe renal impairments and is considered as a contraindication
of this drug. However, such adverse effects also occur in patients
without well-known risk factors.’”! Thus a hypothesis emerges
that OCT1 polymorphisms that decrease metformin uptake and
cause its accumulation in circulation may induce lactic acidosis.
However, further studies are required to investigate this
intriguing notion.

In summary, this systematic review focused on the genetic effects
of OCT1 polymorphisms on metformin treatment in T2DM
patients. Our study shows evidence for a contribution of some
OCT1 polymorphisms to variability in response to metformin with
T2DM. Thus such associations remain unresolved and we suggest
that further association studies be completed on defined
populations with relatively large sample sizes as this should reveal
significant insights into this vital clinical issue.
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