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Serum MIG6 concentration
is increased by
cholesterol-lowering
treatment in patients with
type 2 diabetes mellitus
and hypercholesterolemia
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Abstract

Objective: The protein encoded by mitogen-inducible gene 6 (MIG6) plays an essential role in

the regulation of cholesterol homeostasis and bile acid synthesis in mice. However, the physio-

logical functions of MIG6 remain poorly understood in humans. Therefore, we aimed to evaluate

the relationship between the serum MIG6 concentration and low-density lipoprotein (LDL)-

cholesterol in patients undergoing cholesterol-lowering treatment.

Methods: We performed a non-randomized, prospective controlled trial. In total, 63 patients

with type 2 diabetes and hypercholesterolemia were treated using either rosuvastatin mono-

therapy or rosuvastatin/ezetimibe combination therapy for 12 weeks. We then compared their

serum lipid and MIG6 concentrations before and after treatment.

Results: The serum LDL-cholesterol concentration of the participants significantly decreased

and the concentration of MIG6 significantly increased during treatment. In addition, higher

pre-treatment serum concentrations of MIG6 were associated with larger reductions in LDL-

cholesterol, regardless of the therapeutic agent used.
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Conclusions: Serum MIG6 concentration significantly increases alongside the reduction in LDL-

cholesterol achieved using cholesterol-lowering therapies in patients with diabetes and hyper-

cholesterolemia. This is the first study to provide evidence that MIG6 may be involved in human

cholesterol metabolism.

CRIS registration number: KCT0003477. https://cris.nih.go.kr.
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Introduction

The 50-kDa cytoplasmic protein encoded

by mitogen-inducible gene 6 (MIG6;

ERBB receptor feedback inhibitor 1,

receptor-associated late transducer, or

gene 33) is a negative regulator of epidermal

growth factor receptor (EGFR). The gene is

located on chromosome 1p36.231–4 and

protein expression is induced by various

mitogens and hormones.5–8 MIG6 contains

several essential protein-protein interaction
domains, a Cdc42- and Rac-interactive

binding domain, an Src homology 3-

binding domain, a 14-3-3-binding domain,

and an EGFR-binding domain.9,10 MIG6 is

expressed in the liver, uterus, lung, kidney,

heart, and other tissues.11,12 Previously, we

generated a Mig6 conditional hepatic

knockout mouse model using the

Albumin-Cre system (AlbCre/þ Mig6f/f;

Mig6d/d)13 that exhibited hepatomegaly
and fatty liver, caused by a dysregulation

of cholesterol homeostasis and bile acid

synthesis.
Although the physiologic significance of

MIG6 in human serum remains poorly

understood, we hypothesized that it is

involved in cholesterol metabolism in

humans, as in mice. Therefore, we first
aimed to evaluate the effects of statin-based

anti-hypercholesterolemia therapy on the
serum MIG6 concentrations of patients
with type 2 diabetes mellitus (DM),
and second, we aimed to characterize
the relationships of serum MIG6
concentration with the reduction in LDL-
cholesterol and the type of hypercholester-
olemia therapy used in the patients.

Patients and Methods

Participants

We performed a non-randomized, prospec-
tive controlled trial of patients recruited
at the Outpatient clinic of the Division
of Endocrinology and Metabolism of
Chungnam National University Hospital
(Daejeon, South Korea) between May
2019 and December 2020. The inclusion cri-
teria were as follows: age >18 years,
presence of type 2 diabetes, serum LDL-
cholesterol concentration �2.59mmol/L,
absence of alcohol or drug abuse, absence
of any clinical sign of infection or inflam-
mation, and absence of pregnancy. The
participants were treated with either rosu-
vastatin monotherapy (5mg/day, n¼ 32) or
rosuvastatin/ezetimibe combination thera-
py (5mg/10mg daily, n¼ 31) for 12 weeks
to lower their serum LDL-cholesterol
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concentrations below 2.59mmol/L, accord-

ing to the guidelines in use in Korea.14 The

participants were allocated to one of the

two treatment regimens alternately in the

order in which they agreed to participate

in the study. We then measured their

serum lipid and MIG6 concentrations

before and after 12 weeks of treatment.
The experimental protocol conformed to

the World Medical Association Declaration

of Helsinki and the Institutional Review

Board of Chungnam National University

Hospital (Daejeon, South Korea) approved

the study protocol on 8 November

2018 (number CNUH 2018-10-030-001).

Written informed consent was obtained

from all the participants. The study is reg-

istered in CRIS (Clinical Research

Information Service, https://cris.nih.go.kr)

with the registration number KCT0003477.

The reporting of the study conforms to the

CONSORT statement.15

Measurements of biochemical

parameters

Blood samples were collected into EDTA

tubes in the morning after an overnight

fast of >8 hours, then the serum

concentrations of high-density lipoprotein-

cholesterol, LDL-cholesterol, total choles-

terol, and triglycerides for each of the par-

ticipants were measured using a blood

chemistry analyzer (Hitachi 747; Hitachi,

Tokyo, Japan). Their serum insulin concen-

trations were quantified using an

immunoradiometric assay kit (DIAsource

INS-IRMA Kit; DIAsource, Louvain-

la-Neuve, Belgium) and their glycosylated

hemoglobin (HbA1c) was measured using

high-performance liquid chromatography

(Bio-Rad Laboratories, Hercules, CA,

USA). Homeostasis model assessment of

insulin resistance (HOMA-IR) was calcu-

lated as fasting serum insulin (lU/mL)�
fasting plasma glucose (mmol/L)/22.5.

DM was defined using the American

Diabetes Association criteria.16

Measurement of serum MIG6

concentration

Serum MIG6 concentration was measured

using a commercially available quantitative

sandwich ELISA kit (No. EH14434;

Wuhan Fine Biotech Co., Wuhan, China).

Statistical analyses

Continuous variables are expressed as

means� standard deviations, and between-

group differences were assessed using

Student’s t-test or the Mann–Whitney

U test. Categorical variables are expressed

as counts and percentages, and between-

group differences were assessed using the

chi-square test. Statistical analyses were

conducted using SPSS Statistics, version

25.0 (IBM Corp., Armonk, NY, USA).

Statistical significance was accepted in

two-tailed testing when P< 0.05.

Results

Baseline characteristics of the

study participants

Seventy patients were initially recruited, but

seven were excluded because of screening

failure (n¼ 3), non-compliance (n¼ 3),

or refusal to participate (n¼ 1 patient).

Therefore, 63 patients were included in the

study. The baseline clinical characteristics

of the rosuvastatin monotherapy group

(R group) and the rosuvastatin/ezetimibe

combination group (RE group) were com-

pared (Table 1). The mean age of the par-

ticipants in the R group was 58.31� 12.86

years (range, 31–83 years) and that of the

participants in the RE group was 56.77�
10.87 years (range, 35–78 years). There were

13 men (40.6%) in the R group and 18 men

(58.0%) in the RE group. The mean
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durations of diabetes were 5.17� 1.5 years

in the R group and 3.08� 0.9 years in the

RE group (P¼ 0.233). There were no differ-

ences between the two groups in several of

the biochemical parameters, including

HbA1c and the fasting glucose and

insulin concentrations, and therefore in

HOMA-IR.

Changes in the LDL-cholesterol and MIG6

concentrations during treatment with

rosuvastatin or rosuvastatin/ezetimibe

All the participants completed the planned

12-week period of medication, then their

LDL-cholesterol concentrations were mea-

sured. This confirmed a statistically signifi-

cant decrease (from 3.517� 0.649mmol/L

to 2.059� 0.732mmol/L, P< 0.001). In

addition, the serum MIG6 concentration

was measured, and found to show a signif-

icant increase during treatment (from

4.26� 2.23 ng/mL to 11.96� 6.04 ng/mL,

P< 0.001). Thus, as the LDL-cholesterol

concentration decreased during treatment,

the MIG6 concentration significantly

increased (Figure 1). The changes in the

LDL-cholesterol and MIG6 concentrations

were analyzed according to the treatment

regimen, which showed that the LDL-

cholesterol concentration was more sub-

stantially reduced in the RE group than in

the R group (from 3.594� 0.666mmol/L

to 2.389� 0.807mmol/L, P< 0.001 in the

R group; from 3.505� 0.480mmol/L to

1.830� 0.517mmol/L, P< 0.001 in the RE

group; P¼ 0.003 for the comparison of the

R and RE groups). The MIG6 concentra-

tion significantly increased during the

12 weeks of treatment in both groups

(from 3.77� 1.40 ng/mL to 12.09�
6.21 ng/mL, P< 0.001 in the R group;

from 4.77� 2.78 ng/mL to 11.82� 5.96 ng/

mL, P< 0.001 in the RE group), but did

not significantly differ between the two

groups after treatment (Figure 2).

Table 1. Baseline characteristics of the participants.

R group RE group

P-value(n¼ 32) (n¼ 31)

Age (years) 58.31� 12.86 56.77� 10.87 0.315

Male (%) 13 (40.6%) 18 (58.0%)

Duration of DM (years) 5.17� 1.5 3.08� 0.9 0.233

HbA1c (%) 7.08� 1.30 6.68� 0.76 0.303

Fasting glucose (mmol/L) 8.895� 2.738 7.863� 4.320 0.203

Fasting insulin (pmol/L) 111.0� 54.2 128.3� 90.0 0.847

HOMA-IR 6.24� 3.48 6.71� 5.61 0.281

Triglyceride (mmol/L) 2.161� 0.750 2.253� 0.819 0.869

Total cholesterol (mmol/L) 5.511� 0.656 5.537� 0.606 0.762

LDL-cholesterol (mmol/L) 3.594� 0.798 3.505� 0.480 0.778

HDL-cholesterol (mmol/L) 1.209� 0.155 1.221� 0.254 0.458

AST (IU/L) 20.23� 3.13 22.42� 9.77 0.425

ALT (IU/L) 22.52� 5.88 27.29� 19.99 0.559

Creatinine (mmol/L) 63.7� 10.6 65.4� 13.3 0.332

Data are mean� standard deviation or number (%) and were analyzed using Student’s t-test or the Mann–Whitney U-test.

R group, rosuvastatin monotherapy group; RE group, rosuvastatin/ezetimibe combination therapy group; DM, diabetes

mellitus; HbA1c, glycosylated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance; LDL, low-

density lipoprotein; HDL, high-density lipoprotein; AST, aspartate aminotransferase activity; ALT, alanine aminotransferase

activity.
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Figure 1. Changes in LDL-cholesterol and MIG6 concentrations during the statin-based treatment of
hypercholesterolemia. (a) LDL-cholesterol concentration before and after 12 weeks of treatment. (b) MIG6
concentration before and after 12 weeks of treatment. Data are mean� SEM and were analyzed using
Student’s t-test. *Before vs. After, P< 0.05. LDL, low-density lipoprotein; MIG6, protein encoded by
mitogen-inducible gene 6.

Figure 2. Changes in LDL-cholesterol and MIG6 concentrations during treatment with rosuvastatin or
rosuvastatin/ezetimibe. (a) LDL-cholesterol concentration before and after 12 weeks of treatment in the
two groups. (b) MIG6 concentrations before and after 12 weeks of treatment in the two groups. R group,
rosuvastatin monotherapy group; RE group, rosuvastatin/ezetimibe combination group; LDL, low-density
lipoprotein; MIG6, protein encoded by mitogen-inducible gene 6. Data are mean� SEM and were analyzed
using Student’s t-test or the Mann–Whitney U test. * Before vs. After, P< 0.05; **R group vs. RE group,
P< 0.05.
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Change in MIG6, analyzed according to
the reduction in LDL-cholesterol

Next, the participants were allocated to
two groups according to the reduction in
LDL-cholesterol concentration achieved
(LDL-C reduction �50% group, n¼ 21 vs.
LDL-C reduction <50% group, n¼ 42).
In both groups, the MIG6 concentration sig-
nificantly increased during treatment (from
5.03� 3.15 ng/mL to 11.10� 5.68 ng/mL,
P< 0.001 in the LDL-C reduction �50%
group; from 3.87� 1.49 ng/mL to 12.38�
6.24 ng/mL, P< 0.001 in the LDL-C reduc-
tion <50% group). Because there was no
difference in the MIG6 concentration after
treatment (P¼ 0.481), MIG6 could not be
used to distinguish individuals with a supe-
rior response to cholesterol-lowering treat-
ment (Figure 3).

Participants in the R group were next
allocated to two groups according to their
reduction in LDL-cholesterol (LDL-C
reduction �50% R group, n¼ 6 vs.
LDL-C reduction <50% R group, n¼ 26).
In both groups, the MIG6 concentration
significantly increased during treatment
(from 3.97� 1.49ng/mL to 9.45� 2.47ng/mL,
P¼ 0.009 in the LDL-C reduction �50% R
group; from 3.72� 1.40 ng/mL to 12.69�
6.67 ng/mL, P< 0.001 in the LDL-C reduc-
tion <50% R group), and the MIG6 con-
centration after treatment did not
significantly differ (P¼ 0.331). The partici-
pants in the RE group were also allocated
to two groups according to the reduction in
LDL-cholesterol (LDL-C reduction �50%
RE group, n¼ 15 vs. LDL-C reduction
<50% RE group, n¼ 16), and the MIG6
concentrations significantly increased during
treatment in both (from 5.45� 3.56ng/mL to
11.76� 6.51ng/mL, P¼ 0.003 in the LDL-C
reduction �50% RE group; from 4.12�
1.64ng/mL to 11.88� 5.62ng/mL, P< 0.001
in the LDL-C reduction <50% RE group),
but did not significantly differ between the
groups following treatment (P¼ 0.861).

Reduction in LDL-cholesterol,
analyzed according to the basal
MIG6 concentration

The participants were next allocated to two
groups according to their basal serum
MIG6 concentration, irrespective of treat-
ment: an upper half group (high basal
MIG6 concentration, n¼ 31) and a lower
half group (low basal MIG6 group,
n¼ 32). Table 2 lists the baseline character-
istics of the participants in each group. The
LDL-cholesterol concentrations of both
groups significantly decreased during
treatment (from 3.568� 0.744mmol/L to
1.856� 0.701mmol/L, P< 0.001 in the
high basal MIG6 group; from 3.533�
0.487mmol/L to 2.344� 0.494mmol/L,
P< 0.001 in the low basal MIG6 group).
Notably, the LDL-cholesterol concentra-
tion was substantially lower after treatment
in the high basal MIG6 group than in the
low basal MIG6 group, confirming a
superior treatment response (P¼ 0.012;
Figure 4).

Next, participants in the R group were
allocated to a high basal MIG6 R group
(n¼ 16) or a low basal MIG6 R group
(n¼ 16) in a similar fashion. The LDL-
cholesterol concentration of each group
was significantly reduced by treatment
(from 3.645� 0.986mmol/L to 2.080�
0.878mmol/L, P< 0.001 in the high basal
MIG6 R group; from 3.543� 0.611mmol/
L to 2.657� 0.451mmol/L, P¼ 0.003 in the
low basal MIG6 R group), but the concen-
trations after treatment did not significantly
differ between the groups (P¼ 0.088).
Finally, the participants in the RE group
were allocated to a high basal MIG6 RE
group (n¼ 16) or a low basal MIG6
RE group (n¼ 15) in a similar fashion.
The LDL-cholesterol concentrations of
both groups were significantly reduced by
treatment (from 3.408� 0.476mmol/L
to 1.736� 0.514mmol/L, P< 0.001 in
the high basal MIG6 RE group; from
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3.609� 0.551mmol/L to 1.931� 0.474mmol/

L, P< 0.001 in the low basal MIG6 low RE

group), but as for the R group, the

concentrations after treatment did not sig-

nificantly differ between the groups

(P¼ 0.384).

Discussion

In the present study, we have evaluated the

relationship between the serum MIG6 and

LDL-cholesterol concentrations during

cholesterol-lowering treatment in patients

Figure 3. MIG6 concentration before and after treatment in participants categorized according to the size
of the reduction in LDL-cholesterol. (a) Entire cohort, (b) R group, and (c) RE group. R group, rosuvastatin
monotherapy group; RE group, rosuvastatin/ezetimibe combination group; LDL-C # �50%, LDL-C reduction
�50% group; LDL-C # <50%, LDL-C reduction <50% group. LDL, low-density lipoprotein cholesterol;
MIG6, protein encoded by mitogen-inducible gene 6. Data are mean� SEM and were analyzed using
Student’s t-test or the Mann–Whitney U test. * Before vs. After, P< 0.05.
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with DM. Rosuvastatin monotherapy or
rosuvastatin/ezetimibe combination thera-
py for 12 weeks was associated with signif-
icant increases in MIG6 concentration,
alongside reductions in LDL-cholesterol.
In addition, a high pre-treatment serum
MIG6 concentration was associated with a
larger reduction in LDL-cholesterol con-
centration, irrespective of the therapeutic
regimen used.

MIG6 is a non-kinase scaffolding adap-
tor protein that is found in the cytosol and
acts as a negative feedback inhibitor of
EGFR signaling through a direct interac-
tion with this receptor.9,12 It has roles in
the stress response, tissue homeostasis,
and cancer development, which implies
that it may be critical for the regulation of
many cellular responses. However, its bio-
logic and pathophysiologic roles in human
diseases require further investigation.
Previously, we showed that the hepatic dele-
tion of Mig6 in mice induces fatty liver and
disrupts cholesterol homeostasis by

upregulating the EGFR signaling pathway
during the consumption of a high-fat diet.16

Therefore, MIG6 may play a role in medi-
ating the hepatic metabolic defects, such as
insulin resistance and cholesterol dysregula-
tion, that are associated with type 2 DM.

We hypothesized that LDL-
cholesterol-lowering therapy in patients
with type 2 DM and hypercholesterolemia
would alter their circulating MIG6 concen-
trations if this molecule is involved in insulin
resistance and hypercholesterolemia.
Therefore, we also aimed to determine
whether the size of the reduction in LDL-
cholesterol or the treatment regimen used
would affect the change in MIG6 concentra-
tion. First, we compared the changes in
LDL-cholesterol concentration during 12
weeks of treatment in the R and RE
groups, and found reductions in both
groups, consistent with the results of previ-
ous studies.18 The reduction was larger in the
RE group, because this group administered
ezetimibe in addition to the same dose of

Table 2. Baseline characteristics of the participants in the High and Low Basal MIG6 Groups.

High Basal MIG6 group Low Basal MIG6 group

P-value(n¼ 31) (n¼ 32)

Age (years) 55.39� 13.24 59.66� 10.10 0.213

Male (%) 18 (58.1%) 13 (40.6%)

Duration of DM (years) 3.66� 7.54 4.61� 4.24 0.724

HbA1c (%) 6.90� 0.99 6.86� 1.17 0.804

Fasting glucose (mmol/L) 8.901� 3.950 7.889� 2.881 0.303

Fasting insulin (pmol/L) 138.3� 94.4 101.4� 40.0 0.320

HOMA-IR 5.26� 5.68 4.29� 2.85 0.095

Triglyceride (mmol/L) 2.376� 0.740 2.042� 0.816 0.380

Total cholesterol (mmol/L) 5.490� 0.615 5.555� 0.673 0.588

LDL-cholesterol (mmol/L) 3.568� 0.744 3.533� 0.487 0.751

HDL-cholesterol (mmol/L) 1.164� 0.202 1.264� 0.213 0.187

AST (IU/L) 22.53� 9.59 20.19� 4.59 0.563

ALT (IU/L) 25.20� 18.55 24.63� 5.85 0.531

Creatinine (mmol/L) 66.3� 11.5 62.8� 15.0 0.272

Data are mean� SD and were analyzed using Student’s t-test or the Mann–Whitney U-test. DM, diabetes mellitus; HbA1c,

glycosylated hemoglobin; HOMA-IR, homeostatic model assessment of insulin resistance; LDL, low-density lipoprotein;

HDL, high-density lipoprotein; AST, aspartate aminotransferase activity; ALT, alanine aminotransferase activity; MIG6,

protein encoded by mitogen-inducible gene 6.
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rosuvastatin administered to the R group. In
a study conducted by Lee and others, 47.1%
of patients who achieved a reduction in LDL-
cholesterol �50% during 8 weeks of admin-
istration of rosuvastatin 5mg/day and
76.5% achieved similar reductions when
administering rosuvastatin 5mgþ ezetimibe

10mg/day.19 The disparity in these and the
present findings may relate to differences in
the duration of treatment and characteristics
of the groups before treatment; for example,
the higher HOMA-IR in the previous study.

We also assessed the change in MIG6
concentration during cholesterol-lowering

Figure 4. Effects of cholesterol-lowering treatment in participants categorized according to their pre-
treatment MIG6 concentrations. (a) Entire cohort, (b) R group, (c) RE group. R group, rosuvastatin
monotherapy group; RE group, rosuvastatin/ezetimibe combination group; basal MIG6 Hi, high basal MIG6
group; basal MIG6 Lo, low basal MIG6 group. LDL, low-density lipoprotein; MIG6, protein encoded
by mitogen-inducible gene 6. Data are mean� SEM and were analyzed using Student’s t-test or the
Mann–Whitney U test. *Before vs. After, P< 0.05; **basal MIG6 Hi vs. basal MIG6 Lo, P< 0.05.

Lee et al. 9



treatment in the entire cohort, and found
that this significantly increased. However,
although the LDL-cholesterol-lowering
effect of RE was superior, the post-
treatment MIG6 concentrations did not
differ between the groups. In addition to
inhibiting the absorption of cholesterol,
and thereby lowering the circulating LDL-
C concentration, ezetimibe has an addition-
al positive effect on metabolic disorders.
Many previous studies have shown that eze-
timibe therapy significantly reduces the
concentration of high-sensitivity C-reactive
protein, a marker of atherosclerotic dis-
eases, and adiponectin, an marker of obesi-
ty that regulates lipid and glucose
metabolism.20,21 Therefore, the authors
hypothesized that the pleiotropic effects of
ezetimibe would include an influence on
MIG6 concentration, but they did not iden-
tify such an effect. Although the drug treat-
ments caused similar reductions in
LDL-cholesterol, we conducted additional
analyses to determine whether the serum
MIG6 concentration would reflect the size
of the reduction. A good treatment
response was defined as a reduction in
LDL-cholesterol of >50% and an inade-
quate response as a reduction of <50%.
However, we found that the MIG6 concen-
tration after treatment did not differ
between the groups, even after stratification
of the response in the R and RE groups
according to the size of the reduction in
LDL-C. Thus, in patients who achieve a
substantial reduction in LDL-cholesterol,
there is no further increase in serum
MIG6 concentration.

In metabolic diseases such as diabetes
and hypercholesterolemia, the EGFR path-
ways are excessively activated; therefore,
the inhibition of these pathways may repre-
sent a potential treatment.13,22 In a previous
study, we found that the serum cholesterol
concentration decreased during treatment
with an EGFR tyrosine kinase inhibitor in
patients with lung cancer who had

activating EGFR mutations.23 Therefore,
an increase in MIG6, an antagonist of
EGFR, would be expected to be associated
with the amelioration of metabolic abnor-
malities. In the present study, we have con-
firmed that the serum MIG6 concentration
significantly increases during the treatment
of hypercholesterolemia using a combina-
tion of a statin and ezetimibe. In addition,
we have previously shown that excessive
activation of EGFR signaling, induced by
hepatic MIG6 knockout, causes an increase
in serum LDL-cholesterol in mice, eventu-
ally creating a condition similar to the
hypercholesterolemia of people with diabe-
tes.16 A high circulating concentration of
MIG6 would be expected to suppress
EGFR pathway activation; therefore, we
hypothesized that if the pre-treatment
MIG6 concentration were high, the effect
of cholesterol-lowering treatment would be
more substantial. To test this hypothesis,
the participants were allocated to two
groups on the basis of their median pre-
treatment MIG6 concentrations. In the
high MIG6 group, the pre-treatment
MIG6 concentration was high, the LDL-
cholesterol concentration was significantly
lower after treatment, and there was a supe-
rior therapeutic effect. The same finding
was made individually in the R and RE
groups, but the concentration of LDL-
cholesterol after treatment did not differ
according to the MIG6 concentration
before treatment. Thus, patients with a
high pre-treatment MIG6 concentration
might expect a more substantial reduction
in LDL-cholesterol in response to medica-
tion. Although further research is needed,
the pre-treatment MIG6 concentration
may have potential for use as a marker of
a good response to cholesterol-lowering
treatment.

The present study had several limita-
tions. First, the administration of rosuvas-
tatin 5mg or rosuvastatin 5mgþ ezetimibe
10mg had differing effects on
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LDL-cholesterol concentration. Therefore,
it remains to be determined whether the dif-
ferent changes in MIG6 concentration were
related to the differing effects of LDL-
cholesterol or constituted an independent
effect. To answer this question, the effects
of the two regimens should be compared
following dose adjustments to ensure simi-
lar changes in LDL-cholesterol. Second, we
did not compare the effects of multiple sta-
tins; therefore, further research involving
other statins is needed to perform
this comparison. Third, this was not a ran-
domized controlled study. A well-designed,
randomized study should be performed to
exclude the influence of selection bias and
confirm the effects of each drug treatment.
Finally, this study was of 63 people recruited
at a single institution and lasted 12 weeks. In
addition, we did not perform a sample size
calculation; therefore, the relatively small
sample size may have affected the signifi-
cance of the findings. Long-term, large-
scale, multi-center trials should be conducted
to confirm the relationships between cardio-
vascular outcomes and the changes in the
serum concentration of MIG6.

In conclusion, we have shown that the
treatment of patients with hypercholesterol-
emia and concomitant type 2 DM using
rosuvastatin and ezetimibe increases the cir-
culating MIG6 concentration. This is the
first study to show that MIG6 is associated
with cholesterol metabolism in humans, as
previously shown in mice.
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