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MC2R gene decreases the risk "gpbégXéE
of schizophrenia in a female
Han Chinese population

Liang Tang"'%**®, Qin Xiang'**, Ju Xiang'*",
Jianming Li'?*® and Danna Chen"3’4

Abstract

Objective: Schizophrenia is a complex mental disorder with high heritability. The hypothalamic—
pituitary—adrenal (HPA) axis, which is the stress system of the neuroendocrine system, is con-
sidered to impact psychotic disorders. We hypothesized that polymorphisms of HPA axis genes
might be involved in the development of schizophrenia.

Methods: A case—control study comprising 234 patients with schizophrenia and 399 matched
healthy controls was conducted to investigate the association between the human melanocortin 2
receptor (MC2R) gene and schizophrenia risk. Seven tag single nucleotide polymorphisms (SNPs)
(rs16941303, rs16941314, rs2186944, rs28926188, rs7230126, rs948322, and rs948331) of
MC2R were genotyped by direct sequencing.

Results: No significant associations were observed between any of the alleles, genotypes, or
haplotypes examined within the MC2R gene and the risk of schizophrenia in the total group or in
subgroups stratified by smoking or alcoholism. However, a subgroup analysis stratified by sex
revealed that under the additive model, the C allele of the MC2R rs948331 SNP significantly
decreased the risk of schizophrenia in females (odds ratio=0.18).

Conclusion: The C allele of the MC2R rs94833 | locus may be a protective factor, reducing the
risk of schizophrenia in the female Han Chinese population.
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Introduction

Schizophrenia, a complex disorder typified
by delusions, hallucinations and thought
disorders, has both genetic and environ-
mental triggers.' Stress sensitivity and
activity of the hypothalamic—pituitary—
adrenocortical (HPA) axis have been impli-
cated in the development of schizophrenia.?
When exposed to stress, the HPA axis is
activated by binding of corticotropin-
releasing hormone (CRH) receptors, which
stimulates adrenocorticotrophic hormone
(ACTH) release® and aids in inhibiting
CRH expression in amygdala neurons via
negative feedback. ACTH can induce the
formation of myelin sheaths and dendrites
by increasing the circulating sugar content,
thus promoting brain maturation and
shortening the vulnerable period. It can
also act as a neuroregulator and neuro-
transmitter that can affect nervous system
development, whereby it plays roles in pre-
venting convulsion, improving learning and
memory functions, and reducing attention
deficits.* ®© ACTH can have pharmacologi-
cal effects by binding to the melanocortin 2
receptor (MC2R, also known as the ACTH
receptor).” Recently, five MCR genes
(MCIR, MC2R, MC3R, MC4R, and
MC5R) were identified. MC2R is an impor-
tant member of this family that is mainly
distributed in the adrenal cortex and binds
ACTH as a ligand.®

Thus, it is plausible that variants of this
receptor gene may be involved in disease
pathogenesis and drug resistance. Single
nucleotide polymorphisms (SNPs) in the

coding region of the MC2R gene could
influence the molecular conformation of
the ATCH receptor. Such structural differ-
ences could influence the efficiency of
ligand binding and the strength of the trans-
duction of signals sent through intracellular
pathways, leading to diseases such as infan-
tile spasm.,” alopecia areata,'® heroin addic-
tion,!  and  familial  glucocorticoid
deficiency.!>!?

Few studies have examined the link
between MC2R gene polymorphisms and
schizophrenia susceptibility. Using a case—
control method, we investigated MC2R
gene polymorphisms to determine whether
they contributed to the development of
schizophrenia in a Chinese population.

Materials and methods

Patients

Patients with schizophrenia were recruited
from the First Affiliated Hospital of
Changsha Medical College; their diagnoses
were confirmed by at least two independent
experienced psychiatrists according to the
criteria in the Diagnostic and Statistical
Manual of Mental Disorders, 4th Edition,
Text Revision. Individuals without schizo-
phrenia were recruited for the control
group. This study followed the ethical
standards of the 1964  Helsinki
Declaration and its later amendments, as
well as national and international guide-
lines. The research procedures were
approved by the Ethics Committee of the
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Changsha Medical College, China (Ethical
Committee of Changsha Medical College
(CMCEC-1801022)). Written informed
consent for genetic analyses was obtained
from all subjects.

Genotyping

SNP selection was performed using
Haploview software (https://sourceforge.
net/projects/haploview/)  choosing  only
SNPs with a minor allele frequency higher
than 0.05 and r*>0.8 based on the HapMap
database (CHB, Chinese Han population)
(http://coriell.org/1/NHGRI/Collections/

HapMap-Collections/HapMap-Project).

After  screening, seven tag  SNPs
(rs16941303, rs16941314, 1rs2186944,
rs28926188, rs7230126, 1rs948322, and
rs948331) in the MC2R gene were selected.
Genomic DNA was extracted from periph-
eral blood leukocytes using the standard
phenol-chloroform method. Multiplex poly-
merase chain reaction (PCR) assays were
performed on a GeneAmp 9700 PCR ther-
mocycler (Applied Biosystems, Foster City,
California, USA). The reactions were per-
formed in a total volume of 10 pL, including
1 puL of genomic DNA, 1 pL of primer mix
(1 uM of each primer), and 1 U of Hotstar
Taq polymerase (Qiagen Inc., Valencia, CA,
USA). The cycling parameters were as fol-
lows: 95°C for 2 minutes; 10 cycles at 95°C
for 20 s, 65°C for 40 s, and 72° for 30 s; 25
cycles at 95°C for 20 s, 55°C for 30 s, and

72°C for 1 minute; then the samples were
held at 4°C. The genotypes of the MC2R
polymorphisms were determined by Sanger
sequencing. A 3730XL genetic analyzer
(Applied Biosystems) was used for sequenc-
ing. GeneScan "™3.7 software (Applied
Biosystems) was used for data analysis.

Statistical analyses

The Hardy—Weinberg equilibrium (HWE)
of all polymorphisms under study was
assessed using a > test. The distributions
of the genetic models (allelic, dominant,
additive, and recessive models) were com-
pared between the control and case groups
using a ¢ test. All calculations were per-
formed with Plink 1.0 software (http://soft
waretopic.informer.com/plink-software/).
Corresponding odds ratios (ORs) and 95%
confidence intervals (CIs) were evaluated by
logistic regression analysis. A stringent
Bonferroni correction was performed to
adjust the p-value (pagj) in all cases in
which an initial significant relationship
was found. Squared correlation coefficients
(%) for each pair of polymorphic sites were
calculated with Haploview software. A
value of p<0.05 indicated statistical signifi-
cance. The allele data from patients strati-
fied into subgroups according to alcoholism
and smoking were also analyzed. A power
analysis was conducted using G*Power
software (www.gpower.hhu.de).

Table I. Characteristics of the case and control groups.

Case (n=234)

Control (n=399)

Age, mean+£SD (years)

Sex, male:female (%)

Smoking, n

Alcoholism, n

BMI, mean4SD (kg/m?)

Age of onset, mean+SD (years)

33.1£7.2 27.25+84
55.6:44.4 75.7:24.3
82 187

24 248
22.48+6.7 21.87+£54
21.13+3.3 21.47+64

SD, standard deviation; BMI, body mass index.
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Table 2. Allele distributions of MC2R gene polymorphisms in schizophrenia patients (case) and healthy controls (control).

Minor allele

Control

Case
(n

Minor allele
(A<B)

SNP

HWE

Power®

OR [95% CI"

p

399)

property (n=234) =

Position

SNP ID

0.881
0.850
0.834
0.672
0.905
0.841
0.528

237] 714
508]
456]
291]
278]
099]

0.961 [0.714-1.

0.917 [0.681—1.
1.075 [0.767—1.
1.080 [0.801—
0.948 [0.704I.
0.828 [0.624I.
0.907 [0.717-

0.572
0.672
0.614
0.791
0.729
0.192
0416

322 (0.404)

178 (0.380)

G<A
T<C
A<G
A<G
C<T
A<G
C<T

intron 2
intron 2
5'-flanking
3’-UTR_exon2
intron 2
intron 2
3'-flanking

113912243
113914355
113915542

3882728
13890199
:13886846
:13881279

rs16941303
rs16941314
rs2186944
rs28926188
rs7230126
rs948322
rs948331

*The OR and 95% Cl are calculated for the minor allele of each polymorphism.

PPower calculations assume 2=0.05 and a small effect size (0.1) or OR=1.5.

A, major allele; B, minor allele; SNP, single nucleotide polymorphism; OR, odds ratio; 95% CI, 95% confidence interval; HWE, Hardy—Weinberg equilibrium.

Results

A total of 234 patients with schizophrenia
and 399 healthy controls were included in
this study. The case group consisted of 234
unrelated patients including 130 males and
104 females (age 33.14+7.2 years, mean+t
standard deviation (SD)). Within the case
group, 7.4% of the patients had a history
of alcoholism, and 35.0% had a history of
smoking. In addition, 399 unrelated healthy
individuals (302 males and 97 females; age
27.25+8.4 years (mean+SD)) who did not
have schizophrenia according to clinical
examinations performed at The First
Affiliated Hospital of Changsha Medical
College were recruited for the control
group. Within the control group, 62.2%
of the participants had a history of alcohol-
ism, and 46.8% had a history of smoking
(Table 1). No significant deviations from
HWE were observed for any of the seven
tag SNPs (Table 2). Linkage disequilibrium
analysis indicated that rs16941303 and
rs2186944, rs16941303 and 128926188,
and 12186944 and rs28926188 exhibited
strong linkage (r*>0.85) (Figure 1).
Moreover, our study obtained >71.4%
power at the 5% significance level (two-
tailed), which indicates that the sample
size was sufficiently large to detect an asso-
ciation with an OR of 1.5 (Table 2).

No association was detected between the
allelic, additive, dominant, and recessive
models of any of the seven SNPs in the
MC2R gene and schizophrenia in the Han
Chinese  population before or after
Bonferroni correction (Table 2 and 3).
Seven major haplotypes were identified
among  the  rs16941303, rs16941314,
rs2186944, rs28926188, rs7230126, rs948322,
and rs948331 loci (lowest frequency threshold
>0.01). HaplotypeacggrgT Was the most
prevalent in both the case and control
groups, and no significant difference in its
frequency was observed between patients
with schizophrenia and controls.
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Figure |. Linkage disequilibrium analysis of seven single nucleotide polymorphisms of MC2R in the case

and control groups.

The frequency of haplotypeacgatac Was sig-
nificantly increased in the control group
versus the case group (p=0.039, OR [95%
CI]=0.153 [0.020-1.191]), but significance
was not obtained after correction (p=0.273)
(Table 4).

Analyses were performed on subgroups
stratified by sex, smoking, and alcoholism.
As shown in Table 5, the allele distributions
under the allelic, additive, dominant, and
recessive models for the MC2R rs16941303,
rs16941314, rs2186944, 1rs28926188,
rs7230126, and rs948322 loci did not signif-
icantly differ between the case and control
groups. Interestingly, significant associations
were observed under the allelic (p=0.046,
OR [95% CI]=0.665 [0.445-0.992]) and
additive models (p=0.0008, OR [95% CI]=
0.18 [0.06-0.49]) for rs948331 and schizo-
phrenia in female participants but not in
male participants or in the smoking and

alcoholism groups. The association under
the allelic model disappeared after
Bonferroni correction (p=0.362). A signifi-
cant association remained under the additive
model even after Bonferroni correction
(p=0.0056).

The haplotypes were also analyzed based
on sex, smoking, and alcoholism (Table 6),
and the frequency of haplotypeacggrgT In
patients with schizophrenia was significant-
ly lower than that in controls among the
female subgroup (p=0.041, OR [95%
CI]=1.508 [1.015-2.240]). The frequency
of haplotypeacggTgT In patients with
schizophrenia was also significantly lower
than that in the controls in the
smoking subgroup (p=0.031, OR [95%
CI]=0.659 [0.448-0.968]). However, these
significant associations disappeared after
Bonferroni correction (females: p=0.287;
smoking: 0.217).



Journal of International Medical Research

"[EAIDIUI DIUBPHUOD %G6 ‘|D %SG6 ‘Oned Sppo YO ‘wsiydiowdjod apnoapnu 3j3uls YNS D3¢ Joulw ‘g D3|t Jolew vy
'siskjeue uolssaJdau onsi3o| Aq parewnsa sem [|1D %56] YO ayl,
1591 10BXd S.Joysi4 3uisn pajgnojed aJom sanfeA d,

[ec1-ss0l 980 eb0 [sT1+90l060 50 [izi-z»ol 120 o0To0 Skl 98I 89 16 80l (AL>D) 1££8p654
[ov'1-8z0ol +90 620 [91'1-650l €80 £zo [se€1-szolsso 1Z0 obT  8€l Iz 18l SL (9>V) TTesresd
[soz-6z0l 820 820 [9g1-8901960 €80 [90T-6T0l £ZO 090 99T 0Tl €l 8Sl 0L (L>D) 9z10€TLSH
[os1-0zol 9s0 zzo [ev1—tzo0l o'l 160 [z8'1-0T01 950 £T0 99T  8IlI Sl SSI vl (95>V) 88197685
ool 220 €90 [ov1-180l#1'1  9v0 [S€T-£T0l 080 690 +/T ¥l [ Sl SL (5>V) #6981Ts4
[oce—szol L60 160 [eci—€90lz60 s90 [oge—£T0l S60 $60  L6T S6 L 8Ll 43 (O>1) vIgIy691s4
brz-9zol 220 €90 [zo1-tgolsi't o [ocz—~zzol 180 690 ST €11 [ %Sl St (V>D) £0€1+691s

oI %561 MO »d 1D %561 4O »d 41D %561 MO Jd g8 av vv ga av (@>V) al dNS

(gg+av A vv) (g9 'sr gv+vy) (ag A wv) |o3uo)

[9pOW BAISSa29Y

[opow jueulWOQ

[SPOW 3ARIPPY

'sdnoug |oaauod pue ased ayy ul swsiydiowA|od auad Yz JO SUOINQGLIISIP [9POW dIBUSL) *§ d|qel



Tang et al.

Table 4. Frequencies of haplotypes (>1%) of the seven single nucleotide polymorphisms of MC2R in
patients with schizophrenia (case) and healthy controls (control).

Haplotype® Case Control p Padj” OR [95% CI]

ACGATAC | (0.002) [l (0.014) 0.039 0.273 0.153 [0.020-1.191]
ACGGCAC 82 (0.175) 144 (0.180) 0.813 - 0.965 [0.715-1.301]
ACGGTGC 12 (0.025) 30 (0.038) 0.224 - 0.656 [0.331-1.301]
ACGGTGT 231 (0.493) 362 (0.454) 0.176 - 1.172 [0.931-1.475]
ATGGTGT 57 (0.122) 107 (0.134) 0.545 - 0.899 [0.638-1.268]
GCAATAC 5 (0.011) 18 (0.023) 0.115 - 0.458 [0.169—1.240]
GCAATGC 75 (0.161) 117 (0.146) 0.485 - 1119 [0.816-1.534]

*The Plink program was used to estimate common (frequency >0.01) haplotypes of the seven SNPs of MC2R
(rs16941303, rs16941314, rs2186944, rs28926188, rs7230126, rs948322, and rs948331).

PEach haplotype was compared with all other haplotypes combined.

“The Bonferroni correction was applied to correct the p value.

SNP, single nucleotide polymorphism; OR, odds ratio; 95% Cl, 95% confidence interval.

Discussion

The HPA axis is an important aspect of the
neuroendocrine system.'* Under normal
physiological conditions, the final products
released by the HPA axis, corticosteroids
(such as cortisol), regulate physiological
and psychological stress through complex
feedback mechanisms, helping the body
maintain  homeostasis.'>'®  Continuous
stress induces hyperactivity of the HPA
axis, increasing corticosteroid secretion,
and eventually disrupting the HPA axis
function.!” In the HPA axis, ACTH can
promote adrenal glucocorticoid secretion
by binding to ACTH receptor 1, which
then increases plasma cortisol levels.'® In
contrast, there are inconsistencies among
the reported results with regard to plasma
ACTH levels in patients with schizophre-
nia. Duval et al. did not find any differences
between their patient and control groups,'”
while Jiang et al.?® reported that the plasma
ACTH levels of patients with schizophrenia
were higher than the normal level. These
contradictory results may be caused by the
different methods of ACTH determination
used in these respective studies.

The MC2R gene maps to chromosome
18p 11.2.2! Missense mutations and variants

in the MC2R gene may result in the loss of
signal transduction following ligand bind-
ing or may affect the affinity of ligand bind-
ing, but both types of defects would result
in impaired receptor function.”” Further
studies are needed to investigate functional
variants that are either regulated naturally
or alternatively spliced upon ACTH release.
Interestingly, one report described an asso-
ciation between polymorphisms of the
MC2R gene in relation to other psychotic
disorders including infantile spasm 9 and
heroin addiction.!! In this case, the hetero-
geneity of different diseases might explain
the differences between their data and
those of the present study. Follow-up stud-
ies with a larger population and other
MC2R polymorphisms are required to
determine the complex relationship of
genetic and environmental factors in the
development of schizophrenia.
Interestingly, we detected a significant
association between the additive model of
MC2R 1s948331 and schizophrenia in a
female Han Chinese population. To our
knowledge, this is the first time that a sig-
nificant relationship has been identified
between any variant in the MC2R gene
and schizophrenia in the Han Chinese pop-
ulation. This SNP is located in the
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Table 6. The association between haplotypes (>1%) of the seven single nucleotide polymorphisms of
MC2R and schizophrenia risk stratified by sex, smoking, and alcoholism.

Haplotype® Subgroups Case Control p Pasi” OR [95% CI]
ACGATAC Female (104/97) - - - - -
Male (130/302) 1.00 (0.004) 11.00 (0.018) 0.136 0.206 [0.037-1.135]
Smoking (82/151) - - - - -
Alcoholism (24/210) — - - - -
A C GG CAC Female (104/97) 36.99 (0.178) 41.00 (0.211) 0.393 — 0.806 [0.491-1.323]
Male (130/302) 45.00 (0.173) 102.96 (0.170) 0.981 — 1.004 [0.683—1.476]
Smoking (82/151 35.00 (0.213) 46.95 (0.154) 0.127 — 1.458 [0.896-2.373]
Alcoholism (24/210) 10.00 (0.208) 71.97 (0.171) 0.557 — 1.248 [0.595-2.620]
ACGGTGC Female (104/97) 4.00 (0.019)  10.01 (0.052) 0.077 - 0.360 [0.111-1.168]
Male (130/302) 7.78 (0.030)  19.21 (0.032) 0.863 — 0.929 [0.399-2.164]
Smoking (82/151)  6.00 (0.037)  5.33 (0.018) 0.211 — 2.094 [0.641-6.833]
Alcoholism (24/210) 1.23 (0.026)  9.46 (0.023)  0.906 — [.121 [0.167-7.526]
ACGGTGT Female (104/97) 109.02 (0.524) 82.00 (0.423) 0.041 0.287 1.508 [1.015-2.240]
Male (130/302) 122.01 (0.469) 281.48 (0.466) 0.954 — 0.991 [0.740-1.328]
Smoking (82/151)  71.01 (0.433) 160.43 (0.528) 0.031 0.217 0.659 [0.448-0.968]
Alcoholism (24/210) 22.78 (0.475) 209.22 (0.498) 0.677 — 0.881 [0.484-1.602]
ATGGTGT Female (104/97) 22.98 (0.110) 23.00 (0.119) 0.798 — 0.923 [0.499-1.706]
Male (130/302) 33.99 (0.131) 8297 (0.137) 0.747 — 0.932 [0.607-1.431]
Smoking (82/151)  22.99 (0.140) 33.56 (0.110) 0.378 — 1.291 [0.731-2.280]
Alcoholism (24/210) 4.22 (0.088)  51.78 (0.123) 0.454 — 0.673 [0.238-1.906]
GCAATAC Female (104/97) - - - - -
Male (130/302) 4.78 (0.018)  16.66 (0.028) 0.412 — 0.652 [0.233-1.823]
Smoking (82/151) - - - - -
Alcoholism (24/210) 1.00 (0.021)  3.26 (0.008) 0.178 — 2.673 [0.393-18.168]
G CAATGC Female (104/97) 29.99 (0.144) 34.98 (0.180) 0.323 — 0.765 [0.449-1.303]
Male (130/302) 45.22 (0.174) 82.34 (0.136) 0.173 — 1.316 [0.886—1.956]
Smoking (82/151)  28.00 (0.171) 47.67 (0.157) 0.751 — 1.086 [0.651-1.811]
Alcoholism (24/210) 7.99 (0.167)  67.54 (0.161) 0.955 — 1.023 [0.458-2.283]

*The Plink program was used to estimate common (frequency >0.01) haplotypes of the seven SNPs of MC2R
(rs16941303, rs16941314, rs2186944, rs28926188, rs7230126, rs948322, and rs948331).

PEach haplotype was compared with all other haplotypes combined.

“The Bonferroni correction was applied to correct the p value.

SNP, single nucleotide polymorphism; OR, odds ratio; 95% Cl, 95% confidence interval.

3’-untranslated region of MC2R, but its
physiological effect is wunknown. We
hypothesize that this polymorphism may
decrease MC2R expression, resulting in a
reduction of plasma cortisol, which would
then increase the synthesis and secretion of
CRH via a negative feedback loop to pro-
tect against schizophrenia. Based on the
knowledge that autoimmune disorders can
be triggered in women following menarche

or childbirth, resulting in increased risk of a
myriad of autoimmune diseases, it is likely
that other factors that affect the autoim-
mune axis and the HPA axis may indirectly
affect the cognitive functions affected by
these axes.”> Most neuroendocrine studies
have focused on pharmacology, disease
course, and symptoms without considering
sex differences.”* Our results suggest that
sex might be an important factor in the
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genetic association between the MC2R
1s948331 locus alleles and the pathogenesis
of schizophrenia.

Several limitations of this study must be
considered. First, the positive association
found in this study may be a result of type
I error; however, this limitation was
addressed using the Bonferroni correction.
Second, the sample size of this study is rel-
atively small; however, a power analysis
showed a 71.4% probability of detecting
an effect size of 0.5 at the 0.05 significance
level. Therefore, based on these caveats, we
suggest that the association between the
MC2R r1s948331 locus and susceptibility
to schizophrenia should be replicated in
larger studies and among additional ethnic
populations. Third, the definitions of types
of alcoholism and smoking (chronic and
acute) among patients in the study were
not precise, which could have influenced
the consistency of our results.

Conclusions

Our study showed for the first time that
under the additive model, the C allele of
the MC2R 15948331 locus might be a pro-
tective factor against schizophrenia among
the female Chinese Han population.

Acknowledgment

We are grateful to all of the individuals who par-
ticipated in this study.

Declaration of conflicting interest

The authors declare that there is no conflict of
interest.

Funding

The present study was funded by the National
Natural Science Foundation of China (Grant
No. 81873780, 61702054); Hunan Natural
Science Foundation Youth Program
(2019J750697, 2018JJ3568, 2018JJ3573);
Changsha Outstanding Innovative Young
People Training Scheme (kq2009095,

kq2009093, kq2004077, kq2009092);
Foundation of the Education Department of
Hunan Province (19A058, 19B072, 18A493);
Foundation of the Health and Family Planning
Commission of Hunan Province (20201918,
20201910); Application Characteristic
Discipline of Hunan Province; Hunan Key
Laboratory Cultivation Base of the Research
and Development of Novel Pharmaceutical
Preparations (No. 2016TP1029); and Project of
Changsha Science and Technology (kq2004077).

ORCID iD

Liang Tang @ https://orcid.org/0000-0002-
1037-7296

References

1. Chowdari KV, Bamne MN and
Nimgaonkar VL. Genetic association studies
of antioxidant pathway genes and schizo-
phrenia. Antioxid Redox Signal 2011; 15:
2037-2045.

2. De Luca V, Tharmalingam S, Zai C, et al.
Association of HPA axis genes with
suicidal ~ behaviour in  schizophrenia.
J Psychopharmacol 2010; 24: 677-682.

3. Keck ME, Kern N, Erhardt A, et al.
Combined effects of exonic polymorphisms
in CRHR1 and AVPRIB genes in a case/
control study for panic disorder. Am J
Med Genet B Neuropsychiatr Genet 2008,
147B: 1196-1204.

4. Wang W, Murphy B, Dow KE, et al.
Systemic  adrenocorticotropic  hormone
administration down-regulates the expres-
sion of corticotropin-releasing hormone
(CRH) and CRH-binding protein in infant
rat hippocampus. Pediatr Res 2004; 55:
604-610.

5. Scantlebury MH, Chun KC, Ma SC, et al.
Adrenocorticotropic ~ hormone  protects
learning and memory function in epileptic
Kcnal-null mice. Neurosci Lett 2017; 645:
14-18.

6. Hernan AE, Alexander A, Lenck-Santini
PP, et al. Attention deficit associated with
early life interictal spikes in a rat model is
improved with ACTH. PLoS One 2014; 9:
¢89812.


https://orcid.org/0000-0002-1037-7296
https://orcid.org/0000-0002-1037-7296
https://orcid.org/0000-0002-1037-7296

Tang et al.

7.

10.

11.

12.

13.

15.

16.

Yang Y and Harmon CM. Molecular signa-
tures of human melanocortin receptors for
ligand binding and signaling. Biochim
Biophys Acta Mol Basis Dis 2017; 1863:
2436-2447.

. Fragoso MCBV, Alencar GA, Lerario AM,

et al. Genetics of primary macronodular
adrenal hyperplasia. J Endocrinol 2015;
224: R31-R43.

. Liu ZL, He B, Fang F, et al. Genetic poly-

morphisms of mc2r gene associated with
responsiveness to adrenocorticotropic hor-
mone therapy in infantile spasms. Chin
Med J (Engl) 2008; 121: 1627-1632.

Guo HW, Deng J, Yang XC, et al
Melanocortin receptor type 2 (mc2r, acth
receptor) expression in patients with alope-
cia areata. Exp Dermatol 2010; 19:
1020-1022.

Proudnikov D, Hamon S, Ott J, et al.
Association of polymorphisms in the mela-
nocortin receptor type 2 (MC2R, ACTH
receptor) gene with heroin addiction.
Neurosci Lett 2008; 435: 234-239.

Akin MA, Akin L, Coban D, et al. A novel
mutation in the MC2R gene causing familial
glucocorticoid deficiency type 1.
Neonatology 2011; 100: 277-281.

Switonski M, Mankowska M and Salamon
S. Family of melanocortin receptor (MCR)
genes in mammals-mutations, polymor-
phisms and phenotypic effects. J Appl
Genet 2013; 54: 461-472.

. Richards JR. Cannabinoid hyperemesis syn-

drome: a disorder of the HPA axis and sym-
pathetic nervous system? Med Hypotheses
2017; 103: 90-95.

Ludwig B, Roy B and Dwivedi Y. Role of
HPA and the HPG axis interaction in
testosterone-mediated  learned  helpless
behavior. Mol Neurobiol 2018; 56: 394-405.
Kellner M, Herzog L, Holsboer F, et al.
Circadian changes in the sensitivity of the
corticotropin-releasing hormones-stimulated

17.

18.

19.

20.

21.

22.

23.

24.

HPA system after arginine vasopressin and
atrial natriuretic hormone in human male
controls. Psychoneuroendocrinology 2018;
20: 515.

Eddy P, Wertheim EH, Hale MW, et al. A
systematic review and meta-analysis of the
effort-reward imbalance model of workplace
stress and HPA axis measures of stress.
Psychosom Med 2017; 80: 1.

Yang Y, Chen M, Kesterson RA Jr, et al.
Structural insights into the role of the
ACTH receptor cysteine residues on recep-
tor function. Am J Physiol Regul Integr
Comp Physiol 2007; 293: R1120-R1126.
Duval F, Mokrani MC, Monreal J, et al.
Dopamine and serotonin function in
untreated schizophrenia: clinical correlates
of the apomorphine and d-fenfluramine
tests. Psychoneuroendocrinology 2003; 28:
627-642.

Jiang X, Ji JW, Chen HY, et al. A study of
hypothalamus pituitary adrenal axis func-
tion in schizophrenia. Clin Psychiatry 2008;
18:  292-294.  http://www/cnki.com.cn/
Article/CJFDTotal-LCJS200805004.htm.
Mountjoy K, Robbins L, Mortrud M, et al.
The cloning of a family of genes that encode
the melanocortin receptors. Science 1992;
257: 1248-1251.

Metherell LA, Chan LF and Clark AJL. The
genetics of ACTH resistance syndromes.

Best Pract Res Clin Endocrinol Metab
2006; 20: 547-560.
Quintero OL, Amador-Patarroyo MJ,

Montoya-Ortiz G, et al. Autoimmune dis-
ease and gender: plausible mechanisms for
the female predominance of autoimmunity.
J Autoimmun 2012; 38: J109-J119.
Karanikas E and Garyfallos G. Role of cor-
tisol in patients at risk for psychosis mental
state and psychopathological correlates: a
systematic review. Psychiatry Clin Neurosci
2015; 69: 268-282.


http://www/cnki.com.cn/Article/CJFDTotal-LCJS200805004.htm
http://www/cnki.com.cn/Article/CJFDTotal-LCJS200805004.htm

	table-fn1-03000605211029504
	table-fn2-03000605211029504
	table-fn3-03000605211029504
	table-fn4-03000605211029504
	table-fn5-03000605211029504
	table-fn6-03000605211029504
	table-fn7-03000605211029504
	table-fn8-03000605211029504
	table-fn9-03000605211029504
	table-fn10-03000605211029504
	table-fn11-03000605211029504
	table-fn12-03000605211029504
	table-fn13-03000605211029504
	table-fn14-03000605211029504
	table-fn15-03000605211029504
	table-fn16-03000605211029504
	table-fn17-03000605211029504
	table-fn18-03000605211029504

