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ABSTRACT
Aims/Introduction: Different types of diabetes show distinct genetic characteristics,
but the specific genetic susceptibility factors remain unclear. Our study aimed to explore
the associations between the ribosomal protein S26 (RPS26) gene rs1131017
polymorphisms and susceptibility to type 1 diabetes mellitus, latent autoimmune diabetes
in adults (LADA) and type 2 diabetes mellitus in the Chinese Han population, and their
correlations with clinical features.
Materials and Methods: Genotyping of the rs1131017 variant was carried out for
1,006 type 1 diabetes mellitus patients, 210 LADA patients, 642 type 2 diabetes mellitus
patients and 2,099 control individuals.
Results: We found that the rs1131017 C allele was a risk locus for both type 1 diabetes
mellitus and LADA (odds ratio [OR] 1.50, 95% confidence interval [CI] 1.33–1.69, P < 0.001;
OR 1.31, 95% CI 1.04–1.64, P = 0.021, respectively). Nevertheless, this association was not
found for type 2 diabetes mellitus. Carrying the C allele genotype was associated with a
lower postprandial C-peptide for type 1 diabetes mellitus (OR 1.41, 95% CI 1.11–1.80,
P = 0.006) and lower fasting C-peptide for LADA (OR 1.55, 95% CI 1.01–2.38, P = 0.047).
Interestingly, a lower GC frequency was noted for LADA than for type 1 diabetes mellitus,
regardless of classification based on age at diagnosis, C-peptide or glutamic acid
decarboxylase antibody positivity.
Conclusions: The RPS26 polymorphism was associated with susceptibility and clinical
characteristics of type 1 diabetes mellitus and LADA in the Chinese population, but was
not related to type 2 diabetes mellitus. Thus, it might serve as a novel biomarker for
particular types of diabetes.

INTRODUCTION
Diabetes is on the rise globally, posing a significant threat to
human health due to its high disability and mortality rates1. It
shows substantial clinical heterogeneity, encompassing various
subtypes such as type 1 diabetes mellitus, latent autoimmune
diabetes in adults (LADA) and type 2 diabetes mellitus. Recent
evidence suggests substantial genetic differences among these
diabetes subtypes. Genome-wide association studies (GWASs)

have identified some susceptibility loci for type 1 diabetes
mellitus2, LADA3 and type 2 diabetes mellitus4. However, these
risk loci only partially overlap3. Notably, these studies primarily
focused on white populations, whereas current research indi-
cates significant genetic distinctions between the Chinese and
white populations2,5,6. Therefore, it is essential to investigate
genetic susceptibility loci for different diabetes subtypes in the
Chinese population.
In recent years, there has been a gradual increase in genetic
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GWAS of type 1 diabetes mellitus in the Chinese population
identified two new type 1 diabetes mellitus risk susceptibility
loci, BTN3A1 rs4320356 and GATA3 rs38026047. The rare
DR9/DR9 genotype, which is uncommon among white people,
has been identified as a distinctive risk genotype for LADA in
the Chinese population8. In the case of type 2 diabetes mellitus,
current research has identified 56 new type 2 diabetes mellitus
loci associated with East Asian diabetes patients, such as
GRM8/PAX4 rs11773711879. However, the genetic characteris-
tics of different types of diabetes patients in the Chinese popu-
lation are still not well elucidated.
The ribosomal protein S26 (RPS26) gene, which encodes a

ribosomal protein, is implicated in various cellular processes,
such as translation, endoplasmic reticulum (ER) stress, and the
assembly and stability of ribosomal subunits10. Interestingly,
research has found a correlation between the downregulation of
ribosomal mitochondrial proteins and an increase in insulin
content within b-cells11. Furthermore, existing research has
established connections between T lymphocytes and various
diabetes subtypes12–14. A previous study reported that the
removal of RPS26 from T lymphocytes disrupts their homeo-
stasis and development15, suggesting its potential involvement
in diabetes pathogenesis.
Actually, RPS26 has been identified as a risk locus for type 1

diabetes mellitus in several GWASs16,17, and its single-
nucleotide polymorphisms (SNPs), rs229223917, rs1117173918

and rs170170419, have been recognized as markers for type 1
diabetes mellitus. The rs1131017 variant, situated in the
untranslated region of the RPS26 gene, shows linkage disequi-
librium with rs10876864, rs11171739 and rs773125 (all
R2 > 0.80)20. Previous GWASs have associated these variants
with vitiligo21, type 1 diabetes mellitus in white people18 and
rheumatoid arthritis22, respectively. Furthermore, rs1131017 has
been identified as a lead SNP in a trans-acting regulatory
region within T lymphocytes20, affecting not only RPS26
expression23, but also the expression of genes associated with
T lymphocyte activation and autoimmune disorders24.
Although existing research suggests that the expression of the
RPS26 gene might not be the molecular trait directly responsi-
ble for susceptibility to type 1 diabetes mellitus in white
people23, the correlation between the rs1131017 polymorphism
in the RPS26 gene and susceptibility to type 1 diabetes mellitus
and other diabetes subtypes in the Chinese population remains
unexplored, and warrants further investigation.
Thus, in light of the heterogeneity among diverse types of

diabetes and genetic variations across multiple ethnic groups,
our research specifically focused on type 1 diabetes mellitus,
LADA and type 2 diabetes mellitus patients in the compara-
tively understudied Chinese Han population. We aimed to elu-
cidate the potential correlation between the rs1131017
polymorphism of the RPS26 gene and susceptibility to different
types of diabetes, as well as their clinical characteristics in the
Chinese Han population.

MATERIALS AND METHODS
Participants
Our study included a total of 3,957 Chinese Han participants
recruited from the Second Xiangya Hospital of Central South
University, Changsha, Hunan, China, including 1,006 type 1
diabetes mellitus patients, 210 LADA patients, 642 type 2 dia-
betes mellitus patients and 2,099 control individuals. The inclu-
sion criteria for each participant group are described here. All
diagnoses for diabetes were required to adhere to the 1999
World Health Organization diabetes diagnosis criteria. Type 1
diabetes mellitus patients needed to meet specific criteria,
including insulin dependence in the first 6 months and the
presence of at least one designated islet autoantibody: glutamic
acid decarboxylase antibody (GADA), protein tyrosine phos-
phatase antibody (IA-2A) and zinc transporter 8 antibody
(ZnT8A). LADA patients were required to show insulin inde-
pendence during the initial 6 months, and the presence of at
least one of the GADA, IA-2A and ZnT8A antibodies at onset,
and the age at diagnosis needed to exceed 18 years25. Type 2
diabetes mellitus patients also needed to show negative results
for all three islet autoantibodies at onset26. Controls were
defined as individuals without diabetes or a family history of
diabetes within the same geographic area who had normal oral
glucose tolerance test results25. The present study was approved
by the Ethics Committee of the Second Xiangya Hospital of the
Central South University, and was carried out according to the
Declaration of Helsinki. All participants who were fully aware
of this research signed an informed consent form.

Clinical features and biochemical measurements
In the present analysis of clinical characteristics, we divided
type 1 diabetes mellitus patients into early-onset and late-onset
groups based on the age of onset thresholds of 15 years27,
18 years25 and 20 years28,29. No age-based classification was
applied for LADA and type 2 diabetes mellitus patients. Islet b-
cell function was assessed using fasting C-peptide (FCP) and 2-
h postprandial C-peptide (PCP) values. For autoimmune type 1
diabetes mellitus, FCP ≥200 pmol/L or PCP ≥400 pmol/L
showed preserved b-cell function30. The FCP cutoff value of
≥200 pmol/L was also applied to define adequate b-cell func-
tion in previous studies of type 2 diabetes mellitus31. Thus, we
chose the cutoff value of PCP ≥400 pmol/L to align with the
previous studies. FCP, PCP and glycated hemoglobin levels
were measured by automated liquid chromatography and
chemiluminescence methods. Autoantibodies against pancreatic
islets, including GADA, IA-2A and ZnT8A, were detected by
radioligand binding assay32.

SNP selection and genotyping
The main basis for selecting rs1131017 in RPS26 was its
reported association with other autoimmune diseases and its
minor allele frequencies values >0.05 in Asian populations.
Genomic DNA was extracted from peripheral blood using the
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Genenode Genomic DNA Extraction Kit (Genenode Biotech
Co. Ltd., Beijing, China), and stored at -80°C. Genotyping was
carried out using the Illumina Asian Screening Array (San
Diego, CA, USA).

Statistical analysis
All data are expressed either as the mean – standard deviation
(SD) or as the number of cases and constituent ratio. Differ-
ences in general information among type 1 diabetes mellitus,
LADA, type 2 diabetes mellitus patients and controls were
compared by different methods, including Student’s t-test and
ANOVA test for normal distribution, the Mann–Whitney
U-test and Kruskal–Wallis H-test for non-normal distribution,
and the v2-test for qualitative data. The frequencies of geno-
types and alleles, and the genotype–phenotype associations were
analyzed using v2-test and logistic regression, with odds ratio
(OR) and P-values calculated. All statistical analyses were car-
ried out using SPSS 27.0 software (SPSS Inc., Chicago, IL,
USA). Two-sided P-values <0.05 were considered statistically
significant.

RESULTS
Clinical and biochemical characteristics of cases and controls
DNA samples from 1,006 type 1 diabetes mellitus patients, 210
LADA patients, 642 type 2 diabetes mellitus patients and 2,099
control individuals were included in the present analysis. Clini-
cal and biochemical characteristics are shown in Table 1. The
four groups were matched in terms of sex (male/female). Both
LADA and type 2 diabetes mellitus patients had a later age of
onset than type 1 diabetes mellitus patients (both P < 0.001).
Consistent with previous research, type 1 diabetes mellitus
patients appeared to have the leanest body mass index, whereas
type 2 diabetes mellitus patients had the highest body mass

index values (P < 0.001). The lowest level of glycated hemoglo-
bin was found in LADA patients, whereas type 2 diabetes mel-
litus patients had the highest level (P < 0.001). FCP and PCP,
indicative of insulin secretion, were both lower in patients with
type 1 diabetes mellitus than in those with LADA and type 2
diabetes mellitus (all P < 0.001). Compared with those in
type 1 diabetes mellitus patients, the proportion of GADA posi-
tivity was higher, and the proportion of IA-2A and ZnT8A
positivity was lower in LADA patients (all P < 0.001).

Frequency distributions of genotypes and alleles
We investigated the genotypic and allelic frequency distribu-
tions across various subgroups of participants by combined
genetic models, including dominant, recessive, overdominant
and additive models. The results are presented in Table 2. The
genotypes and allele frequencies of type 2 diabetes mellitus
patients were comparable to those of control individuals under
all four genetic models. The results showed that compared with
the G allele, the minor allele C increased the risk for type 1
diabetes mellitus and LADA (OR 1.50, 95% CI 1.33–1.69,
P < 0.001; OR 1.31, 95% CI 1.04–1.64, P = 0.021, respectively).
The CC genotype showed a more pronounced predisposition
to type 1 diabetes mellitus than G allele carriers in all four
genetic models (all P < 0.05). This pattern was replicated for
LADA under the additive and recessive models (OR 1.30, 95%
CI 1.04–1.62, P = 0.022; OR 2.01, 95% CI 1.23–3.28,
P = 0.005, respectively). Furthermore, the C allele and CC
genotype frequencies in type 1 diabetes mellitus patients sur-
passed those in type 2 diabetes mellitus patients across all
genetic models (C allele: OR 1.51, 95% CI 1.28–1.77, P < 0.001;
CC genotype: all P < 0.05). A similar trend was observed in
LADA patients under the additive model (OR 1.30, 95% CI
1.02–1.67, P = 0.036) and the recessive model (OR 2.12, 95%

Table 1 | Clinical and biochemical characteristics of cases and controls

Controls T1DM LADA T2DM P-value

Sample size 2,099 1,006 210 642 –
Sex (male/female) 1206/893 540/466** 120/90 384/258*** NS
Onset age (years) – 24 – 15 49 – 13*** 39 – 4***,**** <0.001*
BMI (kg/m2) 22.90 – 3.11 19.09 – 3.61** 22.38 – 3.53*** 24.97 – 3.71**,***,**** <0.001*
FPG (mmol/L) 5.29 (4.98–5.60) 8.30 (5.97–12.80)** 8.54 (6.60–12.46)** 8.60 (6.78–12.09)** <0.001*
PPG (mmol/L) 5.55 (4.82–6.53) 15.60 (10.80–20.80)** 14.64 (10.72–19.52)** 15.04 (11.23–19.62)** <0.001*
HbA1c (%) – 9.80 (7.63–12.68) 7.10 (6.10–9.10)*** 10.75 (8.18–12.65)***,**** <0.001*
FCP (pmol/L) – 79.00 (29.00–166.91) 460.60 (188.22–831.39)*** 455.80 (287.43–795.05)***,**** <0.001*
PCP (pmol/L) – 148.83 (52.65–324.55) 1,063.30 (578.60–2,176.00)*** 1,113.95 (536.70–2,106.45)***,**** <0.001*
GADA positivity (%) – 89.50 97.6*** 0.00***,**** <0.001*
IA-2A positivity (%) – 50.39 14.95*** 0.00***,**** <0.001*
ZnT8A positivity (%) – 34.82 11.54*** 0.00***,**** <0.001*

*P < 0.05 was considered significant. **P < 0.05 other groups versus controls. ***P < 0.05 other groups versus type 1 diabetes mellitus.
****P < 0.05 other groups versus latent autoimmune diabetes in adults. BMI, body mass index; FCP, fasting C-peptide; FPG, fasting plasma glucose;
GADA, glutamic acid decarboxylase antibody; HbA1c, glycated hemoglobin; IA-2A, protein tyrosine phosphatase antibody; LADA, latent autoimmune
diabetes in adults; PCP, 2-h postprandial C-peptide; PPG, 2-h postprandial plasma glucose; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes
mellitus; ZnT8A, zinc transporter 8 antibody.
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CI 1.19–3.76, P = 0.010). When combining the overdominant
model, a notable disparity in genotype frequencies was observed
between type 1 diabetes mellitus and LADA patients, with a
decreased occurrence of the GC genotype in LADA patients
(OR 0.72, 95% CI 0.53–0.99, P = 0.040). In summary, these
findings suggest that rs1131017 was connected with susceptibil-
ity to both type 1 diabetes mellitus and LADA, independent of
type 2 diabetes mellitus susceptibility. Additionally, the C allele
was considered a stronger risk factor for type 1 diabetes melli-
tus and LADA relative to the G allele.

Associations of clinical features in diabetes patients with
rs1131017 genotypes
In addition, a comprehensive analysis of the correlation
between the rs1131017 polymorphism and various clinical fea-
tures in diabetes patients was carried out, such as age at diag-
nosis (Table 3), islet b-cell function (Table 4) and islet
autoantibodies (Table 5).
As listed in Table 3, for the subgroups defined by age at

onset (≥18 years and <18 years), we observed consistent and
significant association between the rs1131017 CC genotype and
early-onset type 1 diabetes mellitus and late-onset type 1 diabe-
tes mellitus under all four classic genetic models (all P < 0.05).
No significant heterogeneity of effects was observed between
these two subgroups. In the overdominant model, the frequency
of the GC genotype was higher in late-onset type 1 diabetes
mellitus patients than in LADA patients (OR 0.70, 95% CI
0.50–0.97, P = 0.030). When comparing late-onset type 1 dia-
betes mellitus patients with type 2 diabetes mellitus patients, it
was found that under all four genetic models, the GC and CC
frequencies were higher in late-onset type 1 diabetes mellitus
patients than in type 2 diabetes mellitus patients (all P < 0.05).

Additionally, the CC frequency was higher in LADA patients
than in type 2 diabetes mellitus patients under the additive
model (OR 1.30, 95% CI 1.02–1.67, P = 0.036) and the reces-
sive model (OR 2.12, 95% CI 1.19–3.76, P = 0.010). Further-
more, the results for the classification of type 1 diabetes
mellitus according to the cutoff points of 15 years and 20 years
confirmed the aforementioned findings (Table S1).
FCP levels were measured to evaluate b-cell function in

patients with diabetes (Table 4). The C allele showed a negative
trend for preserved FCP (FCP ≥200 pmol/L) in LADA patients
(additive model, OR 1.55, 95% CI 1.01–2.38, P = 0.047), and
patients carrying the GG genotype were found to be at mark-
edly less risk for low FCP levels compared with those carrying
the C allele (dominant model, OR 1.95, 95% CI 1.08–3.54,
P = 0.028). However, no linkage was observed between FCP
levels and the rs1131017 polymorphism in either type 1 diabe-
tes mellitus or type 2 diabetes mellitus patients. In individuals
with high C-peptide levels (FCP ≥200 pmol/L), LADA patients
showed a lower GC frequency than type 1 diabetes mellitus
patients (OR 0.61, 95% CI 0.39–0.95, P = 0.029), but there was
no significant difference between LADA and type 2 diabetes
mellitus patients. In addition, PCP results were also assessed
(Table S2). Contrary to the aforementioned findings, an associ-
ation between PCP levels and the rs1131017 polymorphism in
type 1 diabetes mellitus patients was noted. Type 1 diabetes
mellitus patients carrying the C allele genotypes showed lower
PCP levels (additive model, OR 1.41, 95% CI 1.11–1.80,
P = 0.006), but a relationship of PCP in LADA and type 2 dia-
betes mellitus patients with this polymorphism was not found.
Equally important, as detailed in Table 5 regarding GADA

status, under the overdominant model, the GC frequency was
lower in LADA patients who tested positive for GADA than in

Table 3 | Age at diagnosis stratified by RPS26 rs1131017 genotypes in Chinese patients with diabetes

rs1131017 T1DM (n = 1,006) OR (95% CI)

Onset-
age < 18

Onset-
age ≥ 18

T1DM
subgroups

T1DM Onset-age
<18 vs Controls

T1DM Onset-
age ≥ 18 vs
Controls

LADA vs T1DM
Onset-age ≥ 18

T1DM Onset-
age ≥ 18 vs
T2DM

LADA vs T2DM

Dominant model
GG 202 (48.3) 287 (48.8) NS 1.63 (1.32–2.02)* 1.60 (1.33–1.93)* NS 1.60 (1.28–2.01)* NS
GC + CC 216 (51.7) 301 (51.2)

Recessive model
GG + GC 374 (89.5) 542 (92.2) NS 2.13 (1.47–3.07)* 1.53 (1.07–2.19)* NS 1.62 (1.02–2.58)* 2.12 (1.19–3.76)*
CC 44 (10.5) 46 (7.8)

Overdominant model
GG + CC 246 (58.9) 333 (56.6) NS 1.34 (1.08–1.66)* 1.47 (1.22–1.77)* 0.70 (0.50–0.97)* 1.45 (1.15–1.82)* NS
GC 172 (41.1) 255 (43.4)

Additive model
GG encode as 0 202 (48.3) 287 (48.8) NS 1.55 (1.32–1.83)* 1.45 (1.25–1.68)* NS 1.47 (1.22–1.77)* 1.30 (1.02–1.67)*
GC encode as 1 172 (41.1) 255 (43.4)
CC encode as 2 44 (10.5) 46 (7.8)

*P < 0.05 was considered significant. CI, confidence interval; LADA, latent autoimmune diabetes in adults; NS, not significant; T1DM, type 1 diabetes
mellitus; T2DM, type 2 diabetes mellitus.

38 J Diabetes Investig Vol. 15 No. 1 January 2024 ª 2023 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

O R I G I N A L A R T I C L E

Song et al. http://wileyonlinelibrary.com/journal/jdi



Ta
bl
e
4
|b

-C
el
lf
un

ct
io
n
st
ra
tif
ie
d
by

RP
S2
6
rs
11
31
01
7
ge
no

ty
pe
s
in

Ch
in
es
e
pa
tie
nt
s
w
ith

di
ab
et
es

rs
11
31
01
7

T1
D
M

(n
=
1,
00
6)

LA
D
A
(n

=
21
0)

T2
D
M

(n
=
64
2)

O
R
(9
5%

CI
)

Lo
w
er

C-
pe
pt
id
e
le
ve
ls

(F
CP

<2
00
)

H
ig
he
r
C-

pe
pt
id
e
le
ve
ls

(F
CP

≥2
00
)

O
R

(9
5%

CI
)

Lo
w
er

C-
pe
pt
id
e
le
ve
ls

(F
CP

<2
00
)

H
ig
he
r
C-

pe
pt
id
e
le
ve
ls

(F
CP

≥
20
0)

O
R
(9
5%

CI
)

Lo
w
er

C-
pe
pt
id
e
le
ve
ls

(F
CP

<2
00
)

H
ig
he
r
C-

pe
pt
id
e
le
ve
ls

(F
CP

≥2
00
)

O
R

(9
5%

CI
)

LA
D
A
vs

T1
D
M

(F
CP

≥2
00
)

LA
D
A
vs

T2
D
M

(F
CP

≥2
00
)

D
om

in
an
t
m
od

el
G
G

38
6
(4
7.
8)

10
3
(5
2.
0)

N
S

28
(4
3.
8)

88
(6
0.
3)

1.
95

(1
.0
8–
3.
54
)*

33
(6
6.
0)

34
9
(6
0.
3)

N
S

N
S

N
S

G
C
+
CC

42
2
(5
2.
2)

95
(4
8.
0)

36
(5
6.
3)

58
(3
9.
7)

17
(3
4.
0)

23
0
(3
9.
7)

Re
ce
ss
iv
e
m
od

el
G
G
+
G
C

72
9
(9
0.
2)

18
7(
94
.4
)

N
S

56
(8
7.
5)

13
3(
91
.1
)

N
S

48
(9
6.
0)

55
0(
95
.0
)

N
S

N
S

N
S

CC
79

(9
.8
)

11
(5
.6
)

8(
12
.5
)

13
(8
.9
)

2(
4.
0)

29
(5
.0
)

O
ve
rd
om

in
an
t
m
od

el
G
G
+
CC

46
5
(5
7.
5)

11
4
(5
7.
6)

N
S

36
(5
6.
3)

10
1
(6
9.
2)

N
S

35
(7
0.
0)

37
8
(6
5.
3)

N
S

0.
61

(0
.3
9–
0.
95
)*

N
S

G
C

34
3
(4
2.
5)

84
(4
2.
4)

28
(4
3.
8)

45
(3
0.
8)

15
(3
0.
0)

20
1
(3
4.
7)

A
dd

iti
ve

m
od

el
G
G
en
co
de

as
0

38
6
(4
7.
8)

10
3
(5
2.
0)

N
S

28
(4
3.
8)

88
(6
0.
3)

1.
55

(1
.0
1–
2.
38
)*

33
(6
6.
0)

34
9
(6
0.
3)

N
S

N
S

N
S

G
C
en
co
de

as
1

34
3
(4
2.
5)

84
(4
2.
4)

28
(4
3.
8)

45
(3
0.
8)

15
(3
0.
0)

20
1
(3
4.
7)

CC
en
co
de

as
2

79
(9
.8
)

11
(5
.6
)

8
(1
2.
5)

13
(8
.9
)

2
(4
.0
)

29
(5
.0
)

*P
<
0.
05

w
as

co
ns
id
er
ed

sig
ni
fic
an
t.
CI
,c
on

fid
en
ce

in
te
rv
al
;F
CP

,f
as
tin
g
C-
pe
pt
id
e;
LA
D
A
,l
at
en
t
au
to
im
m
un

e
di
ab
et
es

in
ad
ul
ts
;N

S,
no

t
sig

ni
fic
an
t;
T1
D
M
,t
yp
e
1
di
ab
et
es

m
el
lit
us
;

T2
D
M
,t
yp
e
2
di
ab
et
es

m
el
lit
us
.

ª 2023 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. 15 No. 1 January 2024 39

O R I G I N A L A R T I C L E

http://wileyonlinelibrary.com/journal/jdi RPS26 and susceptibility of diabetes



type 1 diabetes mellitus patients (overdominant model, OR
0.71, 95% CI 0.52–0.98, P = 0.037). There was no correlation
between the rs1131017 polymorphism and type 1 diabetes mel-
litus, LADA or GADA-negative patients. No significant differ-
ences between patient subgroups were observed with respect to
IA-2A and ZnT8A (Table S3).

DISCUSSION
To our knowledge, the present study is the first to focus on the
link between the RPS26 gene polymorphism and type 1 diabe-
tes mellitus, LADA, and type 2 diabetes mellitus in the Chinese
Han population. We unequivocally confirm that rs1131017 in
RPS26 is not only a risk factor for type 1 diabetes mellitus, but
also a novel susceptibility locus for LADA. However, this vari-
ant does not pose a risk for type 2 diabetes mellitus, which
might help distinguish type 1 diabetes mellitus and LADA
patients from clinically diagnosed type 2 diabetes mellitus.
Another factor differentiating LADA from type 1 diabetes mel-
litus is the greater association of LADA with a lower GC geno-
type frequency.
Current studies on genetic susceptibility loci for diabetes pre-

dominantly focus on white populations. However, due to differ-
ences in genetic backgrounds among different ethnic groups,
the applicability of these studies to other populations is limited.
For instance, DR3 and DR4 are the most significant human
leukocyte antigen haplotypes in white populations, but their
prevalence is significantly lower in the Chinese population8.
Furthermore, the 1858C > T of PTPN22, commonly observed
in white patients with type 1 diabetes mellitus, is seldom found
in Chinese populations and shows no association33. Regarding
LADA, previous research has identified DR3/DR4 as a suscepti-
bility genotype in white populations, whereas in Chinese popu-
lations it is DR9/DR98. Additionally, HHEX polymorphisms

increase the risk of type 2 diabetes mellitus in Asian and white
populations, but not in Indian or African American
populations34. These findings underscore the need for more
inclusive and diverse genetic studies in diabetes research.
RPS26 is located on chromosome 12q13.2 and encodes a

highly conserved ribosomal protein10,35,36. The RPS26 protein is
situated on the cytoplasmic side of the rough ER membrane. It
is part of the ribosomal complex and participates in protein
translation. Recent research has suggested that ER stress can
lead to impaired b-cell function in type 1 diabetes mellitus37,38.
Furthermore, compared with individuals without diabetes, indi-
viduals with type 1 diabetes mellitus show higher levels of ER
stress39. Additionally, during the autoimmune reaction observed
in type 1 diabetes mellitus patients, there is a loss of ER
homeostasis and subsequent b-cell death40. This suggests that
RPS26 might play a role in the development and progression of
type 1 diabetes mellitus through its involvement in ER stress.
However, autoimmunity is correlated with the pathogenesis of
both type 1 diabetes mellitus and LADA, and T lymphocytes
are crucial for this process41. Previous studies have shown that
RPS26 is highly expressed in T lymphocytes, and that the abla-
tion of RPS26 in T lymphocytes disrupts peripheral
T lymphocyte homeostasis and impairs T lymphocyte develop-
ment in the thymus15. This role of RPS26 in T lymphocyte
development and homeostasis might also be a potential mecha-
nism influencing autoimmune diabetes. Currently, RPS26 has
been identified as a susceptibility gene for type 1 diabetes melli-
tus in multiple large-scale GWASs in white populations16,17,
which was subsequently confirmed by studies integrating
human and mouse genotype and expression data17. Neverthe-
less, there is a lack of studies on RPS26 in LADA and type 2
diabetes mellitus, and the exact role of RPS26 in type 1 diabetes
mellitus remains to be shown.

Table 5 | Autoantibodies status stratified by RPS26 rs1131017 genotypes in Chinese patients with diabetes

rs1131017 T1DM (n = 1,006) LADA (n = 210) OR for LADA vs T1DM

GADA (-),
n = 106

GADA (+),
n = 900

OR (95%
CI)

GADA (-),
n = 5

GADA (+),
n = 205

OR (95%
CI)

GADA
(-)

GADA (+)

Dominant model
GG 60 (56.6) 429 (47.7) NS 4 (80.0) 112 (54.6) NS NS NS
GC + CC 46 (43.4) 471 (52.3) 1 (20.0) 93 (45.4)

Recessive model
GG + GC 99 (93.4) 817 (90.8) NS 5 (100.0) 184 (89.8) NS NS NS
CC 7(6.6) 83(9.2) 0(0.0) 21(10.2)

Overdominant model
GG + CC 67 (63.2) 512 (56.9) NS 4 (80.0) 133 (64.9) NS NS 0.71 (0.52–0.98)*
GC 39 (36.8) 388 (43.1) 1 (20.0) 72 (35.1)

Additive model
GG encode as 0 60 (56.6) 429 (47.7) NS 4 (80.0) 112 (54.6) NS NS NS
GC encode as 1 39 (36.8) 388 (43.1) 1 (20.0) 72 (35.1)
CC encode as 2 7 (6.6) 83 (9.2) 0 (0.0) 21 (10.2)

*P < 0.05 was considered significant. CI, confidence interval; GADA, glutamic acid decarboxylase antibody; LADA, latent autoimmune diabetes in
adults; NS, not significant; T1DM, type 1 diabetes mellitus.
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Furthermore, the RPS26 rs1131017 selected in the present
study has been found to be in linkage disequilibrium with
rs10876864, rs11171739 and rs773125 (all R2 > 0.80 in Esto-
nian population or Northern Europeans from Utah)20. These
variants have previously been shown in several large GWASs
to be relevant to various autoimmune diseases, such as
vitiligo21, type 1 diabetes mellitus in white people18 and rheu-
matoid arthritis22, respectively. The SNP, rs1131017, is localized
in the 50 oligopyrimidine channel of RPS26, which exerts a
translational repressive effect42. The G/C allele affects the distri-
bution of ribosomes, and the G allele can produce more pro-
tein with higher translation efficiency by interrupting an
oligopyrimidine channel, as previously shown43. This effect
might underlie the dissimilar functions of the G/C allele in
type 1 diabetes mellitus and LADA patients, and thus, addi-
tional investigations are needed. In alignment with our earlier
reference to the impact of RPS26 on T lymphocytes, it has
been established that rs1131017 is a prominent SNP of a
trans-regulatory site that affects multiple genes in CD4+ and
CD8+ T lymphocytes20. In T lymphocytes, rs1131017 can influ-
ence several genes connected with T lymphocyte activation and
autoimmune disease24, yielding a potential explanation for the
linkage of this variant with type 1 diabetes mellitus
and LADA.
In addition, we investigated the relationship between clinical

features and rs1131017 genotypes in patients with diabetes. This
polymorphism was found to feature variations in age at diagno-
sis, b-cell function, and GADA positivity across type 1 diabetes
mellitus, LADA and type 2 diabetes mellitus patients. Specifi-
cally, the presence of the C allele was negatively correlated with
PCP levels in type 1 diabetes mellitus patients and FCP levels
in LADA patients. Of note, previous studies have shown that
the genetic profile of LADA is akin to that of late-onset type 1
diabetes mellitus (European participants, age at diagnosis
>30 years)44. However, differences in the RPS26 polymorphism
between LADA and late-onset type 1 diabetes mellitus were
observed in the current research, regardless of whether type 1
diabetes mellitus was grouped by age at diagnosis of 15, 18 or
20 years. These differences might be attributed to variations in
ethnicity and corresponding age groups. Therefore, the signifi-
cance of RPS26 in the Chinese autoimmune diabetes population
is noteworthy. Concurrently, the present research indicates that,
divergent from type 1 diabetes mellitus patients, individuals
with LADA show elevated levels of GADA positivity and a
lower prevalence of GC frequencies, inspiring us to further
explore the distinctive mechanisms of the GC genotype of
rs1131017 in the autoimmune processes of both type 1 diabetes
mellitus and LADA.
Taking into consideration the heterogeneity of diabetes, the

present study was carried out using a considerably large cohort
of Chinese Han participants in Hunan Province, China. In
addition, we analyzed the clinical features of diabetes patients
with varying genotypes using different genetic models. Never-
theless, some limitations exist in the present study. First, the

study primarily utilized samples from central China, and valida-
tion from a multicenter cohort is needed for comprehensive
results. Second, as diabetes is a polygenic disease influenced by
a combination of genes and the environment, this study lacked
the exploration of interactions with other diabetes susceptibility
loci. Finally, continued investigation is necessary to understand
the underlying mechanisms of the impact of RPS26 rs1131017
genotypes and the G/C allele on the pathogenesis and clinical
features of diabetes.
In summary, the present study confirms that the SNP,

rs1131017, of the RPS26 gene is a genetic susceptibility locus
for type 1 diabetes mellitus and LADA in the Chinese Han
population, but it has no impact on susceptibility to type 2 dia-
betes mellitus. Our research provides evidence for the impor-
tant role of RPS26 in the genetic susceptibility of type 1
diabetes mellitus, offering a promising target for risk assessment
and precise diagnosis of diabetes.
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Table S3 IA-2A and ZnT8A status stratified by RPS26 rs1131017 genotypes in Chinese patients with diabetes.

ª 2023 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. 15 No. 1 January 2024 43

O R I G I N A L A R T I C L E

http://wileyonlinelibrary.com/journal/jdi RPS26 and susceptibility of diabetes


	 Abstract
	 INTRODUCTION
	 MATERIALS AND METHODS
	 Participants
	 Clinical features and biochemical measurements
	 SNP selection and genotyping
	 Statistical analysis

	 RESULTS
	 Clinical and biochemical characteristics of cases and controls
	 Frequency distributions of genotypes and alleles
	 Associations of clinical features in diabetes patients with rs1131017 genotypes

	 DISCUSSION
	 ACKNOWLEDGMENTS
	 DISCLOSURE
	 REFERENCES
	jdi14117-bib-0001
	jdi14117-bib-0002
	jdi14117-bib-0003
	jdi14117-bib-0004
	jdi14117-bib-0005
	jdi14117-bib-0006
	jdi14117-bib-0007
	jdi14117-bib-0008
	jdi14117-bib-0009
	jdi14117-bib-0010
	jdi14117-bib-0011
	jdi14117-bib-0012
	jdi14117-bib-0013
	jdi14117-bib-0014
	jdi14117-bib-0015
	jdi14117-bib-0016
	jdi14117-bib-0017
	jdi14117-bib-0018
	jdi14117-bib-0019
	jdi14117-bib-0020
	jdi14117-bib-0021
	jdi14117-bib-0022
	jdi14117-bib-0023
	jdi14117-bib-0024
	jdi14117-bib-0025
	jdi14117-bib-0026
	jdi14117-bib-0027
	jdi14117-bib-0028
	jdi14117-bib-0029
	jdi14117-bib-0030
	jdi14117-bib-0031
	jdi14117-bib-0032
	jdi14117-bib-0033
	jdi14117-bib-0034
	jdi14117-bib-0035
	jdi14117-bib-0036
	jdi14117-bib-0037
	jdi14117-bib-0038
	jdi14117-bib-0039
	jdi14117-bib-0040
	jdi14117-bib-0041
	jdi14117-bib-0042
	jdi14117-bib-0043
	jdi14117-bib-0044


