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For investigating the impact of miR-146a rs2910164 polymorphism on the therapeutic efficacy of lipoic acid
therapy in patients with type 2 diabetes mellitus (T2DM) peripheral neuropathy (DPN). 106 T2DM-DPN
patients in our hospital from Jan. 2020- 2022 were selected. The probe detection method was utilized to deter-
mine the polymorphism of the miR-146a rs2910164 gene in peripheral blood. All patients were treated with
zinc sulfate for 3 weeks period. According to the treatment effect, 37 patients who were ineffective in treatment
will be divided into an ineffective group, and 79 patients who were effective in treatment will be divided into
an effective group. The condition of miR-146a gene peptides was analyzed after treatment in both groups. The
motor nerve conduction velocity (MNCV), sensory nerve conduction velocity (SNCV), and Toronto Clinical
Scoring System (TCSS) scores of the median nerve and common peroneal nerve with different genotypes
were compared between the 2 sets. The genotype frequencies of alleles G, GG, and GC in the valid group
were lower than those in the invalid group; After treatment, MNCV and SNCV of CC genotype median nerve
and common peroneal nerve in DPN patients were higher than those before treatment; The TCSS scores of
the three genotypes less than post-treatment. The above results showed statistically significant differences
(P<0.05). Lipoic acid is influenced by the miR-146a polymorphism gene in the treatment of T2DM-DPN

patients, with the CC genotype having a lower susceptibility and the best clinical treatment effect.

Doi: http://dx.doi.org/10.14715/cmb/2023.69.12.7

Copyright: © 2023 by the C.M.B. Association. All rights reserved.

Introduction

Type 2 diabetes mellitus (T2DM) is a metabolic di-
sease represented by chronic high blood glucose. With
the improvement of China's economic level and living
standard, the disease is increasing year by year (1). Dia-
betic Peripheral Neurophathy (DPN) is a chronic compli-
cation with the highest incidence rate and complexity in
T2DM. Investigation shows that the incidence rate of DPN
in T2DM patients can reach 42.2%. Mild symptoms can
cause abnormal changes in neural structure, leading to limb
numbness and sensory decline; Severe patients may deve-
lop foot ulcers and gangrene after the condition worsens,
ultimately leading to limb disability (2). Currently, lipoic
acid is the main drug treatment method for DPN in T2DM
patients, but there are certain differences and limitations in
the treatment effect due to the influence of relevant factors
(3). miR-146a belongs to an RNA multifunctional non-co-
ding small molecule, derived from microRNA (miRNA),
which exists in inflammatory reactions and is closely rela-
ted to them. miR-146a can act on tumor necrosis receptor-
related factor 6 (TRAF-6) and Interleukin-1 receptor-as-
sociated kinase 1 (IRAK-1), affecting the NF-xB pathway
through regulation and occurs a vital position in producing
and developing DPN (4). miR-146 is a factor involved in
regulating the natural immune system in the body. It has
an impact on cell metabolism through regulatory effects,
especially on the inflammatory response process of the
body, and can also affect the treatment process of diseases.
Compared to healthy individuals, the miR-146a level in

the peripheral blood of T2DM patients is relatively low.
The main reason for its low level is that T2DM patients
have significant susceptibility, and there are different diffe-
rences in the treatment effects of zinc sulfate among DPN
patients with different miR-146a genotypes. This research
topic provides important evidence for clinical disease
treatment by analyzing the susceptibility of the miR-146a
gene's peptide polymorphism in the treatment of DPN pa-
tients with zinc sulfate. The research content is reported
as follows.

Materials and Methods

General Data

106 T2DM-DPN patients who were treated in our hos-
pital from Jan. 2020 to Jan. 2022 were chosen for inves-
tigation and data collection. Both groups were treated
with zinc sulfate, and after 3 weeks of treatment, patients
were separated into groups grounded on their therapeutic
effects. The ineffective treatment group consisted of 37
cases; The effective treatment group consists of 79 cases.
Comparative information includes two groups: gender,
age, T2DM course, course of DPN, BMI, Fasting plasma
glucose (FPG), Systolic blood pressure (SBP), Diastolic
blood pressure (DBP), Triglyceride (TG), Glycosylated
hemoglobin (HbAlc), Low-density lipoprotein (LDL),
Human total cholesterol (TC), High-density lipoprotein
(HDL) and Insulin resistance index (HOMA-IR). There
was a statistically insignificant difference in the compari-
son of the above data (P>0.05) (Table 1).
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Inclusive criteria & Exclusive criteria
Inclusion criteria

(A) Clinical symptoms (overeating, drinking, and uri-
nation) were evaluated. Patients with FPGof more than 7.0
mmol/L, random blood glucose of more than 11.1 mmol/L,
or HbAlc of more than 6.5% were diagnosed as diabetes,
and the course of the disease was more than 1 year; (B)
Comply with the diagnostic criteria related to DPN in the
2017 Diabetes Prevention and Control Guide (5); (C) Peri-
pheral neuropathy occurs when or after the diagnosis of
diabetes; (D) There are obvious symptoms of limb pain,
numbness, and sensory abnormalities.

Exclusion criteria

(A) Neuroconductive dysfunction caused by long-term
medication or alcohol consumption; (B) Peripheral neuro-
pathy caused by osteoarthritis, cervical and lumbar spine
diseases, and stroke; (C) Patients with lymphangitis or
venous thrombosis; (D) Severe dysfunction of the heart,
lungs, liver, and kidneys in the body; (E) Patients with
bone metabolism abnormalities, immune system diseases,
or malignant tumors.

Research Methods
Treatment method

All patients were treated with blood sugar control and
zinc sulfate medication. Blood sugar treatment control:
to give medical advice. Patients follow the advice to ap-
ply hypoglycemic drugs or monitor blood sugar levels
through insulin injection. The patient needs to maintain a
FPG level of 4.0~7.6mmol/L, and a blood glucose level of
7.0~10.0mmol/L at 2 hours after meals. Lipoic acid medi-
cation: Zinc sulfate 600mg (Manufacturer: Yantai Zhichu
Pharmaceutical Co., Ltd.; National drug approval number:
H20080523; Specification: 300mg/piece), once daily for
3 weeks. After three weeks of treatment, the therapeutic
effect was evaluated.

Grouping method

According to the DPN diagnostic and treatment stan-
dards, the advanced electromechanical evoked poten-
tial system is adopted to comprehensively evaluate the
effectiveness of drug treatment by evaluating the limb
nerve conduction velocity of patients’ pre/post-treatment.
Significant effect: The clinical symptoms of the periphe-
ral nerves in the limbs almost disappear, and the tendon
reflex shows a normal state. The SNCV and MNCV have
increased by >5.0m/s compared to the pre-treatment velo-
city level, or have already reached normal human velocity
levels. Effective: There are basically no clinical symptoms
of peripheral nerves, and there is a significant improve-
ment in tendon reflexes. The improvement of SCV and
MCYV is within the range of 3.0-5.0m/s compared to be-
fore treatment. Invalid: All symptoms are improved. Total
effective rate= (significant+effective)/total numberx100%.
The final patient will be divided: effective; ineffective.

Observation indicators and evaluation criteria
General information

Based on the research content, the investigator made
a self-made general data collection form for evaluation.
The collected content mainly includes gender, age, T2DM
period, FPG, TC, TG, DPN course, BMI, blood pressure,
HbAlc, HDL, LDL, and HOMA-IR.

Laboratory index evaluation

The patient was instructed to take SmL of fasting ve-
nous blood (FVB) in the morning and place it in a com-
mon blood collection vessel, keep it at room temperature
for 30min, and centrifugate it for 15min with a high-speed
cryogenic centrifuge at a speed of 3500 rpm after it was
coagulated. Obtain serum for testing and application.

FPG, TC, TG, HDL, LDL

These are all evaluated using fully automated bioche-
mical analysis instruments. HbA 1c: In addition, the patient
was instructed to extract 2mL of fasting venous blood in
the morning and place it in the anticoagulant tube for de-
tection by high-performance liquid chromatography. HO-
MA-IR: It first uses serum to detect Fasting serum insulin
(FINS) values through a fully automated biochemical che-
miluminescence immunoassay analyzer, and then uses the
formula HOMA-IR=FPGXFINS/22.5 for calculation (6).

miR-146a polymorphism assessment

The patient needs to take 1mL of FVB in the mor-
ning and place it in an EDTA anticoagulant tube. DNA is
extracted using the whole genome DNA kit of the blood.
To select the miR-146a gene probe sequence and primers.
The upstream primer in the miR-146a gene is 5'-GAACT-
GAATTCCATGGGTTTGT-3', and the downstream primer
is 5'-GCCCACGAT-GACAGAGATCC-3"; Gene probe
sequence: 5-FAM-TCAGACCTGAAATT-MGB-3' is the
specific sequence of probe G allele, and 5-HEX-TCA-
GACCTCTGAAATT-MGB-3' is the specific sequence of
probe C allele. The 7500 real-time polymerase chain reac-
tion (PCR) system is applied to detect specific gene types
and evaluate the amplification of target fragments (7). The
specific conditions for the system reaction are: preheating
temperature of 50°C and time of 2 minutes; Observing the
pre-denaturation in an environment with a temperature
of 95°C for 10 min; Performing denaturation at the same
temperature for 15s; Reducing the temperature to 60°C
and anneal for the 40s, continuously implementing a total
of 55 cycles. TagMan classification uses a double-blind
method for evaluation and judgment.

Clinical Symptom Scoring

Evaluated by investigators using the Toronto Clinical
Scoring System (TCSS). The system consists of three
parts, including neural reflex, neural symptoms, and sen-
sory function (8). (I) Neural reflex: Knee reflex and ankle
reflex, both lower limbs are normal, with a score of 0; (II)
Neural symptom assessment: Symptom items include pain,
limb numbness, fatigue, needle-like sensation, and similar
upper limb symptoms, all of which are normal and scored
0 points, while those with symptoms are scored 1 point;
(III) Sensory function evaluation: Symptom items include
right toe pain, tactile pressure, temperature, position, and
vibration, with 1-point for abnormal states and 0 for nor-
mal states. The total score of the system is 0-19 points, and
the lower the score, the lighter the patient's symptoms.

Statistical analysis of data

SPSS26.0 was used to test the data, and the number of
cases (n) and rate (%) were used to describe the counting
data. x-tests were performed between groups. The mean
+ standard deviation (X+s) is used to describe the mea-
surement data (normal distribution), and the independent
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samples are compared before and after treatment by t-test.
P<0.05 indicates a statistically meaningful distinction.

Results

Comparison of baseline data information between two
groups

There was a statistically meaningless distinction in
gender, age, duration of T2DM, duration of DPN, BMI,
blood pressure, FPG, HbAlc, TC, TG, HDL-C, LDL-C,
and HOMA-IR between the2 sets (P>0.05) (Table 1).

Comparison of genotype and allele frequency between
two groups
The genotype frequencies of alleles G and GG in effec-

Table 1. Comparison of baseline data information (X £s, %).

tive less than those in ineffective; The frequency of alleles
C and CC in effective was higher. The difference in conclu-
sions between them was statistically meaningful(P<0.05)
(Table 2).

Comparison of MNCV and SNCYV levels in DPN pa-
tients with different miR-146a genotypes before and
after treatment

There was no significant difference in MNCV and
SNCYV of GG and GC genotypes of the median nerve and
common peroneal nerve in DPN patients on pre and post-
treatment (P>0.05). After treatment, the levels of MNCV
and SNCV of CC genotype median nerve and common pe-
roneal nerve were greatly higher than that post-treatment
(P<0.05) (Table 3 and Figure 1).

L gender The course of T2DM  The course of DPN
Division n Age of years
male female (year) (year)
ineffective group 37 20 17 54.31+5.67 8.42+2.16 1.67+0.27
effective group 69 30 39 54.61+5.08 8.53+£2.09 1.71£0.19
Xt 1.081 0.278 0.255 0.888
P 0.298 0.781 0.799 0.376
L. Blood pressure (mmHg)
Division n BMI (kg/m?) FPG (mmol/L) HbATlc (%)
SBP DBP
ineffective group 37 21.67+2.24 132.51+12.08 76.89+6.48 9.47£2.06 10.34+1.09
effective group 69 21.83£2.10 132.73+11.98 77.01£5.29 9.58+2.11 10.48+1.02
Xt 0.365 0.090 0.103 0.258 0.658
P 0.716 0.929 0.918 0.797 0.512
Division n TC (mmol/L) TG (mmol/L) HDL (mmol/L) LDL (mmol/L) HOMA-IR
Control group 37 4.75£1.13 1.59+0.24 1.20+£0.26 2.64+0.57 3.29+1.64
gr’;%e;memal 69  4.93+1.05 1.60+0.07 1.24+0.19 2.77+0.49 3.57+1.57
Xt 0.819 0.043 0.905 1.229 0.862
P 0.415 0.966 0.367 0.222 0.391

Table 2. Comparison of genotype and allele frequency [n (%)].

Genotype

Allele (n=128)

Division n
GG

GC

CC G C

ineffective group 37
effective group
x2 4.485
P 0.034

19 (51.35) 16 (43.24)
69 21(30.43) 12(17.39) 36(52.17) 53 (36.30) 93 (63.70)
8.281
0.004

2(5.41) 53(80.30) 13 (19.70)

22.907
0.000

27.353
0.000

53.041
0.000

Table 3. The comparison of MNCV and SNCV levels in DPN patients with different miR-146a genotypes (X £s).

MNCYV (m/s)

Nervus medianus

Nervus peroneus communis

after treatment

before treatment  after treatment

39.27+£3.99% 34.98+3.19 35.28+4.007

40.05+4.11% 33.48+4.06 35.01+£3.67*

44.694+4.72° 34.76+4.38 40.87+3.56"
SNCV (m/s)

Nervus medianus

Nervus peroneus communis

GenotypemiR-146a n

before treatment
GG 40 38.94+3.78
GC 38 38.51+3.39
CC 38 37.76+4.06
GenotypemiR-146a n

before treatment
GG 40 32.24+3.16
GC 38 33.40+3.09
CC 38 32.18+3.75

after treatment

before treatment  after treatment

33.45+3.20% 36.06+3.24 36.29+3.07%
34.09+4.15% 36.27£3.51 37.06£3.61%
42.57+4.71" 34.72+2.67 40.88+3.82°
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Figure 1. Comparison of MNCV and SNCV levels in DPN patients
with different miR-146a genotypes before and after treatment.

Comparison of DPN patients with different miR-146a
genotypes

The TCSS scores of GG, GC, and CC genotypes of pre-
treatment were greatly lower(P<0.05) (Table 4).

Discussion

The incidence rate of chronic complications in T2DM
patients increases with the prolongation of the course of
the disease. Long-term high blood sugar can cause a disor-
der of the body's supply system, lead to the metabolic di-
sorder of peripheral nerve cells, and ultimately lead to the
occurrence of DPN. Clinical studies have shown that the
pathogenesis of DPN is very complex and occurs under the
combined action of multiple factors. Genetic susceptibility
factors are an important basis for its occurrence, and the
disorder of glucose and lipid metabolism in the body acti-
vates the inherent immune mechanism, leading to chronic
inflammation. During the entire process of damage to sur-
rounding neurons, a large amount of oxygen free radicals
are produced in local tissues, which not only leads to oxi-
dative damage to neurons but also can downstream NF-
kB mediates inflammatory damage (9). The interaction
between oxidative stress and inflammatory response states
in the body plays a joint role in nerve cell damage. As a
signal pathway hub, NF-kB mediates oxidative stress and
inflammatory response and is an important central link in
the occurrence of DPN in diabetes (10). The clinical treat-
ment plan for T2DM complicated with DPN is early detec-
tion, early treatment, and improvement of clinical symp-
toms to delay the condition. However, the early symptoms
of complications are not significant and difficult to detect,
making early clinical diagnosis more difficult. Therefore,
how to screen high-risk patients with T2DM complicated

by DPN and diagnose and implement treatment as soon
as possible is an urgent focus for clinical attention (11).
Zinc sulfate is a strong antioxidant. When the drug acts on
the body, it can effectively eliminate oxygen free radicals
in cells and promote the restoration of blood flow on the
neurointimal surface to a normal state. Meanwhile, zinc
sulfate can improve nerve conduction constraints, en-
hance the body's antioxidant capacity, and avoid oxidative
stress damage caused by lesions, making it an important
means of clinical treatment for DPN (12). The mechanism
of action of clinical zinc sulfate in treating DPN is clo-
sely related to NF-xB. High blood sugar levels can lead
to oxidative stress, increasing the activity of NF-kB, and
subsequently causing the expression of NF-«B subunit
P65 as an important metabolic mechanism (13). On the
basis of controlling blood sugar in diabetes patients with
DPN, zinc sulfate treatment can contact the inflammatory
memory function of the body. Drug treatment can signifi-
cantly reduce the oxidative stress state of the body of DM
patients, which inhibits NF-«B, reduces the inflammatory
reaction of the body, and plays a protective role on patho-
logical histiocytes (14).

miR-146a owns an essential role in the occurrence of
inflammation, tumor diseases, and immune diseases in the
body, and inflammation is one of the important conditions
that regulate miR-146a (15). miR-146a with dysregula-
ted expression will indirectly affect NF-xkB by targeting
IRAKI1 and TRAF6 proteins mechanism, which occurs a
major role in regulating the occurrence of DPN.miR-146a
is mainly located in the second exon of the LOC285628
gene on chromosome 5 in the human body. The gene
contains a pre-miR-146aC/G variant gene encoding
2910164. The base substitutions of the G to C genotypes
mentioned above are mainly located in the hairpin struc-
ture of the pre-miRRNA follower chain, which will have
a serious impact on the efficiency of generating nucleus
pre-miR-146 and the mature expression of miR-146a. This
will lead to a decrease in free energy, further affecting the
mature expression of miR-146a (16). There is a close rela-
tionship between the polymorphism of the Rs910164 gene
and the expression level of miR-146a. The expression le-
vel of miR-146a is lower in GG-type patients than in CC-
type genes, and the risk of DPN is significantly increased
(17). This study showed that the allele G and GG genotype
frequencies in the zinc sulfate treatment effective group
were lower than those in the ineffective group, while the
allele C and CC gene frequencies in the invalid set were
higher. This indicates that the CC genotype has a signifi-
cant effect in zinc sulfate drug therapy, but the treatment
effect on GG genotype is not ideal.

DPN still lacks specific treatment plans and methods
in clinical practice, and currently, only symptomatic treat-
ment is carried out through blood sugar control and drug
nutrition for nerve cells. However, this treatment plan can
only alleviate clinical symptoms and signs, and has lower

Table 4. Comparison of TCSS scores of DPN patients with different miR-146a genotypes (X £s, points).

TCSS score (points)

Different miR-146a genotypes n t P
before treatment  after treatment

GG 40 9.18+1.20 6.98+1.14 8.406 0.000

GC 38 9.21+1.25 6.05+1.10 12.003  0.000

CcC 38 9.25£1.22 5.28+1.16 14915  0.000
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significance in improving the condition. Zinc sulfate, as
a coenzyme, exists in the mitochondrial enzyme and can
be biotransformation into reduced dihydrogen sulfate (18).
The application of sufficient doses of zinc sulfate can ef-
fectively eliminate free radicals and chelated metal ions in
the body, enabling them to generate other antioxidants and
have significant antioxidant effects. When drugs exert their
effects, they can inhibit the oxidative stress state of nerves,
accelerate cell metabolism, promote tissue blood flow rate,
and help improve nerve conduction velocity (19). Zinc
sulfate, as a powerful antioxidant with multiple functions,
can prevent the glycosylation of proteins in the body. At
the same time, it can also inhibit aldose reductase, thereby
reducing the production of sorbitol and improving the cli-
nical symptoms of DPN (8). This research survey shows
that after treatment, the levels of MNCV and SNCV of CC
genotype median nerve and common peroneal nerve are
higher than those before treatment. This indicates that zinc
sulfate therapy has the most significant effect on the reco-
very of nerve conduction velocity in CC genotype patients
among the three genotypes, and zinc sulfate therapy can be
used alone for treatment (20). The improvement of nerve
conduction velocity in CG and GG genotype patients is
not significant, indicating that miR-146a polymorphism
can affect the effectiveness of drug treatment. On the basis
of implementing zinc sulfate drug therapy for two non-ef-
fective genotypes, genotype factors should be considered
and other drug combinations should be added to improve
treatment effectiveness. After treatment, the TCSS scores
of DPN patients with various genotypes were lower than
before treatment. This indicates that zinc sulfate treatment
can improve disease symptoms to a certain extent in all
genotypes of DPN patients with T2DM, and also has a cer-
tain effect on prognosis and rehabilitation (21).

In summary, the miR-146a polymorphism can have a
certain impact on the implementation of zinc sulfate treat-
ment for DPN in T2DM patients, increasing disease sus-
ceptibility and reducing drug treatment efficacy. Among
them, GG genotype T2DM patients have the highest sus-
ceptibility and the worst treatment effect; The suscepti-
bility of CC genotype T2DM patients is lower, and the
treatment effect is significant. The miR-146a polymor-
phism can serve as an early predictive indicator for the
prognosis of DPN treated with zinc sulfate, providing a
reference basis for disease prognosis evaluation. CC geno-
type patients can achieve significant results by implemen-
ting zinc sulfate treatment alone. For patients with GG and
GC genotypes, early treatment with methylcobalamin can
be combined to improve treatment effectiveness.
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