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Objective: The purpose of this study was to investigate the relationships between TP53
Pro724rg (rs1042522) polymorphism and susceptibility to type 2 diabetes (T2DM) and its
related complications.

Methods: The TP53 Pro72A4rg polymorphism was genotyped by polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) method in 206 T2DM patients and
446 healthy controls. Mitochondrial DNA (mtDNA) content, mtDNA transcriptional level
and large-scale mtDNA deletion were evaluated in leukocytes of T2DM patients using
fluorescence-based quantitative PCR (FQ-PCR), reverse transcriptase-quantitative PCR (RT-
gPCR) and long-range PCR approaches, respectively. The data of our study were processed
by GraphPad Prism software (version 7.00).

Results: The distribution of 7P53 Pro72Arg differed in T2DM patients from the controls, with
a moderately increased proportion of 7P53 Arg72 variant carriers (Pro/Arg and Arg/Arg geno-
types) (88.3% vs 81.2%, p=0.022; OR=1.089, 95% CI=1.018-1.164). T2DM patients with Arg/
Arg genotype had significantly decreased prevalences of diabetic neuropathy and retinopathy
compared to those without (6.5% vs 19.4%, p=0.018 and 14.8% vs 30.7%, p=0.018, respec-
tively). T2DM patients with Arg/Arg genotype had higher mtDNA content and mtRNA expres-
sion level than those who were not Arg/Arg genotype (p<0.05 for all), and we did not observe
mtDNA 4977-base pair (bp) deletion mutations in the leukocytes of T2DM patients.
Conclusion: There was a significant association of the T7P53 Pro72Arg polymorphism with
susceptibility to T2DM, and the homozygous Arg/Arg genotype of this gene locus might be
a protective factor for diabetic complications. Those results suggested that the TP53 Arg72
variant had a different association with type 2 diabetes and its complications, and it might be
related to mtDNA maintenance of the TP53 Arg72 variant under hyperglycemia-induced
stress.

Keywords: TP53, type 2 diabetes mellitus, complication, mtDNA content, mtRNA, mtDNA
maintenance

Introduction

Diabetes mellitus (DM) is a lifelong disease, and it remains an extremely important
public health problem because of its high prevalence and serious complications in
the whole world.! There are two principal forms of diabetes, type 1 and type 2
diabetes mellitus,' of which type 2 diabetes (T2DM), non-insulin-dependent dia-
betes, is a set of dysfunctions characterized by hyperglycemia resulting from insulin
resistance and/or insufficient insulin secretion from pancreatic B-cells,”* and it
accounts for roughly 90% of all cases worldwide.'~
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Evidence has revealed that tumor suppressor protein
pS53 (TP53) plays an important role in developing DM,
because it is involved in regulating insulin resistance of
target tissues’ and P-cell dysfunction.® In human,
a common polymorphism of CCC/CGC base transversion
at the codon 72 of TP53 gene causes a change of a proline
residue (CCC, Pro72) to an arginine residue (CGC,
Arg72), and is named TP53 Pro72Arg (p.Pro72Arg) poly-
morphism. The TP53 Pro72A4rg polymorphism is located
in the functional region of proline-rich domain that can
cause alterations of TP53 biological function.” Functional
analyses showed that the TP53 Arg72 variant tend more to
target mitochondria and had higher pro-apoptotic activity
than the TP53 Pro72 wvariant during cellular stress
response.” Studies suggested that the common polymorph-
ism was associated with body weight regulation and devel-
opment of diabetic phenotypes.” However, the relationship
between TP53 Pro72Arg polymorphism and T2DM sus-
ceptibility remained controversial.'®'" Thus, whether the
common polymorphism is an underlying risk factor for
T2DM and related complications needs further studies in
other populations. Given that mitochondria-targeted TP53
influences mtDNA damage repair,'> we postulated that the
TP53 Arg72 variant could affect mitochondrial physiolo-
gical function under hyperglycemic stress in T2DM
patients, and might play a protective role in the develop-
ment of diabetic complications.

The aim of the present study is to examine the associa-
tion of the TP53 Pro72Arg polymorphism with T2DM risk
and diabetic complication occurrence, and to explore the
effect of this functional polymorphism on mtDNA genome
maintenance. We conducted this case-control study in
a Chinese Han population and investigated mtDNA

content, mtDNA 4977 deletion and transcriptional level
of the mitochondrial genes in the cells of T2DM patients.
The results further demonstrated the 7P53 Arg72 variant
was a genetic risk for T2DM, and the homozygous Arg/
Arg genotype of this locus was associated with mtDNA
maintenance in the cells of T2DM patients which might
lower risk for diabetic complications.

Materials and Methods

Study Subjects

A total of 206 unrelated T2DM patients (mean age: 62.5 +
12.6 years old) were randomly recruited at the Second
Affiliated Hospital of Nanjing Medical University from
August 2017 to May 2018, and T2DM was diagnosed
according to the criteria for classification and diagnosis
of diabetes.!® The non-diabetic controls, matched for race,
age and gender, were randomly selected from persons who
came to this hospital for routine physical health checkup.
Detailed interviews and laboratory data were made for
each person, and subjects were recruited when their fasting
blood glucose level was less than 6.1 mmol/L, and who
had no pharmacological treatment at time of the experi-
mental session. The subjects, including the patients, were
ruled out if they were suffering from acute inflammation,
autoimmune diseases, tuberculosis, cancer, cardiovascular
diseases. Eventually 446 Chinese non-diabetic individuals
(mean age: 62.5 = 12.9 years old) were recruited and
served as the control group. Patient charts were reviewed,
and the clinical characteristics, such as past disease his-
tory, family history of diabetes, body mass index (BMI),
hemoglobin Alc (HbAlc) level and diabetes-related
complications were recorded. For the complications,
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diabetic nephropathy was defined as a urinary albumin/
creatinine ratio of 30 mg/g or greater.

The study was approved by the local ethics committee
of the Second Affiliated Hospital of Nanjing Medical
University and was performed in accordance with the
principles of the Declaration of Helsinki. All works on
sample collection and processing were carried out with the
informed consent from all subjects. Whole-blood sample
was obtained from each subject in the morning after an
overnight fast and collected in a citrate-anticoagulated
tube.

DNA Extraction and Genotyping

Genomic DNA was extracted from the blood samples by
a TIANamp Genomic DNA Kit (TTANGEN) and quanti-
fied by spectrophotometry. Genotyping of 7P53 Pro72Arg
was determined by a polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) method with
forward primer 5-GTCAGATCCTAGCGTCGAGC-3' and
reverse primer 5- GCAAGAAGCCCAGACGGAAA-3,
and followed by the Sanger sequencing of 10% samples
with the heterozygous or homozygous variant (Figure S1).
Sanger sequencing of PCR product was performed with
the forward or reverse primer and BigDye Terminator v3.1
kit on ABI PRISM 3130 Genetic Analyzer (Applied
Biosystems).

Relative mtDNA Content Determination
We chose two mtDNA fragments of MT-ND1 and MT-CO2
genes and a nuclear genomic fragment of S-2-microglobu-
lin (f2M) gene (primer sequences shown in Table S1), to
reflect the levels of mtDNA content and nuclear genomic
content, respectively. The mtDNA content was determined
by fluorescence-based quantitative PCR (FQ-PCR) on
ViiA Real-Time System (Applied Biosystems) with
SYBR Green PCR Master Mix (Applied
Biosystems). FQ-PCR was performed with 10 ng of total

Power

DNA, and the PCR cycling condition was 1 cycle for
3 min at 95°C, followed by 40 cycles for 5 s at 95°C,
and 30 s at 60°C. The relative mtDNA content was esti-
mated by calculating the ratio between mitochondrial frag-
ment and nuclear fragment signals of each sample.

MtDNA Deletion Analysis

MtDNA with 4977 bp deletion mutation (mtDNA4977) is
more common in cells with severe oxidative stress. The
mtDNA4977 deletion, from nucleotide position (np) 8469
to np 13447, was analyzed by PCR approach with 5'-

CCGGGGGTATACTACGGTCA-3’
ATAGCTTTTCTAGTCAGGTT-3'
PCR amplification was performed with Vazyme LAmp
Master kit (Vazyme) as follows: 25 ng total DNA in
a reaction mix of 50 pL with dNTPs at 200 uM for each
nucleotide, 1.5 mM final concentration of Mg*", 20 pmol

(forward) and 5'-

(reverse)  primers.

each primer and 1.5 units of DNA polymerase, and PCR
cycling condition was 5 min of initial denaturation at
94°C, 36 cycles of denaturation (94°C for 30 s), annealing
(58°C for 30 s) and extension (72°C for 10 min), and
a final 10 min of extension at 72°C. Finally, the PCR
products were separated on 0.8% agarose gels, and were
either 894 bp fragment (4977 bp mtDNA deletion) or 536
bp fragment (5335 bp mtDNA deletion) or/and 5871 bp
fragment (wild-type mtDNA) based on the type of
deletion.

MtDNA Transcription Analysis

Reverse transcriptase-quantitative PCR (RT-qPCR) was
used to assess the expression levels of mitochondrial gen-
ome in the cells of T2DM patients. Firstly, peripheral
blood mononuclear cells (PBMCs) were isolated from
whole-blood
Gradient. Total RNAs were extracted using TRIzol reagent

patient’s samples using Ficoll Density
(ambion by Life Technologies) and treated with 2
U DNase I. Then, 500 ng of total RNAs were transcribed
with All-in-One First-Strand cDNA Synthesis Kit accord-
ing to the manufacturer’s instruction, and the RT-qPCR
assay was performed to quantify the gene expression of
interest using the specific primers and Power SYBR Green
PCR Master Mix (Applied Biosystems) on the ABI ViiA
Real-Time System. The quantitative PCR cycling condi-
tions consisted of one 3-min cycle at 95°C, followed by 40
cycles at 95°C for 5 s and 60°C for 30 s. The primer
sequences for the RT-qPCR experiment are listed in the
Table S1.

Six mtDNA-encoded genes of interest were MT-
RNR2, MT-CO1, MT-CO2, ATPase6, MT-ND1 and MT-
CYB, mtDNA

transcriptional activity. Results of these mitochondrial

and they were wused to assess
gene expressions were quantified by the 2" method
and normalized with GAPDH expression. Each cDNA
sample had triplicates, and all PCR reactions were inde-
pendently triplicated to ensure the result reproducibility.
The PCR amplification efficiency was validated, and the
melting curve analysis was done to verify non-specific

PCR products.
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Statistical Analysis

All statistical analyses were carried out by GraphPad
Prism software (version 7.00). The categorical variables
were analyzed using chi-square test, and the comparisons
of numeric variables between two groups were conducted
by a nonparametric Mann—Whitney test. Numeric vari-
ables in the three genotype groups were compared using
ANOVA or Kruskal-Wallis test followed by a two-stage
linear step-up method of Benjamini, Krieger and Yekutieli
to correct for multiple comparisons with desired false
discovery rate of 0.05. Genotype distributions in diabetic
and non-diabetic populations were tested by a goodness-of
-fit chi-square test for departure from Hardy—Weinberg
equilibrium (HWE). P<0.05 was considered statistically
significant. Based on genotype frequency of the TP53
Pro724rg polymorphism in the general Chinese Han
population (data come from CHB/HCB population of
dbSNP build 151) and a small sampling of T2DM patients,
the model of inheritance in the present study was consid-
ered as dominant model. Sample size of this study was
estimated using free Power and Sample Size Calculator
(http://powerandsamplesize.com/) with the variables set as

follows: case-control study, sample ratio = 2, and 80%
power with type 1 error o = 0.05.

Results
TP53 Arg72 Variants Have Different
Association with Type 2 Diabetes and Its

Complications

A total of 206 T2DM and 446 non-diabetic participants
enrolled in this study, and the baseline characteristics are
shown in Table S2. The patients ranged from 36 to 90
years old with a median age of 63.0. Most of the patients
(53.4%, 110/206) were male, and the remaining 46.7%
patients (96/206) were female (Table S2). Seen from the
genotype distribution of 7P53 Pro72Arg polymorphism in
the patients, 11.7% (24/206) patients were homozygous for
the Pro variant (Pro/Pro genotype), 30.0% (62/206)
patients were homozygous for the Arg72 variant (4Arg/Arg
genotype) and the rest (58.3%, 120/206) were heterozy-
gous (Pro/Arg genotype) (Table 1). In the control group,
median age was 64.0 years old, and age ranged from 36 to
90 years old; 225 (50.4%) controls were male (Table S2).
Pro/Pro was detected in 84 (18.8%), Pro/Arg in 240
(53.8%) and Arg/Arg in 122 (27.4%) of the controls inves-
tigated (Table 1). Our data demonstrated a significant
deviation to Hardy—Weinberg equilibrium in the T2DM

Table | The Distribution of TP53 Pro72Arg Polymorphism in the
T2DM Patients and Non-Diabetic Controls

Genotype/ Patients, Control, P value OR
Allele N =206 N = 446 (95% CI)
n (%) n (%)
Pro/Pro 24 (11.7) 84 (18.8) 0.268
Pro/Arg 120 (58.3) 240 (53.8)
ArglArg 62 (30.0) 122 (27.4)
Pro/Arg+Arg/ 182 (88.3) 362 (81.2) 0.022 1.089
Arg (vs Pro/ (1.018-
Pro) 1.164)
Arg72 0.592 0.543 0.093 1.091
variant (0.987—
1.207)
HWVE test =875 =315
p = 0.003 p =0.076

Note: Bold type indicates a statistically significant difference (p<0.05).
Abbreviations: OR, odds ratio; 95% Cl, 95% confidence interval; HWE, Hardy—
Weinberg equilibrium.

patient population ()(2=8.75, p=0.003) but not in the non-
diabetic controls (y’=3.15, p=0.076) (Table 1). The statis-
tical analysis showed that there were no differences in
(p=0.268)
(Table 1). However, TP53 Arg72 variant frequency in

genotype frequency between two groups

patients (59.2%) was higher than that in controls
(54.3%), showing a borderline, but not significant, differ-
ence (p=0.093) (Table 1). It was observed that the propor-
tion of carriers with 7P53 Arg72 variant (who had Pro/Arg
or Arg/Arg genotype) was higher in patients than that in
controls (88.3% versus 81.2%, p=0.022), and the OR was
estimated to be 1.089 (95% CI =1.018-1.164) (Table 1).
The subgroups of T2DM patients with different 7P53
Pro72A4rg genotypes were similar with respect to age (age
at study and onset age) and sex distribution, diabetic
duration, BMI, hypertension, positive family history,
HbAlc levels, lipid profiles and insulin use (p>0.05)
(Table 2). In addition, prevalences of diabetic nephropathy
were also similar among the three TP53 Pro72A4rg geno-
type groups (Table 2 and Figure 1). However, we found
that the prevalence of diabetic neuropathy in patients who
harbored the Arg/Arg genotype (6.5%) was unexpectedly
lower than in those who had the Pro/Pro genotype (25.0%,
p=0.016) or heterozygous genotype (18.3%, p=0.030)
(Table 2 and Figure 1). We observed that patients with
the had

Arg/Arg  genotype significantly ~decreased
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Table 2 Clinical Characteristics of T2DM Patients, Stratified According to the TP53 Pro72Arg Polymorphism
Pro/Pro Prol/Arg ArglArg P value

Age at study (years old) 59.8 + 13.1 62.0 + 13.3 64.5 + 10.8 0.239
Onset age (years old) 533119 522 + 123 545 +89 0.455
Duration of diabetes (years) 5 (8) 7 (11.5) 8 (29.5) 0.198
Sex (Male/Female) 10/14 70/50 30/32 0.209
BMI (kg/m?) 249 + 3.24 23.7 + 3.6l 245 + 3.63 0.173
Hypertension, n (%) 13 (54.2) 53 (44.2) 29 (46.8) 0.667
Family history, n (%) 7 (31.8) 30 (26.1) 19 (32.2) 0.656
HbAc (%) 9.39 + 1.68 9.0l +1.93 9.02 + 1.66 0.638
Triglyceride (mmol/L) 251 +2.17 1.98 + 3.06 2.54 +2.78 0.402
Total cholesterol (mmol/L) 5.02 + 1.28 497 £ 1.03 4.88 £ | .41 0.451
HDL-cholesterol (mmol/L) 1.36 £ 0.53 1.31 £0.38 1.33 £ 0.45 0.854
LDL-cholesterol (mmol/L) 292 + 1.42 3.06 £ 1.21 3.01 £ .31 0.877
Diabetic nephropathy, n (%) 8 (33.3) 42 (35.0) 19 (30.6) 0.840
Diabetic neuropathy, n (%) 6 (25.0) 22 (18.3) 4 (6.45) 0.044
Diabetic retinopathy, n (%) 7 (29.2) 36 (31.0) 9 (14.8) 0.058
Insulin use, n (%) 17 (70.8) 87 (72.5) 49 (79.0) 0.582

Notes: Data are presented as the mean * standard deviation (SD), median (quartile range) or number (percentage), and the bold type indicates a statistically significant

difference (p<0.05).

Abbreviations: BMI, body mass index; HbAc, hemoglobin Alc; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

prevalence of diabetic retinopathy compared to those with-
out (30.7% versus 14.8%, p=0.018) (Table 2 and Figure 1).

TP53 Pro72Arg Polymorphism Is
Associated with mtDNA Content and
Not with the mtDNA4977 Deletion

A comparison of mtDNA content showed significant dif-
ferences among the three genotype groups (p=0.002 for
MT-NDI index and p=0.004 for MT-CO2
(Figure 2). The results illustrated that patients who carried

index)

Arg/Arg genotype had significantly increased level of
mtDNA content than the heterozygotic ones (adjusted
p values were 0.002 and 0.008 for MT-NDI and MT-CO2
indies, respectively). Compared to patients with Pro/Pro,
those carrying Arg/Arg genotype still had more mtDNA
content, while it did not prove a statistical significance
(»=0.200 for MT-NDI index and p=0.143 for MT-CO2
index), and that might be because our small sample size
was underpowered to show statistical differences between
the two groups. Furthermore, we noted that the levels of
mtDNA content for both the MT-NDI and MT-CO2
indexes in patients with 4rg/Arg genotype were increased
significantly, when compared with that in those without
(the patients had Pro/Pro or Pro/Arg genotype) (p=0.002
and p=0.004, respectively) (Figure 2).

In order to investigate whether the 7P53 codon 72
polymorphism has an

impact on the integrity of

mitochondrial genome, we performed the analysis of com-
mon mtDNA4977 deletion in the blood cells of 206 T2DM
patients using long-chain PCR approach. In this detection
procedure, we failed to identify abnormal mtDNA
sequence deletion regardless of the TP53 Pro72A4rg geno-
types (Figure 3). This showed that there is no correlation
of this polymorphism with the common mtDNA4977 dele-
tion in the progress of diabetes.

Association of TP53 Pro72Arg
Polymorphism with Transcriptional

Activity of Mitochondrial Genome in the
PBMCs of T2DM Patients

We compared the expression levels of 6 mtDNA-encoded
genes, MT-RNR2, MT-CO1, MT-CO2, ATPase6, MT-ND]
and MT-CYB, among the PBMCs of T2DM patients with
different TP53 Pro72A4rg genotypes, to explore the asso-
ciation of this polymorphism with transcriptional levels of
mitochondrial genome. Statistically significant differences
in the expression levels of MT-CO2, ATPase6 and MT-
ND1 genes have been discovered among the three geno-
type groups (Figure 4), and the results from multiple
comparison tests revealed that the PBMCs from Arg/Arg
genotype patients had significantly higher mtRNA expres-
sion levels of MT-CO2, ATPase6 and MT-ND1 when com-
pared to those from the Pro/Pro genotype patients, with
adjusted p values of 0.014, 0.001 and 0.007, respectively,
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Figure | The diabetic complication rates of T2DM patients stratified according to TP53 Pro72Arg polymorphism. Numbers within the bars represent number of observed
patients with complications and total number of surveyed patients. Significant level in multiple comparisons among the three genotype groups was adjusted using Bonferroni
correction, and the p values in bold type were significant differences between the two groups.
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Figure 2 Association of the TP53 common polymorphism with mtDNA content in T2DM patients. Relative mtDNA content of the MT-ND | (A) and MT-CO2 (B) indexes in
leukocytes isolated from T2DM patients. Each solid circle represents one checked sample of the mtDNA content analysis. Lines across the scatter dot represent the median.
p<0.01 versus the merged group of Pro/Pro and Pro/Arg genotypes, by Mann—Whitney test.

or those from the Pro/Arg genotype patients, with adjusted  differences of MT-RNR2, MT-COl and MT-CYB gene

p values of 0.009, 0.001 and 0.007, respectively expressions among the three genotype groups (p=0.060,
(Figure 4). There were no statistically significant 0.061 and 0.301, respectively), but they did have the same
4264 https: International Journal of General Medicine 2021:14
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Figure 4 Association of the TP53 common polymorphism with mtRNA expressions in T2DM patients. Each solid circle represents one checked sample in RT-qPCR analysis.
Lines across the scatter dot represent the median. The p values in bold type were significant differences between the Arg/Arg group and the merged group of Pro/Pro and Pro/

Arg genotypes, by Mann—Whitney test.

trend, in which the highest expression levels of MT-RNR2,
MT-COI and MT-CYB genes were in the Arg/Arg group
(Figure 4). Even more interestingly, in all surveyed genes
but the MT-CYB, the mtRNA expressions were relatively
higher in the
merged group of Pro/Pro and Pro/Arg patients (Pro/Pro
+Pro/Arg group) (Figure 4).

Arg/Arg group compared with the

Discussion

The prevalence of type 2 diabetes has risen alarmingly
worldwide. Multiple evidence points out TP53 has an
important metabolic function and is required for home-
ostasis of lipid and glucose metabolism.'*'> These find-
ings confirmed that aberrant TP53 function was correlated

with development and advances of many metabolic
diseases,'” especially obesity'® and diabetes.® Study on
a mouse model showed that inhibition of TP53 activity
in adipose tissue markedly ameliorated senescence-like
changes, reduced pro-inflammatory response and
improved insulin resistance with diabetes-like disease.®
In ontology, TP53 is a key mediator of cellular response
to DNA damage, and is activated by exposure to genotoxic
or oxidative stress, resulting in DNA repair, cell-cycle
arrest or apoptosis, and determining cell fate towards
either survival or death.'” It primarily acts as a nuclear
transcription factor and is activated by oxidative stress and
DNA damage, participating in regulation of multiple cel-
lular the transcription-dependent

responses through
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pathways.'” Furthermore, TP53 protein can enter into
mitochondria and participate in the cell death regulation
and mtDNA maintenance. Studies have proved that TP53
protein can translocate to mitochondria in response to
increased ROS and directly or indirectly facilitate
mtDNA repair.'*'®

A large-scale candidate gene analysis suggested that
a common functional polymorphism, 7P53 Pro72Arg, was
significantly associated with susceptibility to type 2
diabetes.'” This association was replicated in other
studies.?*?! However, some controversial research showed
no significant differences of the incidence for metabolic
and pre-diabetic phenotypes between homozygous 7P53
Pro72 mice and homozygous IP53 Arg72 mice."
Therefore, we further explored the correlation between
this polymorphism and risk of T2DM and its complica-
tions in a Han Chinese population-based case-control
study. In the present study, we recruited 206 T2DM
patients and 446 non-diabetic controls. The sample size
was consistent with the theoretical sample size calculated
based on the dominant inheritance model of the Arg72 risk
variant in a Chinese Han population. We found that the
different distribution of TP53 Pro72Arg genotypes (Pro/
Pro, Pro/Arg and Arg/Arg) was not statistically significant
between the T2DM patients and the non-diabetic controls
(»p=0.268) (Table 1). Similarly, the frequency of the allele
was not statistically significant between the T2DM
patients and the non-diabetic controls (p=0.093)
(Table 1). However, 88.3% of the patients carried the
TP53 Arg72 variant (the G allele of TP53 Pro72Arg
locus, Arg/Arg and Pro/Arg genotypes), significantly
higher than the 81.2% who carried them in the controls
(»=0.22), and a significant deviation to Hardy—Weinberg
equilibrium was found in patients (p=0.003) (Table 1).
This different distribution of the TP53 Arg72 variant car-
riers between two groups supported that this variant might
be a genetic risk factor for T2DM.

With regard to the relationship between the genotype
of TP53 Pro72Arg polymorphism and clinical character-
istics of T2DM patients, no significant difference was
found in onset age, sex, obesity, hypertension, positive
family history, HbAlc and lipid levels between the three
genotype groups. It might be related to the variable inter-
fering factor of clinical characteristics in diabetic patients
such as hyperglycemia, eating habits or drug treatments.
In order to further clarify the relation between genetic
disposition and phenotypes, in addition to expanding the
sample size of T2DM patients, the differences of those

characteristics between genotype groups in the non-
diabetic controls should be examined. However, we unex-
pectedly found that the TP53 Arg72 variant was signifi-
cantly and negatively related to the development of
diabetic complications (Figure 1). These results suggested
that the homozygous TP53 Arg72 variant was associated
with a decreased risk for diabetic-related complications
and might be a protective factor in developing diabetic
complications. One of the major etiological factors for
diabetic complications is the continual hyperglycemia in
the circulation of T2DM patients.'** The prolonged expo-
sure to hyperglycemia is a potent inducer of reactive
oxygen species (ROS) and causes excessive production
of ROS through mitochondrial-related pathway in tissue
cells.”? Excessive ROS can stimulate a series of biochem-
ical changes, including cytokine dysregulation, abnormal
apoptosis signal transduction, as well as considerable
damage of biomacromolecules, that threaten physiological
function of the host tissues and/or organs, especially in the
nervous system and cardiovascular system.?* Of the ROS-
induced damage to biomacromolecules, the DNA damage
has been accumulating over time, which in severe cases
can lead to a drastic DNA damage response (DDR) and
finally result in cell cycle arrest, senescence and apoptosis
of the tissue cells.”> DNA damage in mitochondrial gen-
ome is in a “feed-forward”-like loop, with ROS causing
mtDNA damage, which in turn promotes ROS production
by mitochondrial-related pathway.”> Thus, TP53 is
involved in the maintenance of mitochondrial genome,
which can in theory protect tissue cells against hypergly-
cemia-induced oxidative stress. This is approximately
accordant to our results, and low prevalences of diabetic
neuropathy and retinopathy were noted in patients with
Arg/Arg genotype. Furthermore, results from comparisons
of mtDNA content and transcriptional levels among the
three different genotypes showed that high levels of
mtDNA content and mtDNA expression were associated
with Arg/Arg genotype. It supports a protective effect of
TP53 Arg72 variant for mitochondrial function of tissue
cells under hyperglycemia-induced oxidative stress. Thus,
we postulated that the causes of low prevalence of diabetic
complication in Arg/Arg genotype patients might be
ascribed to a more stable mitochondrial genome with
increased mtDNA transcriptional activity. The major
drawback of this study is the small sample size. Thus,
those results need further validation by correlating the
clinical characteristics and the severity of diabetic-
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related complications with the 7P53 Pro72Arg poly-
morphism in a large T2DM population.

Conclusion

Overall, our findings indicated that TP53 Pro72Arg poly-
morphism was a genetic risk factor of type 2 diabetes, and
the T7P53 Arg72 variant was associated with lower risk of
developing serious complications in the progress of type 2
diabetes. Further, the results from this study suggested that
the TP53 Arg72 variant had a positive impact on mito-
chondrial maintenance, and was associated with higher
mtDNA content and increased mtDNA transcriptional
level, which would confer lower prevalence of complica-
tion in patients carrying this gene variant.

Human and Animal Rights

The experiment is mainly to explore an association of 7P53
codon 72 polymorphism with type 2 diabetes mellitus and its
complications in humans; the study was anonymous and only
used currently existing medical data. The study was approved
by the local ethics committee and was performed in accor-
dance with the principles of the Declaration of Helsinki.
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