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Objective: In this study, transcriptome sequencing was performed on patients with type 2
diabetes mellitus treated with different prognosis to explore the differential level genes of
different hypoglycemic effects of sitagliptin.

Methods: Patients with newly diagnosed T2DM (within six months of diagnosis) were
selected as the study subjects. Patients were given sitagliptin 100 mg once a day orally.
After 12 weeks of regular drug therapy, the reduction in glycated hemoglobin was
compared before and after drug administration. The patients were then divided into two
groups: the significantly effective group (M) and the less effective group (N). High-
throughput sequencing of the transcriptome was conducted to detect the differential
expression levels of genes in peripheral blood mononuclear cells. Expanded sample size
validation of the candidate differential genes was conducted using reverse transcription-
polymerase chain reaction (RT-PCR).

Results: After 12 weeks of treatment with sitagliptin, high-throughput sequencing of the
transcriptome found that expression of the following genes was different when comparing
the significantly effective group (M) and the less effective group (N): ghrelin (GHRL),
insulin-like growth factor-1 (IGFIR), mitogen-activated protein kinase-3
(MAPK3), phosphatidylinositol-4,5-bisphosphonate 3-kinase, catalytic subunit delta
(PIK3CD), and the suppressor of cytokine signaling-3 (SOCS3). The validation results of RT-
PCR showed that, in the significantly effective group (M), the expression of IGFIR was

receptor

significantly increased (P = 0.034), the expression of MAPK3 was significantly reduced (P =
0.002), and the expression of SOCS3 was also significantly reduced (P < 0.001).
Conclusion: There was a significant difference in gene level between patients with sig-
nificant hypoglycemic effect and patients with poor hypoglycemic effect, and the expression
of IGFIR increased and the expression of MAPK3 and SOCS3 decreased.
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Introduction

As the prevalence of diabetes mellitus (DM) increases year by year, choosing
a reasonable and effective hypoglycemic program is particularly important for
glycemic control in patients with type 2 diabetes mellitus (T2DM).

Nowadays, a major consideration in the choice of treatment for DM is the
scientific selection of new drugs that are effective, safe, have few adverse effects,
do not aggravate complications, and also improve patient compliance.' In the
selection of a therapeutic protocol, it is also important to control the occurrence
of hypoglycemia and prevent weight gain as much as possible, taking into account

several factors, such as efficacy, cost, and adverse reactions.
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The dipeptidyl peptidase-4 (DPP-4) inhibitor can
reduce the endogenous inactivation of glucagon-like pep-
tide-1 (GLP-1) and elevate the level of endogenous GLP-
1, thus promoting insulin secretion in a glucose-dependent
manner, and also inhibiting glucagon secretion® in order to
achieve a hypoglycemic effect. Sitagliptin, an oral DPP-4
inhibitor, is the first agent of its class to be approved for
the treatment of adult patients with type 2 diabetes as
monotherapy or in combination with other antihypergly-
caemic agents.” Sitagliptin has the following advantages: it
does not increase the risk of hypoglycemia, it does not
cause an increase in body weight, it does not aggravate the
risk of heart failure, and it has few adverse effects on the
digestive tract. The hypoglycemic effect of DPP-4 inhibi-
tors was observed in clinical treatment studies in T2DM:
results showed that the inhibitors reduced glycated hemo-
globin Alc (HbAlc) by between 0.4% and 0.9%.* '
However, in clinical application, it has been found that
the therapeutic effect of sitagliptin in lowering glucose in
patients with T2DM may vary from patient to patient.
Studies have found that the hypoglycemic effect of dipep-
tidyl peptidase (DPP-4) inhibitors shows obvious indivi-
dual 1415 The effect of
sitagliptin can reduce more HbAlc in patients with high

differences. hypoglycemic
glycosylated hemoglobin (HbAlc) and insulin sensitivity
index (HOMA-IR), or without metformin. Patients with
lower baseline body mass were more likely to reduce
HbAlc after treatment. Patients with high C-peptide, fast-
ing blood glucose (FBG) and HbAlc, or without metfor-
min decreased fasting blood glucose more significantly.
Patients with low body mass, BMI, HOMA-IR and insulin
levels, or without metformin or sulfonylurea, decreased
postprandial blood glucose more significantly.'®
Therefore, this study transcriptome sequencing was
performed on patients with type 2 diabetes mellitus treated
with different prognoses to explore the differential level
genes of different hypoglycemic effects of sitagliptin.

Materials and Methods

Experimental Reagent

Nebnext ultra RNA library prep kit for Illumina was
purchased from NEB, agency ampure XP from Beckman
Coulter, Bioanalyzer 2100 RNA-6000 nano Kkit,
Bioanalyzer 2100 DNA-1000 kit from agent, qubit RNA
HS assay kit, qubit dsDNA br assay kit from Life
Technologies, superscript II reverse transcriptase from
Invitrogen, DEPC Agarose was purchased from Sangong

Bioengineering (Shanghai), TransScript one step gDNA
removal and cDNA synthesis Supermix, trans2k DNA
marker and transzol up were purchased from all gold,
and QuantiNova SYBR Green kit was purchased from
Capgemini.

Study Grouping

Two Groups for the High-Throughput Sequencing of
the Transcriptome

The significantly effective group (M) and the less effective
group (N) each had three cases (M1-3, N1-3). Whole
transcriptome sequencing was conducted, with a total of
six samples from the two groups being sequenced in-
depth, and then the data were compared and analyzed.

Validation of Messenger RNA Expression

With the completion of ribonucleic acid (RNA) sequen-
cing, DEGs were screened from the results. Quantitative
PCR was carried out for patients in the significantly effec-
tive group and the less effective group, with 20 cases in
each group.

Transcriptome Sequencing

Study Subjects

A total of 6 gender- and age-matched patients aged
between 30 and 40 years with newly diagnosed T2DM
(within six months of diagnosis) were selected and treated
with sitagliptin 100 mg orally once a day for 12 weeks.
HbAlc levels before and after treatment were compared.
Patients with an HbAlc reduction of less than 0.4% fol-
lowing treatment were assigned to the less effective group,
and those with an HbAlc reduction of more than 0.9%
were assigned to the significantly effective group. There
were three patients in each group, two males and one
females, and all the above patients were unrelated. High-
throughput sequencing of the transcriptome was conducted
in the six cases to detect the differential expression levels
of genes in peripheral blood mononuclear cells.

Methods

PBMC Separation

3-5 mL of venous blood into anticoagulant tube, 4°C,
3000 rpm, centrifuge for 10 min, take supernatant and
store it in 0.5mL/tube. Add the remaining blood cells to
PBS to 5 mL, mix well, transfer to 15 mL centrifuge tube,
add lymphocyte separation solution (manufacturer), sepa-
rate PBMC samples according to the instructions of lym-
phocyte separation solution, and store them in —80 °C
low-temperature environment for use.
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RNA Extraction and Quality Control Table | Primer Sequences
Total RNA was extracted with TRLZOL from PBMC, and | gene Primer Sequences (5’ to 3) Molecular
RNA degradation and contamination was monitored on 1% Name Size
agarose gels. RNA purity was checked using the GHRLF CAGCTTTGCACAGTGGATGT 208bp
NanoPhotometer“spectrophotometer ~ (IMPLEN, ~ CA, GHRL-R CAGGTGTGACATGACTGCCT
USA). RNA concentration was measured using IGFIR-F TCGACATCCGCAACGACTATC 243bp
Qubit”RNA Assay Kit in Qubit®2.0 Fluorometer (Life | IGFIRR | CCAGGGCGTAGTTGTAGAAGAG
Technologies, CA, USA). RNA integrity was assessed | MAPK3-F | ATGTCATCGGCATCCGAGAC 156bp
using the RNA Nano 6000 Assay Kit of the Agilent :2:2;_1 :gé‘lg;ii?:g_ii’:éZE_GCA 1725
Bioanalyzer 2100 system (Agilent Technologies, CA, USA). PIGCDR | GETCAGGTGAGGGGTCAAC P
SOCS3-F CCTGCGCCTCAAGACCTTC 99bp
Library Preparation and Sequencing SOCS3-F GTCACTGCGCTCCAGTAGAA
A total amount of 1.5 ug RNA per sample was used as input B-Actin-F CATGTACGTTGCTATCCAGGC 250bp
material for the RNA sample preparations. Sequencing | P-Actin-R | CTCCTTAATGTCACGCACGAT

libraries were generated using NEBNext®UltraTMRNA
Library Prep Kit for Illumina®(NEB, USA) following manu-
facturer’s recommendations. Finally, products were purified
(AMPure XP system), and library quality was assessed on the
Agilent Bioanalyzer 2100 system. The clustering of the index-
coded samples was performed on a cBot Cluster Generation
System using HiSeq 4000 PE Cluster Kit (Illumina) according
to the manufacturer’s instructions. After cluster generation, the
library preparations were sequenced on an Illumina HiSeq
4000 platform, and 150 bp paired-end reads were generated.

Bioinformatic Analysis

Quality Control and Mapping. Raw data (raw reads) were
processed using NGS QC Toolkit. The reads containing
ploy-N and the low-quality reads were removed to obtain
the clean reads. Then, the clean reads were mapped to
Ensembl GRCh38 transcripts annotation using Tophat.
Analysis of differentially expression genes (DEGs), clus-
ter analysis, GO and KEGG enrichment FPKM value of
each gene was calculated using cufflinks, and the read
counts of each gene were obtained by htseq-count. DEGs
were identified using the DESeq functions estimate Size
Factors and nbinom Test. Log2 fold change >1 or <-1
and p-value <0.05 was set as the threshold for signifi-
cantly differential expression. Hierarchical cluster analy-
sis of DEGs was performed to explore genes expression
pattern. GO enrichment and KEGG pathway enrichment
analysis of DEGs were, respectively, performed using
R based on the hypergeometric distribution.

g-PCR Verification
Targeting the differentially expressed genes (DEGs),
a total of 40 cases of newly diagnosed T2DM patients

matched for gender and age were selected. Again, those
with an HbAlc reduction of less than 0.4% after treat-
ment were assigned to the less effective group, and those
with an HbAlc reduction of more than 0.9% were
assigned to the significantly effective group. There
were 20 cases in each group. The candidate DEGs
were validated by reverse transcription-polymerase
chain reaction (RT-PCR) with an expanded sample size
to screen for DEGs influencing the efficacy of sitagliptin
in lowering blood glucose. Fluorescence quantitative
95°C,
Denaturation, 95°C, 5 sec, 40 cycles; Annealing/elonga-

procedure: pre-denaturation, 2 min, once;

tion, 60°C, 30 sec. See Table 1 for primer sequence.

Statistical Analysis of Data

All data were expressed as the mean + standard deviation
(X +5). The SPSS19.0 software was used for statistical
analysis of the messenger RNA levels in each genome
for each group. The Student’s s-test was used for data
that satisfied the normal distribution, and P < 0.05 was
considered statistically significant. The rank sum test was
used for data that did not satisfy the normal distribution,
and P < 0.05 was considered statistically significant.

Results
Results of Transcriptome Sequencing

Transcriptome sequencing was conducted in 6 samples and
the results were as follows:

Gene Expression Analysis
By calculating and analyzing gene expression in the two
groups of samples, and using data from patients in the less
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Figure | The volcano diagram of differential expression.

Notes: The differences in the results from the comparison were reflected in the volcano diagram, with the gray and blue corresponding to non-significantly differential
expression genes and red corresponding to significantly differential expression genes. The horizontal axis demonstrated the log2 Fold-Change, and the direction of the

vertical axis demonstrated the logl0 P.

effective group as a control. According to the screening
conditions of differentially expressed genes (log2 fold
change >1 or <-1 and p-value <0.05), 922 DEGs were finally
obtained, of which 481 were up-regulated (log2 fold change
>1 and p-value <0.05) and 441 were down-regulated (log2
fold change < —1 and p-value < 0.05) (see Figure 1).

Cluster Analysis

In order to visually display the expression of each gene on each
sample and the difference of gene expression after different
groups, we performed unsupervised hierarchical cluster analy-
sis on the gene expression (Figure 2). The ordinate represents
each differentially expressed gene, the abscissa represents each
sample, red represents high expression and green represents
low expression. The upper and right evolutionary tree-like
structures represent the results of cluster analysis.

Functional Annotation and Enrichment Analysis
This analysis focused on the alignment of the information
from the DEGs to the gene ontology (GO), clusters of

orthologous groups (COG), and the Kyoto Encyclopedia
of Genes and Genomes (KEGG) databases for functional
annotation and enrichment analysis. A total of 2526 anno-
tation results were obtained with 2406 in the GO database,
796 in the COG database, and 1547 in the KEGG database
(see Figure 3).

Results of KEGG Annotation

In the present study, a total of 1547 DEGs were matched to
the KEGG database, and the more enriched pathways were
as follows: pathways in cancer, the phosphatidylinositol
3-kinase (PI3K) signaling pathway, the mitogen-activated
protein kinase (MAPK) signaling pathway, the human
T-cell lymphotropic virus type 1 infection pathway, the
Rapl signaling pathway, and the proteoglycans in cancer
pathway (see Figure 4).

Screening of DEGs
Through the search of signaling pathways related to

T2DM, the online Mendelian inheritance in man
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Figure 2 The cluster diagram of differential expression.
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Notes: Red represented for the high-expression transcripts, green for the low-expression transcripts.

disease-related database, together with the targets and
pathways involved in the action of sitagliptin, the top-
ranked pathways in the KEGG signaling pathway were
screened, and the following genes were screened for
subsequent validation based on the location of the
DEGs in the pathway, the nodes in which they were
located, and the differential fold of gene expression, etc.
(see Table 2).

Validation Results of Messenger RNA
Expression

Electropherogram of PCR Product (See Figure 5)
Statistic Results of RT-PCR Data (See Table 3)

There was no difference in expression of the ghrelin gene
(GHRL) when compared with the less effective group.
Expression of insulin-like growth factor-1 receptor
(IGF1R) was signifificantly increased in the signifificantly
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Figure 3 Functional annotation and enrichment analysis.

effective group as compared with the less effective
group. Expression of mitogen-activated protein kinase-3
(MAPK3) and the suppressor of cytokine signaling-3
(SOCS3) was signifificantly reduced in the signifificantly
effective group as compared with the less effective group.
The expression of phosphatidylinositol-4,5-bisphospho-
nate 3-kinase, catalytic subunit delta (PIK3CD) was
reduced in the significantly effective group as compared
with the less effective group, although this difference was
not statistically significant.

Discussion
Studies have shown that there will be individual differ-
ences in the hypoglycemic efficacy of sitagliptin, while the
current studies mostly analyze the correlation between the
hypoglycemic efficacy of sitagliptin and HbAlc, HOMA-
IR, blood glucose level, insulin level and body mass, and
do not further explore the reasons for the differences in the
hypoglycemic efficacy of sitagliptin from the Perspective
of molecular biology.'®

In this study, we performed genome-wide transcrip-
tome sequencing and qPCR validation in patients with
type 2 diabetes mellitus (hypoglycemic effect and hypo-
glycemic effect) with different Sig Leo Dean hypoglyce-
mic effects. The results suggest that there are DEGs in
patients with different hypoglycemic effects after 12

weeks of treatment with sitagliptin, which is manifested
in the significant increase in the gene expression level of
IGF1R and decrease of MAPK3 gene and SOCS3. In this
study, high-throughput sequencing of the transcriptome
was used for cases with significant and poor hypoglycemic
effect following 12 weeks of treatment with sitagliptin.
Then, the sequencing results were compared with the
GO, COQG, and KEGG databases for further interpretation
and analysis. After the relevant genes were obtained, ana-
lysis was conducted in combination with the targets of
sitagliptin action and the pathways involved along with
the metabolic pathways related to T2DM. The positions of
the key nodes of the genes in the metabolic pathways of
DM and insulin resistance (IR) were then linked, and the
DEGs were selected comprehensively. For further valida-
tion, the sample size was expanded, and RT-PCR valida-
tion of the relevant genes was conducted. Three candidate
DEGs that demonstrated statistically significant differ-
ences were identified among the alternative genes.

The IGFIR gene encodes a protein that is a member of
a family of proteins that mediate growth and development
and is similar in function and structure to insulin. The
IGFIR gene defect is a cause of IGFI deficiency.'’
However, there are few studies on the correlation between
IGFIR and T2DM and it is not possible to investigate the
specific underlying mechanism.
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KEGG Enrichment top 20

hsa05323: Rheumatoid arthritis - o
hsa05221: Acute myeloid leukemia -
hsa05219: Bladder cancer -
hsa05133: Pertussis -
hsa05132: Salmonella infection -
hsa05100: Bacterial invasion of epithelial cells -
hsa04917: Prolactin signaling pathway -
hsa04914: Progesterone-mediated oocyte maturation -
hsa04910: Insulin signaling pathway -
hsa04810: Regulation of actin cytoskeleton -
hsa04668: TNF signaling pathway -
hsa04621: NOD-like receptor signaling pathway -
hsa04380: Osteoclast differentiation -
hsa04370: VEGF signaling pathway -
hsa04360: Axon guidance -
hsa04120: Ubiquitin mediated proteolysis -
hsa04072: Phospholipase D signaling pathway -
hsa04062: Chemokine signaling pathway -
hsa04060: Cytokine—cytokine receptor interaction -

hsa00360: Phenylalanine metabolism -

20

Figure 4 The results of KEGG annotation.

In this study, the expression of the /GF/R gene was
significantly increased in the significantly effective group
following sitagliptin therapy. Combined with known stu-
dies, it was considered that /GFIR might affect glucose
metabolism by influencing the level of /GF, but the exact
mechanism requires further investigation.

The biological effects of insulin are influenced by the
MAPK pathway, and this plays an important regulatory

Number
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o @
@
@

pvalue

l 0.0100
0.0075
0.0050

0.0025

25 30 35
Enrichment Score

role in the process of cell differentiation and proliferation
promoted by insulin. The results of related studies show
that insulin binds to insulin receptors on the cytosolic
membrane of target cells and, based on a certain cascade
reaction, induces the activation of downstream signaling
molecules, thus regulating insulin. Among them, insulin
receptor substrate-1 (IRS-1) can effectively activate the
extracellular regulated protein kinases(ERK) pathway,

Table 2 The Results of Screening of the Differentially Expressed Genes

ID BaseMean_Control_N_3s BaseMean_Case_M_3s Fold Change pval Up_Down

GHRL 314.8385813 93.07405763 0.295624689 3.382667409 0.022882422 Down

IGFIR 5163.654987 1791.541412 0.346952191 2.882241488 0.003135789 Down

MAPK3 5419.842113 2542.606953 0.46912934 2.131608311 0.014629785 Down

PIK3CD 31334.51473 14,099.84836 0.449978194 2.222329909 0.009950191 Down

SOCS3 5044.22212 2192.68602 0.434692598 2.300476254 0.00705362 Down
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15 https: 1767
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IGF1R PIK3CD
MAPK3 SOCS3

Figure 5 The electropherogram of PCR primer identification.

Notes: The sizes of the PCR product of the tested genes GHRL, IGFIR, MAPK3,
PIK3CD, SOCS3 and the internal reference gene actin were identified separately in
the figure. The product sizes in the figure correspond to the fragment lengths of the
tested genes with a single product band.

while /RS-2 is mainly involved in regulating the PI3K
pathway.'® JRS-1 and IR are closely correlated and there
is an increasing number of studies investigating this rela-
tionship. However, the mechanism of IR remains unclear
and previous studies have focused on target cells, such as
skeletal muscle cells'® and adipocytes.”® In this study,
following 12 weeks of sitagliptin therapy, the DEGs in
the significantly effective group and the less effective
group were compared. It was found that gene expression
of MAPK3 was significantly reduced in the significantly
effective group. Previous studies have also suggested
a role for the abnormal activation of the MAPK pathway
in IR. The results of this study suggest that in the signifi-
cantly effective group, sitagliptin might be effective in
lowering blood glucose by down-regulating the expression
of MAPK and reducing IR through the action of the MAPK
pathway.

It has also been suggested that SOCS3 is a bridge
between cell function and insulin signaling at the mole-
cular level.?! It has been shown that a short-term high-
fat diet leads to IR in rats and that lowering the
expression of this gene reduces the degree of IR.*
SOCS3 is found to inhibit IR by down-regulating the
IRS protein.”® Studies also suggest that SOCS3 effec-
tively and competitively inhibits the tyrosine phosphor-
ylation of /RS-I, thus preventing binding to subunit
p85, which also triggers IR.** The results of studies
conducted by some researchers showed that SOCS3
expression and inflammation levels in monocytes,
together with elevated levels of IR indicators, were
significantly higher in obese patients than in normal
subjects.”> The results of an experimental study also
that of SOCS3 have
a facilitative effect on the degradation of /RS-I, and
this may lead to IR.*° It was found that SOCS3 expres-
sion was elevated in IR and also under conditions such

showed increased levels

as inflammation. In this study, after 12 weeks of sita-
gliptin therapy, the gene expression of SOCS3 was
significantly reduced in the significantly effective
group. This indicates that sitagliptin might exert its
hypoglycemic effects by down-regulating the expres-
sion of SOCS3, reducing IR, and increasing the action
of insulin. However, the detailed mechanism still needs
to be further elucidated. Our study found that patients
with different hypoglycemic efficacy of sitagliptin have
different levels of genes, suggesting that the difference
in hypoglycemic efficacy of sitagliptin may be related
to the activation or inhibition of the signal pathway of
related genes. The specific relationship and possible
mechanism need to be further explored in the follow-
up research.

Conclusion
After 12 weeks of sitagliptin therapy, when comparing the
significantly effective group and the less effective group,

Table 3 The mRNA Expression Analysis in the Validation of Candidate Genes (X + s, n=20)

The Group with Different Therapeutic Effects GHRL IGFIR MAPK3 PIK3CD SOCsS3
The less effective group 1.216+0.814 1.230+0.759 1.132+0.514 1.054+0.345 1.083+0.432
The significantly effective group 1.255+0.693 1.776+0.805 0.669+0.306 0.878+0.419 0.509+0.350
t-value —0.161 —2.206 3.462 1.449 4618
p-value 0.873 0.034 0.002 0.156 <0.001
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the gene expression of /GFIR was significantly increased,
the gene expression of MAPK3 was significantly reduced,
and the gene expression of SOCS3 was significantly
reduced.
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