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Abstract: The availability of Linagliptin as a dipeptidyl peptidase-4 (DPP4) inhibitor for the management of type 2 diabetes in individuals has
been a recent development. The primary aim of the present investigation is to gain insights into the biological, physiological, and pharmacological
mechanisms of action of the substance, as well as its impact on the cellular structure of human organisms. In this study, a range of genomics
approaches and in silico tools were employed, including PASS, SwissTargetPrediction, SwissADME, SEA, CLC-Pred, and DIGEP-Pred, to
ascertain the physiochemical characteristics, pharmacokinetic attributes, biological targets, and biological activity of Linagliptin. Linagliptin
is employed as a novel DPP4 inhibitor for the purpose of assisting those diagnosed with type 2 diabetes in managing their body’s glycemic
control. Nevertheless, our study revealed that Linagliptin has affinity for other molecular targets in humans, such as CHRMI, FAP,
ALDHIA1, and PDEG6D, thereby modulating their gene expression patterns. Prior studies have demonstrated that the administration of the
medicine exerts an influence on renal and cardiovascular problems. Based on our research findings, we have developed a solid hypothesis

that Linagliptin could potentially serve as an effective pharmaceutical intervention for the treatment of blood cancer and cardiac arrest.
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1. Introduction

Over the world, type 2 diabetes is rising. Diabetes affects an
estimated 463 million people worldwide, and that number is
expected to climb to 700 million in the next 20 years, according to
the diabetes atlas (9th edition) [1]. By 2040, there would be 123.5
million diabetic patients in India, up from the current 69.2 million
[2]. Effective and secure treatments are required to lessen the effects
of type 2 diabetes. A dipeptidyl peptidase-4 (DPP4) inhibitor called
Linagliptin has just recently been employed as a therapeutic
molecule to treat type 2 diabetes and diabetes mellitus. DPP4
inhibitors are a class of oral medications with an incretin-based
mechanism of action. Easy-to-use medications that do not require
frequent glucose testing or dosage modifications are favorable in
this regard [3]. Drugs in the DPP4 inhibitor class, which were first
developed in 2006, appear to meet these criteria. Boehringer
Ingelheim, a scientist, developed the medication. DPP4 inhibitors
are also well tolerated and have an excellent safety profile. In
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practice, patients have exhibited strong adherence to the fixed-dose
combos of DPP4 inhibitors and metformin, and these fixed-dose
combinations are technically feasible [4]. As a result, this
pharmacological class has been seen as a crucial advancement in
oral anti-diabetic therapy.

DPP4 regulates the secretion of glucagon and insulin in the
human body. Following a meal, the L- and K-cells located in
the intestines secrete the digestive hormones known as glucagon-
like peptide-1 (GLP-1) and gastric inhibitory polypeptide (GIP)
[5, 6]. Approximately 70% of insulin secretion following a meal is
attributed to these entities, which also exhibit an ability to enhance
insulin secretion in the presence of elevated blood glucose levels.
DPP4 is the principal enzyme accountable for the initial cleavage of
GLP-1 and glucose-dependent insulinotropic polypeptide (GIP).
The ingestion of glucose through oral consumption elicits a greater
insulin response compared to the administration of glucose
intravenously at an equivalent glycemic level [7, 8]. This disparity
in insulin response can be attributed to the incretin effect, which is
mediated by the hormones GLP-1 and GIP [9]. Despite the reduced
influence of incretins in individuals with type 2 diabetes, exogenous
GLP-1 still demonstrates insulinotropic and glucagonostatic actions
that are reliant on glucose levels. On the other hand, GIP no longer
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exhibits its insulinotropic function. The biological half-life of GLP-1
in vivo is limited to a range of 1-2 minutes due to the presence of
DPP4 activity. The inhibition of DPP4 prevents the degradation of
GLP-1, resulting in increased levels of endogenous GLP-1 in
the plasma. This elevation in GLP-1 levels significantly enhances
its glucose-dependent insulinotropic and glucagonostatic effects
[6, 10, 11]. The initial evidence supporting the effectiveness of DPP4
inhibition in individuals with type 2 diabetes was observed in 2002 [12].

Linagliptin belongs to the class of medications known as gliptins
or DDP4 inhibitors. The medication is employed for the management
of type 2 diabetes, a condition characterized by reduced secretion of
the insulin hormone [13]. Linagliptin is described chemically as 1H-
purine-2, 6-dione, 8-[(3R)-3-amino-1-piperidinyl]-7-(2-88 butyn-1-
yD)-3, 7-dihydro-3-methyl-1-[(4-methyl-2quinazolinyl)methyl]. The
empirical formula, C25H28N802, has a molecular weight (MW) of
472.54 g/mol, as indicated in Figure 1.
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Figure 1. Two-dimensional structure of Linagliptin molecule

The medicine Linagliptin is marketed under the trade name
Tradjenta. In investigations on rats and monkeys, Linagliptin has
an oral bioavailability of 51%, and its biological half-life is
roughly 36 hours [12]. Only a little amount of Linagliptin is
metabolized in living organisms, and 90% of the drug is
eliminated intact through the feces via the hepatobiliary pathway
[12, 14]. Endocrine cells in the digestive system release the
incretin  hormones GLP-1 and GIP in response to food
consumption to promote insulin production. DPP4 normally
breaks down the incretin hormones within a few minutes of their
release, and as a result, it is crucial in controlling how long the
incretin hormones remain active. Linagliptin extends the half-life
of the incretin hormones by inhibiting DPP4 enzymatic activity.
This, in turn, promotes pancreatic beta-cells to secrete more
insulin and less glucagon. These processes work together to
reduce blood sugar levels [15].

Due to its involvement with various glucose-lowering
medications [16], type 2 mellitus diabetes is frequently linked to
cardiovascular illness [17, 18], which increases the risk of heart
failure and its consequences [19]. The high risk of heart failure state
is unaffected by the medication [20, 21]. Numerous studies have
shown that the administration of Linagliptin results in enhanced
vascular functions, a reduction in the concentration of pro-
inflammatory factors, an increase in the anti-inflammatory factors,
as well as the prevention of aberrant proliferation [22]. The drug
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alters a variety of cellular and molecular mechanisms or signaling
pathways, including the NO signaling pathway, GLP-1-dependent
and -independent effects, immune and inflammatory mechanisms,
FGF23/klotho signaling, and stromal cell-derived factor-1/CXCR4
signaling, to modulate cell-cell interaction [23]. According to
reports, Linagliptin is a DPP4 inhibitor but has had little to no
impact on kidney and heart conditions. In the present
investigation, we examined the possibility that the medicine
promotes cytotoxicity, activation of biological processes, and gene
expression in conditions other than type 2 diabetes. We
discovered that Linagliptin exhibits a comparable affinity for
binding to CHRM1 and FAP, two different prolyl endopeptidases.
FAP is essential for the modeling of tissue during development
and wound repair. The ligand for Linagliptin has demonstrated
affinity to CHRM1 receptors. A G-protein of class Gq called
CHRM1 activates signaling pathways involving inositol
triphosphate (IP3) and DAG kinase to cause the upregulation of
phospholipase C. Based on some possible in silico analyses, we
discovered that Linagliptin also exhibits biological activity for the
target proteins and controls gene expression, suggesting a role for
Linagliptin in the treatment of leukemia and heart failure as well
as other cancers.

2. Materials and Methods

2.1. Selection of drug

Linagliptin is a DPP4 inhibitor used to treat diabetes mellitus
type 2. Nowadays, the Linagliptin drug compound is used vastly
for various types of studies. The Canonical SMILES format for
Linagliptin was obtained from PubChem.

2.2. Analysis of physiochemical and pharmacokinetics
properties using the SwissADME

When using the SwissADME online browser, the submission
page, where molecules can be entered as Canonical SMILES, is
immediately visible. In the beginning, it shows a two-
dimensional structure. In relation to the input, it displays a
number of properties (see Computational Methods).
Additionally, bioavailability radar is shown. Lipophilicity, size,
polarity, solubility, flexibility, and saturation are six
physicochemical  characteristics that are taken into
consideration [24, 25]. The radar plot of the molecule has to
completely fall into a pink area on each axis representing a
physiochemical range in order to be classified as drug-like.
This section compiles physiochemical characteristics such as
simple molecular descriptors like MW, molecular refractivity,
count of particular atom kinds, and polar surface area (PSA).
Topological polar surface area (TPSA), a fragmentary method,
is used to determine the PSA [26]. The tool also displays the
estimated molecular pharmacokinetic properties. These
characteristics explain how a substance interacts with
cytochrome P450 isoenzymes and whether it is a substrate or
non-substrate of the permeability glycoprotein (P-gp) [27].

2.3. Biological activity prediction using PASS

A computer algorithm called prediction of activity spectra for
substances (PASS) can be used to evaluate a compound’s broad
biological potential based on its structural formula [28]. A
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compound’s projected activity spectrum is estimated by PASS
software as having two possible states: probable activity (Pa) and
probable inactivity (Pi). Conical SMILES was used to submit the
compounds. The PASS user receives output data in the form of a
list of anticipated activity kinds, along with an estimated probability
for each activity type: “to be active”, Pa, or “to be inactive”,
Pi [29]. Pa and Pi’s probabilities of being active or inactive range
from 0.000 to 1.000, and generally speaking, Pa Pi=1 [30]. It
might turn out to be a compound of a recognized pharmacological
drug if we choose the highest forecast Pa value. We chose the
compound for the prediction in this study that falls above
the cut-off value and set the cut-off value of Pa “to be active”
as Pa>0.2.

2.4. Biological target prediction using
SwissTargetPrediction and similarity ensemble
approach (SEA)

SwissTargetPrediction is based on the finding that targets in three
different species are more comparable to similar physiologically active
compounds [31, 32]. Therefore, using a known compound that is
extremely close to the query molecule, the targets of a molecule can
be predicted. The accuracy similarity between the query molecule
and the known substance is a significant prospect. A chemical
receives a maximum likelihood score of 1 whenever it exhibits
robust binding interactions with targets that are similar to it. The
target probability value ranges from 0 to 1, with the query molecule
having the highest possibility of being a known compound of the
target [33]. Users of the revised SwissTargetPrediction application
can select between the human, mouse, or rat organisms. The
selection and addition of an organism occur once Linagliptin has
submitted in a SMILE format. Each target’s probability score is
based on its similarity scores to its most similar ligands. Target
molecules are organized based on how likely it is that they will
bind to Linagliptin. The columns show the target name, classes, and
their Uniprot ID. The upper right side of the page’s pie chart
displays a summary of the top 15 anticipated target classes (Figure 2).

You can predict specific chemical targets using the SEA search
service. The maximum Tanimoto similarity (MaxTC) and significant
values are used to express the sequence similarity or structural
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Figure 2. Bioavailability radar showing and signifying the
drug-likeness of Linagliptin

similarity between targets based on the similarity of the molecule
that binds to them. The relationships between chemicals were
stronger in the values [34].

2.5. Prediction of cytotoxic effects of Linagliptin
using CLC-Pre

To analyze cytotoxicity effect of the Linagliptin on the basis of
the input file, CLC-Pred (cell line cytotoxicity prediction) was
performed using online server (www.way2drug.com/PASSonline)
(accessed date 22 May 2019). The prediction is based on PASS
technique. It allows predicting cytotoxicity against various human
cell lines represented with Pa and Pi values if Pa value is >0.5;
the probability of action is considerably high whereas Pi value
indicates inactivity [35].

2.6. Protein and mRNA-based prediction of changes
in gene expression pattern using DIGEP-Pred

To analyze gene expression that is induced by Linagliptin can
be performed using DIGEP-Pred, which is a web service for in silico
prediction of drug-induced changes of gene expression profiles. The
predictions are based on mRNA and protein expression [36]. The
gene expression induced by the Linagliptin was either up or
downregulated.

3. Results

3.1. Physiochemical and pharmacokinetic properties

Using the Swiss ADME bioinformatics tool, physiochemical
and pharmacokinetic features were analyzed. Using this method, we
can forecast ADME characteristics including pharmacokinetics,
physiochemistry, lipophilicity, and water solubility. For each of
the six physicochemical properties — lipophilicity, size, polarity,
solubility, flexibility, and saturation — the prediction’s 2D structure
and bioavailability radar are shown (Figure 3).

The area in pink displays the radar plot of the molecule to
be drug-like. The colored zone is suitable for the physiochemical
space for oral bioavailability [37]. According to SwissADME

6.7%
6.7%

26.7%

40%
20%

@ Family A G-protein coupled receptor H Protease
uKinase # Unclassified Proteins

 Other Nuclear Protein

Figure 3. The pie chart of top 15 target compounds of
Linagliptin
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server, oral bioavailability of the compound was evaluated based on
the threshold value of certain physiochemical descriptors, namely
lipophilicity (—0.7 <XLOGP3 < +5.0), size (150 g/mol <
MV < 500 g/mol), polarity (20 A2 < TPSA < 130 A2), insolubility
(0 < Log S (ESOL) < 6), instauration (0.25 < Fraction Csp3 < 1),
and flexibility (0 < Num. Rotatable bonds <9) [38]. The
physiochemical and pharmacokinetic properties of the compound
are represented in Table 1.

Table 1. Computed parameter values such as physiochemical
properties, lipophilicity, solubility, and pharmacokinetics using
SwissADME web browser

Physicochemical properties

Formula C25H28N802
Molecular weight 472.54 g/mol
Num. heavy atoms 35
Num. arom. heavy atoms 19
Fraction Csp3 0.4
Num. rotatable bonds 4
Num. H-bond acceptors 6
Num. H-bond donors 1
Molar refractivity 139.33
Lipophilicity
Log Po/w (XLOGP3) 1.91
Water solubility
Log S (ESOL) -4.11
Solubility 3.66e-02 mg/ml;
7.75e-05 mol/l
Pharmacokinetics
GI absorption High
BBB permeant No
P-gp substrate Yes
CYP1A2 inhibitor No
CYP2C19 inhibitor No
CYP2C9 inhibitor Yes
CYP2D6 inhibitor No
CYP3A4 inhibitor Yes

Any medication molecule’s biological activity and lipophilicity are
connected. This is the cause of the target protein’s greater binding.
Numerous other pharmacokinetic characteristics of pharmacological
molecules are impacted by lipophilicity, including lower water
solubility, increased permeability across the blood-brain barrier
(BBB) and other tissue membranes in the gastrointestinal system,
increased protein binding, etc. [39]. Due to lipophilicity’s
significance, many approaches could be used to acquire the numbers
experimentally and calculate the log p-value [40]. We noted in the
article that the value of log Po/w is determined by the XLOGP
program, version 3.2.2 (courtesy of CCBG, Shanghai Institute of
Organic Chemistry), using an atomistic and knowledge-based
methodology. A chemical compound must meet at least three of the
following conditions in order to be orally active in humans, according
to Lipinski’s rule of five: (a) MW 500, (b) XLOGP3
3.5, (c) hydrogen bond acceptor 10, and (d) hydrogen bond donor 5
[41]. As a result, it can be seen that the ROS5 rule is followed by our
target medicine, Linagliptin. Also shown in Table 1 are the
compound’s pharmacokinetic characteristics related to its GI
absorption, BBB permeation, drug metabolism, and permeability
glycoprotein action. It is clear from Table 1 that Linagliptin has a
high rate of gastrointestinal absorption and can thus enter the
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bloodstream with ease. According to predictions, those biological
barriers contain the most significant active efflux mechanism [42].
Linagliptin minimizes potential neurological side effects because it
does not penetrate the BBB [43]. An essential pharmacokinetic
parameter of the drug compound is the drug’s metabolic clearance
from the body [44]. For the criteria, the cytochrome P450 metabolic
enzymes are crucial [45]. In these studies, the chemical inhibits
CYP2C9, a key player in drug metabolism and a member of the
cytochrome P450 family of oxidizing enzymes. The metabolic
clearance of the medication from the body depends on the proper
operation of these CYP enzymes.

3.2. Biological activity of Linagliptin

A list of likely biological activities for Linagliptin can be obtained
as an output from the PASS program’s prediction of biological activity.
Pa and Pi values, which can be expressed correspondingly as the
probabilities of a molecule belonging to the classes of active and
inactive molecules, are obtained for each activity. Linagliptin
appears to be a very attractive candidate for further investigation
because no substantial unfavorable or hazardous consequences are
predicted for this chemical, even at Pa > Pi. We chose Pa> 0.2 as
the biological active threshold value for observation. The query
chemical, Linagliptin, has pharmacological activity against about
26 target molecules. The current study focuses on a few active
target substances, including DPP4 inhibitors, antagonists of
the acetylcholine M1 receptor, etc. In addition, Linagliptin was
discovered to be a possible vasodilator, antiparkinsonian molecule,
phosphodiesterase inhibitor, and ophthalmic medication. These
findings are displayed in Table 2.

Table 2. Predicted activity spectrum for Linagliptin at threshold
value Pa > 0.2

S. No. Target Pa Pi

1 Acetylcholine M1 receptor antagonist 0.620 0.003
2 Nootropic 0.499 0.132
3 Acetylcholine muscarinic antagonist 0.475 0.004
4 Dipeptidyl peptidase inhibitor 0.474 0.002
5 Cognition disorders treatment 0.431 0.027
6 Transplant rejection treatment 0414 0.014
7 HCV IRES inhibitor 0.412 0.023
8 Cholinergic antagonist 0.411 0.005
9 Vasodilator, peripheral 0.398 0.083
10 Acetylcholine antagonist 0.393 0.006
11 Anti-diabetic 0.382 0.048
12 Male reproductive dysfunction treatment 0.326 0.021
13 erectile dysfunction treatment 0.293 0.018
14 Cyclic GMP phosphodiesterase inhibitor 0.279  0.020
15 Antiemetic 0.277 0.013
16 Ophthalmic drug 0.254 0.088
17 Polarization stimulant 0.247 0.175
18 Antiparkinsonian 0.245 0.103
19 Neurodegenerative diseases treatment 0.240 0.203
20 Cyclic AMP phosphodiesterase inhibitor 0.230 0.164
21 Adenosine receptor antagonist 0.223  0.011
22 Rhinitis treatment 0.222  0.199
23 Antiviral (Influenza A) 0.218 0.169
24 Phosphodiesterase inhibitor 0.214 0.013
25 Diuretic 0.207 0.086
26 Dipeptidyl peptidase IV inhibitor 0.204 0.003
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3.3. Biological targets of Linagliptin

In SwissTargetPrediction, we ranked the target based on the
probability and estimated the accuracy of the predictions [33]. A
probability is computed from the 2D similarity with the compound
[37]. In our observation, the higher probability was exhibited by
gene CHRMI1, DPP4, and FAP as the potential target for
Linagliptin (maximum probability =1). The target classes of
CHRM1, DPP4, and FAP are family A G-protein coupled receptor,
protease, and protease, respectively (Table 3). The pie chart shows
the top 15 target compounds (Figure 2).

The SEA search server is used to predict structural similarity and
biological target molecule in different species. In the current study, we
observed the structural similarity and active biological target
molecules in the human species. The higher probability compounds
in human species are highlighted in Table 4. The significant values
expressed that DPP4, FAP, CHRMI1, ALDH1A1, and PDE6D are
target molecules for Linagliptin (Figure 4).

3.4. Cytotoxicity analysis

To analyze the cytotoxicity effect of the Linagliptin molecule,
CLC-Pred (cell line cytotoxicity prediction) was run. The
CLC-Pred showed that the Linagliptin molecule does not exhibit any
cytotoxicity effect. Previous clinical studies on human lymphocytes
cells concluded that Linagliptin has no cytotoxic, pro-oxidative, and
genotoxic effects, although the treatment with Linagliptin drug was
safe and tolerant [46—48].

3.5. Pattern of gene expression induced by Linagliptin

Observations through DIGEP-prediction demonstrated that the
Linagliptin molecule induces gene expression patterns such as
upregulations and downregulations of number of genes (Table 5).

Table 3. Predicted molecules targeted by Linagliptin

The observation as in Table 5 shows that Linagliptin either up or
downregulated the mRNA-based gene expression [36]. ALD18A1
(aldehyde dehydrogenase family 18 member 1), EV128 (ecotropic
viral integration site 2B), SLCI5A1 (solute carrier family 15
member 1), CTPS1 (CTP synthase 1), and H6PD (hexose-6-
phosphate dehydrogenase) are only a few of the genes that
Linagliptin causes to downregulate (Figure 5).

Gamma-glutamyl kinase and phosphate reductase activities are
both present in the ATP and NADPH-dependent enzyme that
ALD18AL1 encodes. L-glutamate is changed into delta-1-pyrroline-
5-carboxylate, which is then used metabolically to create proline,
ornithine, and arginine. Non-essential amino acids include proline,
ornithine, and arginine [49]. Linagliptin caused the gene expression
to be downregulated, which could result in glutamate buildup in the
body. The overexcitation of nerve cells caused by the elevated
glutamate content can result in increased cellular activity and
cell death.

A regulator of myeloid cell development, enhancer binding
protein alpha (C/EBP), targets the gene EV12B (ecotropic viral
integration site 2B) [50]. Acute or chronic myelogenous leukemia
is caused by changes in myeloid cells, which result in aberrant
proliferation of mature myeloid cells [S1].

Carrier proteins that are used to absorb and take in dietary protein
are encoded by the SLC15A1 gene. Small peptides made up of two or
three amino acids are the primary form in which digested proteins are
absorbed. Only one transport system — the proton-coupled peptide
transporter-1 (PepT1) encoded from the soluble carrier protein
Sle15al — mediates the intestinal absorption of short peptides [52].
A protein deficiency disorder results from downregulation of the
SLCI15A1 gene, which reduces the absorption of dietary proteins.
In the de novo pyrimidine biosynthesis route, cytidine triphosphate
(CTP) is converted to uridine triphosphate by the CTP synthase
enzyme, which is encoded by CTPS1 [53, 54]. The two
mechanisms that produce CTP — the salvage pathway and the de

Target Common name Uniprot ID Target class Probability*
Muscarinic acetylcholine receptor M1 CHRM1 P11229 Family A G protein-coupled receptor 1
Dipeptidyl peptidase IV DPP4 P27487 Protease 1
Fibroblast activation protein alpha FAP Q12884 Protease 1

Table 4. Target molecules for Linagliptin in different species
Target key Target name Description P-Value MaxTC
DPP4_HUMAN DPP4 Dipeptidyl peptidase 4 1.51E-77 1
SEPR_HUMAN FAP Prolyl endopeptidase FAP 7.92E-32 1
SEPR_MOUSE Fap Prolyl endopeptidase FAP 9.63E-10 1
ACM1_HUMAN CHRM1 Muscarinic acetylcholine receptor M1 2.40E-09 1
Q8MHZ5_SHEEP Ghrelin/growth hormone secretagogue receptor 8.83E-37 0.34
DPP4_BOVIN DPP4 Dipeptidyl peptidase 4 4.68E-25 0.39
DPP4_PIG DPP4 Dipeptidyl peptidase 4 3.53E-23 0.56
AA2AR_RAT Adora2a Adenosine receptor A2a 9.69E-20 0.4
ALIA1_HUMAN ALDHI1ALl Retinal dehydrogenase 1 4.44E-16 0.33
AAIR_RAT Adoral Adenosine receptor Al 1.37E-12 0.4
PDE6D_HUMAN PDE6D Retinal rod rhodopsin-sensitive cGMP 1.12E-10 0.31

3'5'-cyclic phosphodiesterase subunit delta

DPP4_RAT Dpp4 Dipeptidyl peptidase 4 2.85E-08 0.54
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Figure 4. Biological targets and activities of Linagliptin

Table 5. Linagliptin-induced changes in the cellular gene
expression patterns. Upward arrows show upregulation of
gene, while downward arrows show downregulation of gene.

S. No. Pa Pi Regulation Up/Down
1 0.948 0.004 ALDHI18A1 |
2 0.78 0.024 EVI2B |
3 0.757 0.037 SLC15A1 |
4 0.721 0.034 CTPS1 l
5 0.561 0.104 H6PD l
1 0.921 0.017 LST1 1
2 0.646 0.089 SFRP1 1
3 0.599 0.095 NPPB 1
4 0.521 0.075 ID1 1

novo synthesis pathway — are controlled by the enzymes CTP synthase
(CTP1 and CTP2) [55]. In lymphocytes, CTP synthase activity
may be a crucial step in the synthesis of DNA [56, 57].
Immunodeficiency is brought on by a decrease in CD3-mediated
T-cell proliferation, which is caused by downregulation of CTPS1
expression [58].

The pentose phosphate pathway uses H6PD. In the endoplasmic
reticulum lumen, the H6PD gene reduces NADPH by converting
glucose 6-phosphate to 6-phosphogluconate. The first step of the
pentose phosphate pathway, glucose-6-phosphate dehydrogenase
(G6PD), carries out the same reaction in the cytosol [59]. Reduced
total ATP generation and reduced cell proliferation are both
associated with downregulation of the H6PD gene in murine cancer
cell lines [60]. H6PD regulates calcium homeostasis, redox balance,
and protein response in cancer cells [61].

In addition, as shown in Figure 6, Linagliptin causes the
upregulation of genes such as leucocyte-specific transcript 1
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protein (LST1), secreted frizzled-related protein 1 (SFRP1),
inhibitor of DNA binding HLH protein (ID1), and natriuretic
peptide B (NPPB).

LSTI gene encodes membrane protein that inhibits the
proliferation of the lymphocytes. Upregulation of the gene expresses
inhibited growth of lymphocytes. LST1/A is a potential negative
regulator of myeloid cell signaling [62]. SFRP1-encoded fiizzle-
related protein acts as a modulator of the Wnt signaling pathway.
The protein binds with the Wnt signaling molecules in the cytoplasm
and downregulates the Wnt signaling by the formation of the
inhibitory complex [63]. The signaling pathway is essential for the
embryonic development or cell proliferation. DNA binding protein
inhibitor, ID1, regulates the ETS transcription factor, ELK-1 and
ELK-4 [64]. NPPB encodes a secreted protein that functions as a
cardiac hormone. It stimulates the activity of guanylate cyclase that
activates protein kinase G, which leads to a decreased Ca+2
concentration in cytosol resulting in the relaxation of the heart
smooth muscles and vessel dilation, a condition which potentially
avoids cardiac arrest.

4. Discussion

With significant binding to proteins like DPP4, Linagliptin
has distinct physiochemical, pharmacokinetic, and biological
characteristics. The Linagliptin medicines were categorized as
drug-like compounds because they exhibit greater oral
bioavailability and comply with Lipinski’s rule of five (ROS5) [41]
based on observation of physiochemical features. The
pharmacokinetic action is crucial for the human body to process
and eliminate the medicinal ingredient [45]. For these
requirements, the CYPs are crucial [65]. Inhibitory action of
Linagliptin is seen for CYP2C9 and CYP3A4. However,
Linagliptin is not hampering the functioning of other CYPs
enzymes like CYP1A2, CYP2C19, and CYP3D6. A non-P-gp
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Figure 7. Linagliptin drug model suggesting its cytotoxic effects
in treatment of various diseases

protein substrate chemical exhibits low absorption and issues with
multidrug resistance [27]. The Linagliptin molecules in this
situation are P-gp substrates and have a high bioavailability.
Because of all these characteristics, Linagliptin is used as a
medication to treat type 2 diabetes in people [66]. With
Linagliptin, DPP4 as a target molecule has strong binding activity.
We came to the conclusion that Linagliptin causes various types
of gene expression either by upregulation or downregulation on
the basis of mRNA and proteins from our predictions made using
various Dbioinformatic methods. In the human body, gene
expression has both positive and negative effects.

The drug Linagliptin may be employed in immunotherapy for the
treatment of heart failure in accordance with the detected gene
expressions. In the spontaneously hypertensive rat, the natriuretic
peptide precursor A (NPPA) and B (NPPB) genes are potential
genes for hypertension and cardiac hypertrophy [67]. Activation of
the NPPB gene results into expression of the encoded secreted
protein that serves as a cardiac hormone. The guanylyl cyclase is
stimulated, and more ¢cGMP is produced, which stimulates protein
kinase-G and phosphorylates myosin phosphate, causing the smooth
muscles of the heart to relax [68]. Rapid cell division and migration
are induced by the Wnt signaling system, which plays a role in
embryonic development [69]. Cancer can result from improper cell
regulation and unrestrained cell division [70]. Frizzle-related protein,
which is encoded by SFRPI1, functions as a regulator of the Wnt
signaling pathway. The protein interacts with cytoplasmic Wnt
signaling molecules to downregulate the signaling by forming an
inhibitory complex that causes beta catenin to be degraded by
ubiquitin and blocks the pathway [71]. Linagliptin can upregulate the
ID4 gene, which in turn can cause the MAPK cascade reaction to
downregulate, so reducing excessive cell proliferation. Leukocyte
growth is inhibited by LST1 upregulation. When the ALDH18Al1
gene is downregulated, glutamate builds up; this high concentration
of glutamate may cause nerve cells to get overexcited, which can
result in neurodegenerative disorders. SLC15A1 and CTPS1 are
additional genes that are downregulated, whereas CHRM1, PDE6D,
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and ALDH1ALI are targeted genes. Through its non-incretin effects
on immune cells, DPP4 may also contribute to the emergence of
neurological diseases with a neuroinflammatory component [71]. The
medicine Linagliptin has cytotoxic effects and may be used to treat a
number of illnesses, including type 2 diabetes (Figure 7).

5. Conclusion

The collection and analysis of data from millions of species,
possibly billions of individuals, and many trillions of base pairs
from multiple species are required for biological inquiry to be
considered a true science [72—77]. As tools for high-throughput data
processing, computers are perfectly suited to help this business.
New kinds of inquiries and analyses have also become available
as biological data analysis techniques and the capacities of
electronic computers have advanced. Computational techniques
are developed and used in the interdisciplinary field of
computational biology and bioinformatics to analyze large-scale
biological data sets, such as genetic sequences, cell populations,
or protein samples, in order to generate novel hypotheses or
identify novel biological processes.

We performed a computational analysis on Linagliptin for the
current investigation. According to the findings, it may have an
impact on the gene’s signaling pathways, which may result in
less serious side effects such as protein deficiency sickness,
immunodeficiency disease, and vision loss. In general, we did the
research to learn how Linagliptin could be used for purposes other
than the management of type 2 diabetes. By inducing the
expression of the genes ID1, LST1, SFRP1, EV12B, and NPPB,
respectively, Linagliptin may be used to treat cancer by reducing
the growth of cancer cells and relaxing smooth muscles.
Linagliptin is a possible medication that can be used to treat
cardiac arrest and cancer.
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