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ABSTRACT

Introduction: Periodontitis causes irreversible loss of supporting apparatus of the tooth,
i.e., periodontal ligament. Although there has been promise in the growth factor therapies with
recombinant proteins, including Fibroblast growth factor-2 (FGF-2) and the biological half-
lives of these proteins, recombinant proteins have high costs, instability, and limited usability.
Nucleoside-modified messenger RNA (mRNA) technology provides a new therapeutic modality
approach with the use of host cell machinery to endogenously produce therapeutic proteins and,
possibly, provide sustained bioactivity.

Material and Methods: Healthy premolars were used as sources of primary human periodon-
tal ligament fibroblasts (n=10). The cells were separated into 3 conditions, which are Negative
Control (untransfection), Positive Control (treated with recombinant human fibroblast growth
factor-2 [rhFGF-2]) and Test Group (transfected with lipid nanoparticle-mRNA-FGF2). The
proliferation of the cells was measured spectrometrically using Cell counting Kit-8 after 24, 48
and 72 hours. The migration capacity was measured based on a scratch wound healing assay.
The expression of osteogenic and fibroblastic genes (COL1A1, POSTN, RUNX2) was determined
by Reverse transcription quantitaitive polymerase chain reaction.

Results: MRNA-FGF2 showed a much higher proliferation at 72 hours than rhFGF-2 (Optical
Density: 1.42 £ 0.11 vs. 1.15 + 0.09, p < 0.01), indicating longer protein synthesis. The highest
percentage of wound close up at 24 hours was found in mRNA group (88.4% * 4.2) when com-
pared with the protein group (76.1% + 5.5; p < 0.05). In addition, POSTN (Periostin) increased
by 4.5-fold when mRNA was transfected compared to controls.

Conclusion: Intracellular exposure to lipid nanoparticle-encapsulated mRNA coding FGF-
2 enhances better proliferation and migration in human periodontal ligament fibroblasts when
compared to the exogenous application of proteins. In this pilot study, it is proposed that mRNA
technology is a viable, powerful platform to next-generation periodontal regenerative therapies.
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INTRODUCTION

Periodontitis is a chronic inflammatory condi-
tion that is known by the progressive loss of the
bone that supports the tooth such as the alveolar
bone, the cementum and periodontal ligament
(PDL) [PihlIstrom BL et al., 2005]. It is a signifi-
cant disease in the adult world population and one
of the leading causes of tooth loss [Eke PI et al.,
2015]. Periodontal therapy is not only aimed at
the prevention of inflammation but the restoration
of the lost attachment apparatus. The existing re-
generative techniques e.g. Guided tissue regenera-
tion and application of Enamel matrix derivatives
have been shown to be clinically effective yet have
not been predictable in cases of advanced defects
[Cortellini P, Tonetti MS, 2015].

In order to improve regenerative predictability,
the use of bioactive molecules namely growth fac-
tors has also been widely studied. Basic Fibroblast
growth factor is also referred to as Fibroblast growth
factor-2 (FGF-2) which is a powerful mitogen in-
ducing angiogenesis and mesenchymal cell growth
[Murakami S, 2011]. The effectiveness of recombi-
nant human FGF-2 (rhFGF-2) in the regeneration
of the periodontal tissues has been demonstrated in
clinical trials and this has resulted in its commer-
cial acceptance in some markets [Kitamura M et
al., 2011]. Nonetheless, the protein-based therapies
are subject to severe translational challenges. The
recombinant proteins tend to have short biological
half-lives because of fast degradation by enzymes
and clearance in the body [Lee K et al., 2011]. As
a result, keeping a therapeutic level on the defect
site commonly demands supraphysiological doses,
which casts doubts on the aspect of expense and off-
target side effects [Carrion B, Putnam AJ, 2013].

Coupled with the SARS-CoV-2 vaccinations,
messenger RNA (mRNA) therapeutics have be-
come a new frontier in regenerative medicine, as
nucleoside-modified mMRNA (mMRNA) has become
a groundbreaking platform [Sahin U et al., 2014].
In comparison to DNA-based gene therapies,
which allow entry into the nucleus and introduce
a threat of insertional mutagenesis, mMRNA acts in-
side the cytoplasm and is inherently transient and
safe [Pardi N et al., 2018]. The delivery of chemi-
cally modified mRNA through lipid nanoparticles
(LNPs) is considered the host cell acting as a bio-
reactor, where protein therapeutic is generated on a

prolonged basis [Kowalski PS et al., 2019].

The latest experiments in the orthopedic re-
searches have used the mRNA encoding Bone
Morphogenetic Protein-2 (BMP-2) to regenerate
bone successfully in rat models, with better results
than the recombinant protein delivery [Zhang W
et al., 2019]. Nonetheless, the use of this technol-
ogy in the context of soft tissue regeneration of the
periodontal complex has not been studied exten-
sively. A significant research gap exists on the re-
sponse of periodontal ligament fibroblasts, which
are the important effector cells that are involved
in periodontal regeneration to intracellular mMRNA
therapeutic treatment versus extracellular protein
stimuli.

Thus, this translational pilot study was intended
to design and synthesize LNP-encapsulated nucle-
oside-modified mRNA that encodes FGF-2 (LNP-
mRNA-FGF-2) and test its biological actions on
human periodontal ligament fibroblasts. We theo-
rized that, mMRNA-mediated delivery would lead to
longer-term cellular increase, increased migration,
and improved periodontal ligament-specific mark-
er expression as compared to traditional recombi-
nant protein therapy.

MATERIALS AND METHODS

Design and Ethics of the research: In this in
vitro research, a parallel-group design was used to
compare three experimental conditions, which are
Negative control (NC), recombinant human FGF-2
(Positive control) (rhFGF-2), and LNP-encapsulat-
ed nucleoside-modified mRNA that encodes FGF-
2 (Test Group).

Isolation and Culture of human periodontal
ligament fibroblasts (hPDLFs): The tissue of peri-
odontal ligament was collected on healthy premolars
(n=10) that were removed due to orthodontic indi-
cators in systemic healthy donors aged between 18
and 25 years. Phosphate-buffered saline (PBS) was
used to wash the teeth with sterile. The periodontal
ligament tissue was scraped at the mid-third area
of the root surface to eliminate any possible con-
tamination with the gingival fibroblasts or apical
pulp tissue. The explants were minced and cultured
in Dulbecco modified eagle medium, which was
supplemented with 10 percent Fetal bovine serum
and 1 percent penicillin/streptomycin at 37°C in a
humid environment of 5 percent CO:. All experi-
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ments were done on cells of passages 3 to 5 in order
to achieve phenotypic stability.

Production of Nucleoside-Modified mRNA:
The human FGF-2 coding sequence was cloned in
a plasmid vector with 5’ and 3’ untranslated regions
and poly(A) tail template and expressed in vitro by
transcription with RNA polymeraza from the T7
bacterophage. In order to inhibit innate immune
activation Uridine-5’-triphosphate (UTP) was sub-
stituted entirely with N1-methylpseudouridine-5’-
triphosphate in transcription. A Vaccinia Capping
System was used to cap the synthesized mRNA.

Lipid Nanoparticle (LNP) Encapsulation: The
altered mRNA was enclosed in lipid nanoparticles
with the help of a microfluidic mixing device. The
lipid phase was composed of an ionizable phospha-
tidylcholine cationic lipid, cholesterol and poyeth-
ylene glycol (Peg) lipids in ethanol. The mRNA
was in citrate buffer (pH 4.0) in the aqueous phase.
At the flow rate ratio of 3:1 (aqueous:lipid), the
phases were mixed. The lipid nanoparticles that
resulted were centrifugally filtered against PBS
and dialyzed. A RiboGreen assay was used to de-
termine that encapsulation efficiency was greater
than 90%.

Experimental Grouping: The human periodon-
tal ligament fibroblastss were placed in either a
6-well plate or 96-well plate based on the test and
left to dry.

1. Negative Control (NC): Cells incubated with
PBS/empty lipid nanoparticles.

2. Positive Control (rhFGF-2): Cells exposed to
a recombinant protein of human FGF-2 in concen-
tration 10 ng/mL (added daily to the cell to simu-
late normal procedure).

3. Test Group (mRNA-FGF2): Cells were trans-
fected with LNP-encapsulated nucleoside-modi-
fied mRNA that encodes FGF-2 (1 ug mRNA per
well) at once at the baseline.

Cell Proliferation Assay: The Cell Counting Kit-
8 was used to evaluate the cell proliferation. The
seeding density of the cells was 3 x 103 cells/well
in the 96-well plates. Kit-8 reagent was brought at
24, 48, and 72 hours after the treatment and then
the plates were incubated at 2 hours. A microplate
reader was used to achieve absorbance at 450nm.

Scratch Wound Healing Assay: In order to test
cell migration, human periodontal ligament fi-
broblasts were cultured to confluence in 6-wells.

A uniform scratch was made at the middle of the
monolayer with sterile 200 pL tip of the pipette.
The debriefing was conducted through PBS wash-
ing. At 0, 12 and 24 hours, an inverted phase-con-
trast microscope was used to capture images. Im-
ageJ software was used to measure the wound area,
and a percentage of wound closure calculated.

Gene Expression Analysis: RNA was isolated
off the cells at 72 hours by the use of TRIzol re-
agent and cDNA generated by the help of a High-
Capacity cDNA Reverse Transcription Kit. Re-
verse transcription guantitaitive polymerase chain
reaction (RT-gPCR) was conducted to correct the
expression of Collagen Type | Alpha 1, Periostin
and Runt-related transcription factor 2. Glyceral-
dehyde-3-phosphate dehydrogenase was used as
the housekeeping gene. Relative gene expression
was determined through Delta-delta Ct method
(also known as the 2-2t method). The method was
devised by Kenneth Livak and Thomas Schmittgen
in 2001 [Livak K, Schmittgen T, 2001]

Statistical Analysis: Each experiment was con-
ducted 3 times and in triplicate and independently
repeated. The data is shown in the form of mean
and Standard Deviation (SD). One-way Analysis
of Variance (ANOVA) was used to analyze the sta-
tistical differences followed by the Tukey post hoc
test that compares multiple differences. Signifi-
cance of p-value was set at below 0.05.

RESULTS

Sustained Cell Proliferation via mRNA Trans-
fection: The proliferation rates of human periodontal
ligament fibroblasts were monitored over a 72-hour
period (Table 1). At the 24-hour time point, the Pos-
itive Control (thFGF-2) group exhibited the high-
est proliferation rate, significantly higher than the
Negative Control (p < 0.05), while the Test Group

TABLE 1.
Cell Proliferation Assessment
(OD Values at 450 nm)
Observation Time
24 h 48 h 72h
Negative Control 0.45+0.03 0.58+0.05 0.67+0.06
Positive control 0.78+0.06* 1.05+0.08* 1.15+ 009*
Test group 0.69+0.05 1.10+0.07*1.42+0.11"f

NorTEs: (*) - p<0.05 vs. Negative Control, (*) - p<0.01
vs. Negative Control, (1) - p < 0.01 vs.Positive control

Groups
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TABLE 2.
Wound Closure Percentage in Scratch Assay

Groups Observation Time

Oh 12h 24h
Negative Control 0 152+3.1 325148
Positive control 0 485+52* 76.1+55*
Test group 0 55.3+49* 884+4.2M

Nortes: (*) - p<0.05 vs. Negative Control, (*) - p<0.001 vs.
Negative Control, (T) - p < 0.05 vs. Positive control

showed a slight lag, likely due to the time required
for intracellular translation of the protein. However,
by 48 hours, the mRNA group equalized with the
protein group. Notably, at 72 hours, the mRNA that
encodes FGF-2 (mMRNA-FGF2) group demonstrated
a statistically superior proliferation rate compared
to the recombinant human FGF-2 group (p < 0.01).
This trend indicates that a single transfection of
MRNA provided a more sustained mitogenic effect
than the exogenous protein application.

Enhanced Migration Capability: The migratory
potential of human periodontal ligament fibroblasts
is critical for defect repopulation. The scratch assay
revealed that both treatment groups significantly ac-
celerated wound closure compared to the control (Ta-
ble 2). The mRNA-FGF2 group displayed the most
rapid closure rates. At 24 hours, the mRNA group
achieved near-complete closure (88.4%), which was
significantly higher than the recombinant human
FGEF-2 group (76.1%) and the control (32.5%).

Gene Expression Profile: Reverse transcrip-
tion quantitaitive polymerase chain reaction (RT-
gPCR) analysis at 72 hours assessed the differenti-
ation state of the cells (table 3). The mRNA-FGF2
group induced a robust upregulation of Periostin,
a marker specific to periodontal ligament integrity
and function, showing a 4.5-fold increase over the
control. Collagen type | alpha 1 expression was
significantly elevated in both treatment groups,
indicating active extracellular matrix production.

TABLE 3.
Relative Gene Expression
(Fold Change vs. Negative Control)
Negative Positive  Test p-value*
Control  control  group
COL1A1 1.0%+0.1 3.2+0.4 3.8+0.5 >0.05(ns)
POSTN 10+0.2 2.8+0345+06 <0.01
RUNX2 1.0+0.1 15+0.2 1.8+0.3 >0.05(ns)

Nores: (*) - mMRNA vs Protein, COL1A1 - Collagen Type
I Alpha 1, RUNX2 - Runt-related transcription factor 2

Gene

Interestingly, runt-related transcription factor 2,
an osteogenic marker, showed only mild elevation
in the MRNA group, suggesting that the treatment
primarily favored fibroblastic/ligamentous differ-
entiation rather than mineralization at this time
point, which is desirable for preventing ankylosis.

Discussron

The pilot study is one of the initial attempts
in the research of the use of chemically modified
mRNA technology in the regeneration of periodon-
tal ligament. The findings confirm the hypothesis
of FGF-2 LNP-encapsulated mRNA successfully
transfection of the human periodontal ligament
fibroblasts with the subsequent biological activity
i.e. proliferation and migration, comparable to or
better than that of conventional recombinant pro-
tein therapy.

The main conclusion of the present research is
the proliferative ability that was sustained in the
MRNA group. Although there was a peak of pro-
liferation in the recombinant human FGF-2 group,
the rate flattened by 72 hours. Conversely, the
MRNA group kept speeding up. This is in line with
the recent report of tissue engineering that intra-
cellular growth factor production represents physi-
ological secretion more closely than bolus protein
delivery [Balmayor ER, 2022]. Recombinant pro-
teins on cultures are prone to quick degradation
and denaturation [Chen FM et al., 2010]. The cells
produced new FGF-2 protein constantly through-
out the duration of the experiment by providing
the instruction manual (mMRNA), not the end prod-
uct, thus keeping the receptors saturated and other
downstream signaling pathways like MAPK/ERK
alive [Takayama S et al., 1997].

The observed mRNA group improvement in
migration is clinically significant (Table 2). The
success of the attachment in Guided tissue regen-
eration procedures is dependent on the race of slow-
migrating periodontal ligament cells and prompt
migrating epithelial cells [Melcher AH, 1976]. The
capacity of mRNA-FGF2 to trigger speedy wound
healing (88.4% at 24h) indicates that this modality
might generate a competitive edge of periodontal
ligament fibroblasts in vivo. This fact supports the
works of Khorsand et al., who observed the in-
crease in macrophage and stem cell recruitment in
the bone defects upon MRNA-BMP2 administra-
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tion [Khorsand B et al., 2017].

In terms of gene expression, Periostin is a ma-
tricellular protein that is essential to the periodontal
ligament integrity and reacting to mechanical load-
ing [Rios H et al., 2008]. The much greater upregu-
lation of POSTN in the mRNA group relative to the
protein group is an indication that the endogenous
production of FGF-2 can cause stronger feedback
loops to be activated in relation to the organization
of the matrix. In addition, runt-related transcription
factor 2 expression is controlled, too much osteo-
genic differentiation of periodontal ligament cells
may result in ankylosis (fusion of root to bone)
[Bosshardt DD, 2008]. The results indicate that the
mMRNA therapy preserves fibroblastic phenotype
that is necessary in soft tissue binding, and this is
a problem frequently referred to in growth factor
treatments [Bartold P et al., 2016].

The success of this study was determined by the
use of pseudouridine modification and LNP deliv-
ery. Indeed, early mRNA therapeutic approaches
were crippled by excessive immunogenicity, in
which exogenous RNA was recognized as vi-
ral and induced interferon signaling that aborted
translation [Kariké K et al., 2005]. When we ap-
plied the N1-methylpseudouridine modification
(Same technology used in COVID-19 vaccines) to
the transfected cells, we did not see any traces of
cytotoxicity or growth arrest, which supported the
biocompatibility of this platform in dental applica-
tions [Badieyan Z, Evans T, 2021].

This pilot study has limitations even though
these are good results. Being an in vitro monolayer
study, it is not able to capture the intricate immune

and microbial environment of the periodontal
pocket. The efficacy of transfection in the 2D cul-
ture can vary at the 3D fibrin clot or scaffold set-
ting [Elangovan S et al., 2015]. Also the length of
the production time of a single dose of MRNA has
to be characterized through a longer time span to
make judgments on whether there is need to dope
more than once although the limited lifespan of
MRNA is thought to be a safety benefit over DNA
vectors [Weng Y et al., 2020].

Further studies ought to be aimed at packing
these MRNA-LNPs into scaffold materials, includ-
ing collagen sponges or hydrogels, to be tested in
in vivo periodontal defect models. These studies
will help to decide whether the enhanced cellular
reactions in this case result into real functional re-
pair of cementum and periodontal ligament.

CONCLUSION

This paper shows that LNP-contained nucleo-
side-modified mRNA which encodes FGF-2 is ef-
fective in enhancing the proliferation and migra-
tion of human periodontal ligament fibroblasts.
The mRNA platform demonstrated a maintained
bioactive effect that was better than recombinant
protein administration, which was probably as a
result of sustained intracellular protein production.
Moreover, the level of Periostin was also greatly
increased by mRNA transfection, which suggests a
high prospect of the restoration of functional peri-
odontal ligament tissue. These results indicate that
a broad range of MRNA therapeutics has a prom-
ising future as an alternative to existing protein-
based regenerative therapy in periodontology.

AckNowLEDGEMENT: The corresponding author would like to thank the Deanship of Scientific Research,
Prince Sattam Bin Abdulaziz University, Al-Kharj, Saudi Arabia, for their support for this study.

REFERENCES

1. Badieyan ZS, Evans T (2021). Nanostruc-
tured materials for mMRNA delivery in tissue
engineering. Acta Biomater. 132:48-63. doi:
10.1016/j.actbio.2021.07.018

2. Balmayor ER (2022). mRNA Therapeutics
for Bone Tissue Engineering: The Future is
Now. Adv Drug Deliv Rev. 183:114152. doi:
10.1016/j.addr.2022.114152

3. Bartold PM, Gronthos S, Ivanovski S, Fisher
A, Hutmacher DW (2016). Tissue engineered

periodontal products. J Periodontal Res.
51(1):1-15. doi: 10.1111/jre.12275

4. Bosshardt DD (2008). Biological media-
tors and periodontal regeneration: a review
of enamel matrix proteins at the cellular
and molecular levels. J Clin Periodontol.
35(8 Suppl):87-105. doi: 10.1111/j.1600-
051X.2008.01263.x

5. Carrion B, Putnam AJ (2013). Adipose-de-
rived stem cells for bone tissue engineering.

54



THE NEW ARMENIAN MEDICAL JOURNAL, Vol. 20 (2026), Is.2, p. 50-55

JALALUDDIN M. et al.

10.

11.

12.

13.

14.

In: The Stem Cell Research Trends. New York:
Nova Science Publishers. p. 127-54.

Chen FM, Zhang J, Zhang M, An Y, Chen F,
Wu ZF (2010). A review on endogenous regen-
erative technology in periodontal tissue engi-
neering. Biomaterials. 31(31):7892-927. doi:
10.1016/j.biomaterials.2010.07.010

Cortellini P, Tonetti MS (2015). Clinical con-
cepts for regenerative therapy in intrabony de-
fects. Periodontol 2000. 68(1):282-307. doi:
10.1111/prd.12048

Eke PI1, Dye BA, Wei L, Slade GD, Thornton-Ev-
ans GO, Borgnakke WS et al. (2015). Update on
Prevalence of Periodontitis in Adults in the Unit-
ed States: NHANES 2009 to 2012. J Periodontol.
86(5):611-22. doi: 10.1902/jop.2015.140520

Elangovan S, Khorsand B, Do AV, Hong
L, Dewerth A, Kormann M et al. (2015).
Chemically modified RNA encoding BMP-
2 promotes large bone defect repair in rats.
Biomaterials. 63:10-9. doi: 10.1016/j.bioma-
terials.2015.06.016

Karik6 K, Buckstein M, Ni H, Weissman D
(2005). Suppression of RNA recognition by
Toll-like receptors: the impact of nucleoside
modification and the evolutionary origin of
RNA. Immunity. 23(2):165-75. doi: 10.1016/j.
immuni.2005.06.008

Khorsand B, Elangovan S, Hong L, Dewerth
A, Kormann MS, Salem AK (2017). A Com-
parative Study of the Bone Regenerative Ef-
fect of Chemically Modified RNA Encoding
BMP-2 or BMP-9. AAPS J. 19(2):438-46. doi:
10.1208/512248-016-0034-8

Kitamura M, Akamatsu M, Machigashira
M, Hara Y, Sakagami R, Hirofuji T et al.
(2011). FGF-2 stimulates periodontal regen-
eration: results of a multi-center randomized
clinical trial. J Dent Res. 90(1):35-40. doi:
10.1177/0022034510384616

Kowalski PS, Rudra A, Miao L, Anderson DG
(2019). Delivering the Messenger: Advances
in Technologies for Therapeutic nRNA Deliv-
ery. Mol Ther. 27(4):710-28. doi: 10.1016/j.
ymthe.2019.02.012

Lee K, Silva EA, Mooney DJ (2011). Growth
factor delivery-based tissue engineering: gen-
eral approaches and a review of recent devel-

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

opments. J R Soc Interface. 8(55):153-70. doi:
10.1098/rsif.2010.0223

Livak KJ and Schmittgen TD (2001). Analy-
sis of Relative Gene Expression Data Using
RealTime Quantitative PCR and the 22DDCT
Method;  Methods 25, 402-408 (2001);
doi:10.1006/meth.2001.1262

Melcher AH (1976). On the repair potential of
periodontal tissues. J Periodontol. 47(5):256-
60. doi: 10.1902/jop.1976.47.5.256

Murakami S (2011). Periodontal tissue regen-
eration by signaling molecule FGF-2. Clin
Calcium. 21(4):565-70.

Pardi N, Hogan MJ, Porter FW, Weissman D
(2018). mRNA vaccines - a new era in vac-
cinology. Nat Rev Drug Discov. 17(4):261-79.
doi: 10.1038/nrd.2017.243

Pihlstrom BL, Michalowicz BS, Johnson
NW (2005). Periodontal diseases. Lancet.
366(9499):1809-20. doi: 10.1016/S0140-
6736(05)67728-8

Rios H, Ma D, Xie Y, Hsiao H, Theofilopou-
lou E, Feng JQ et al. (2008). Periostin is es-
sential for the integrity and function of the
periodontal ligament during occlusal loading.
J Periodontol. 79(8):1480-90. doi: 10.1902/
jop.2008.070624

Sahin U, Kariké K, Tureci O (2014). mRNA-
based therapeutics--developing a new class of
drugs. Nat Rev Drug Discov. 13(10):759-80.
doi: 10.1038/nrd4278

Takayama S, Murakami S, Miki Y, lkezawa K,
Tasaka S, Terashima A et al. (1997). Effects
of basic fibroblast growth factor on human
periodontal ligament cells. J Periodontal Res.
32(8):667-75. doi: 10.1111/j.1600-0765.1997.
th00580.x

Weng Y, Li C, Yang T, Hu B, Zhang M, Guo
S et al. (2020). The challenge and prospect
of mRNA therapeutics landscape. Biotech-
nol Adv. 40:107534. doi: 10.1016/j.bio-
techadv.2019.107534

Zhang W, Dehghan-Baniani D, Ye H, Wang R,
Zheng F, Wu G et al. (2019). Nucleoside-mod-
ified MRNA encoding BMP-2 induces potent
bone regeneration in rat calvarial defects. Bio-
materials. 209:14-24. doi: 10.1016/j.biomate-
rials.2019.05.022

55



4.

11.

17.

23.

30.

36.

42.

50.

56.

65.

73.

82.

90.

98.

108

118

THE NEW ARMENIAN MEDICAL JOURNAL  _~

Volume20 (2026). Issue 2 SRS

CONTENTS

Das A.C., SAMIR PV,, KHAN S.H., FERNANDES B., ARYA A., MUSTAFA M.

ARTIFICIAL INTELLIGENCE IN THERAPEUTIC DECISION-MAKING FOR COMPLEX
DENTAL DISEASES: AREVIEW

Aram M.K. ALMmoHAMMED Y.E.M., HAJEER M.Y., ALANAZIA.W.N., ALANAzI ES.A., ALNAWMAST Y.M.E,
LABORATORY ASSESSMENT OF CRISPR-MEDIATED MODULATION OF OSTEOBLASTIC
AND OSTEOCLASTIC GENE EXPRESSION UNDER SIMULATED ORTHODONTIC FORCE

GEORGE A.L., PANICKER P., FRaNcIS F., RAGHUNANDANAN S., MOHIDEEN K., ALMUTAIRY M. F.
CAR-T-INSPIREDIMMUNOMODULATORYNANOVESICLESFORTARGETED ELIMINATION
OF ORAL SQUAMOUS CELL CARCINOMA CELLS

ALFAWZAN A.A., ALam M. K., HAJEER M.Y.
IN-VITRO EVALUATION OF NANOPARTICLE-REINFORCED ORTHODONTIC ADHESIVES
FOR ENHANCED SHEAR BOND STRENGTH AND ANTIMICROBIAL ACTIVITY

JADHAV S., PATRI G., BEHERA S.S.P.,, BANIK A., ARYA A., MUSTAFA M.
STEM-CELL-DERIVED BIOENGINEERED DENTAL PULP CONSTRUCTS FOR VITAL PULP
THERAPY: ARANDOMIZED LABORATORY TRIAL

TUENKAR Y. A., SHANKARGOUDA S., SEHDEV B., SINGH R.B., RAMAMURTHY J., MAHAPATRA N.
AI-GUIDED PERSONALIZED DRUG-DELIVERY NANOPARTICLES FOR PRECISION
TREATMENT OF PERI-IMPLANTITIS: A MULTICENTER EVALUATION

SADATMANSOURI S., DADEHBEIGLOU P., NEMATI ANARAKI S., RAHMATPANAH K.
CYANOACRYLATE VS. DENTIN BONDING ON REDUCING DENTAL SENSITIVITY

JALALUDDIN M., CALIAPEROUMAL S.K., JAYANTI 1., PATIL M., RAMAMURTHY J., MUSTAFA M.
MRNA-BASED REGENERATION OF PERIODONTAL LIGAMENT FIBROBLASTS: A
TRANSLATIONAL PILOT STUDY

AzaryaN V.YuU., YESSAYAN L. K., SHMAVONYAN M.V., MURADYAN A.A.
EVALUATING THE EFFECTS OF CIGARETTE SMOKING AND HEATED TOBACCO
PRODUCTS ON THE ORAL MUCOSA AND PERIODONTIUM IN PATIENTS WITH HEPATIT C
VIRUS IN ARMENIA: APILOT STUDY

MoHAMMADI E., NAZARBAGHI S., HAJIESMAELLO M.
COMPARATIVE EFFICACY OF LOW-LEVEL LASER THERAPY AND TRANSCUTANEOUS
ELECTRICAL NERVE STIMULATION IN THE MANAGEMENT OF DIABETIC PERIPHERAL
NEUROPATHY: ARANDOMIZED CONTROLLED TRIAL

HoOSSEINIAZAR M.M., KABOUDMEHRI M., ROOSTA Y.
PREDICTIVE VALUE OF SERUM TRACE ELEMENTS FOR CHEMOTHERAPEUTIC EFFICACY
IN GASTRIC AND COLON CANCER: A CROSS-SECTIONAL STUDY

ESMAEILZADEH M., ASHT'A'RI MEHRJARDI A., MOHAMMADINIA O., MOHAMMADPOUR S.,
HokmaBaDI M.E., AMINI F., Azizr T., VAKILI AHRARI Rop1 M.
NEW HORIZONS IN SUBSTANCE ABUSE DISORDER: A SYSTEMATIC REVIEW OF
EPIGENETIC MECHANISMS AND MULTIDIMENSIONAL PERSPECTIVES (2023-2025)

SHAHROKHI-FARD P, SAGHEBI A., TALAEI A.
EFFECTIVENESS OF ACCEPTANCE AND COMMITMENT THERAPY ON COVID-19
PROTECTION INDICATORS, PHYSICAL DISORDER SYMPTOMS, AND PERCEIVED STRESS
IN HEALTHCARE PERSONNEL IN MASHHAD HOSPITALS

SURKUNDA T S., STANLEY W., ELENJICKAL V., BALLAL A., NAGARAJU S., BOPPE S., KAMATH N., SHASTRY B.
CLINICAL FEATURES, OUTCOMES AND COMPARATIVE EVALUATION OF DIAGNOSTIC
CRITERIA OF INVASIVE ASPERGILLOSIS AT A TERTIARY CARE CENTRE: A
RETROSPECTIVE OBSERVATIONAL STUDY

SABERI M.K, MOKHTARI H., HOSEINI AHANGARI S.A., OUCHI A., SHOURCHEH B.

THE ONLINE ATTENTION TO SPIRITUAL HEALTH RESEARCH: AN ALTMETRIC ANALYSIS
LETTER To THE EDITOR
A GENERALIZED ANALYTICAL REVIEW OF ARTICLES IN A ISSUE 2 ON ADVANCED TECH-
NOLOGIES IN MODERN STOMATOLOGY



THE NEW ARMENIAN MEDICAL JOURNAL
Volume 20 (2026) Issue 2

The Journal is founded by
Yerevan State Medical
University after M. Heratsi.

. Rector of YSMU

Armen A. MURADYAN

Address for correspondence:

Yerevan State Medical University
2 Koryun Street, Yerevan 0025,
Republic of Armenia

Phones:

(+37410) 582532 YSMU

(+37493) 588697 Editor-in-Chief

Fax: (+37410) 582532
E-mail:namj.ysmu@gmail.com, ysmiu@mail.ru
URL:http//mwww.ysmu.am

Our journal is registered in the databases of Scopus, EBSCO
and Thomson Reuters (in the registration process)

EBSCO

Scorus EBSCO THE GUFO

Print in "Monoprint" LLC
Director: Armen Armenakyan
Andraniks St., 96/8 Bulding
Yerevan, 0064, Armenia
Phone: (+37491) 40 25 86
E-mail: monoprintl@mail.ru

TheGufo is an online database platform designed to help researchers
publish and share their scientific work on a global scale. Our company was
founded to address the need for anaffordable and user-friendly platform that
removes many of the barriers traditionally imposed bythe publishing industry.

All scientific work published through TheGufo complies with Creative
Commons 4.0 and other recognized standards to ensure authenticity, proper
referencing, and academic integrity. Each submission undergoes a detailed
peer-review process prior to publication.

Our mission is to provide researchers worldwide with a professional,
accessible, and cost-effective platform to share both new and existing work
with their peers. To further encourage participation, we also offer special
promotional programs for academic institutions.

Dear reader, to access our website, please follow the link below
https://thegufo.com/ https:/

Editor-in-Chief
Arto V. ZiLryan (Yerevan, Armenia)
Deputy Editors

Hovhannes M. ManvELYAN (Yerevan, Armenia)
Hamayak S. Sisakyan (Yerevan, Armenia)
Executive Secretary

Stepan A. Avacran (Yerevan, Armenia)
Editorial Board

Armen A. Murapyan (Yerevan, Armenia)
Drastamat N. KHuDpAvERDYAN (Yerevan, Armenia)
Suren A. STEPANYAN (Yerevan, Armenia)
Foregin Members of the Editorial Board
Waleed GHaNima (Oslo, Norwey)
Carsten N. Gutt (Memmingen, GERMAY)
Ming-Hua Zuene (Wenzhou, China)
Coordinating Editor (for this number)
Farzad Karimpour (Yasuj, IR Iran)
Editorial Advisory Council
Vahe Yu. Azaryan (Yerevan, Armenia)
Ara S. BaBLoyan (Yerevan, Armenia)
Ines Bansarr (Osijek, Croatia)
Azat A. ENGiBARYAN (Yerevan, Armenia)
Mahdi EsmateiLzaper (Mashhad, IR Iran)
Ruben V. FanarJvan (Yerevan, Armenia)
Gabriele FrRaGgasso (Milano, Italy)
Samvel G. GaLsTyan (Yerevan, Armenia)
Armen Dz. HamBarpzUMYAN (Yerevan, Armenia)
Airazat M. Kazaryan (Oslo, Norwey)
Seyran P. KocHaRryan (Yerevan, Armenia)
Levon M. MkrrcHYaN (Yerevan, Armenia)
Ashot M. MkrTumyaN (MoscowRussia)
Mariam R Movsisyan (Gumri, Armenia)
Mikhail Z. Narimanyan (Yerevan, Armenia)
Sevak SHaAHBAZYAN (Yerevan, Armenia)
Arthur K. SHUukURYAN (Yerevan, Armenia)
Gevorg N. Tamamyan (Yerevan, Armenia)
Marine M. TanasHyan (Moscow, Russia)
Hakob V. TopcHyan (Yerevan, Armenia)
Alexander Woobpman (London, England)
Konstantin B. YENkoyan (Yerevan, Armenia)
Yumei Nrv (Harbin, China)
Peijun Wane (Harbin, Chine)





