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~— ABSTRACT

Background. Fibroblast growth factor receptor 2 (FGFR2) is a protein involved in numerous biological
processes, including embryonic development, angiogenesis, tissue maintenance, and cancer progression.

Aim of the study. To evaluate FGFR2 mRNA expression levels in breast cancer patients and assess its
potential as a diagnostic biomarker using RT-qPCR.

Methodology. Fifty blood samples were analyzed (25 from breast cancer patients and 25 from healthy

~

controls). Two milliliters of each specimen were used for extraction of ribonucleic acid (RNA) and synthesis of
complementary DNA (cDNA) from the extracted RNA, followed by evaluation of FGFR2 gene expression
using RT-gPCR. The 2-AACt method was used for relative quantification of FGFR2 mRNA expression,

normalized to the p-actin reference gene.

Results. FGFR2 gene expression analysis demonstrated a significant 7.5-fold increase in expression (p <
0.05) in the breast cancer group compared with the control group.

Conclusion. FGFR2 gene expression was significantly higher in breast cancer patients than in healthy
controls, suggesting that FGFR2 may represent a potential non-invasive biomarker for breast cancer. Further
studies with larger cohorts and protein-level validation are needed.
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INTRODUCTION

Fibroblast growth factor receptors (FGFRs) play piv-
otal roles in various biological processes, including reg-
ulatory signaling, tissue growth, differentiation, migra-
tion, and cellular function. FGFR2 is a member of the
FGFR family and contributes to the regulation of cell
division, movement, and development through interac-
tion with fibroblast growth factors and other signaling
molecules [1]. The signaling pathways activated by FG-
FRs are also important in numerous physiological func-
tions in the adult body, such as the regulation of blood
vessel formation and tissue repair [2]. FGFRs are found
in a variety of cell types and regulate essential cellular
behaviors in cancer cells [3]. In the early stages of bone
development, fibroblast growth factor receptors 1 and
2 regulate osteogenesis and are also found in the peri-

chondrium and periosteum [4]. Conversely, FGFR3 is
primarily present in chondrocytes and has been shown
to influence the ossification process by regulating bone
tissue formation [5].

Among the FGFRs, FGFR2 has a clear role in bone
development. Recent findings have shown that dysreg-
ulation of FGFR2 signaling is commonly observed in dif-
ferent types of malignancies and hematologic disorders
[6]. Additional biological alterations in FGFR3 include
gene amplification in urinary tumors and mutations in
various plasma cell cancers [7]. Moreover, disruption of
fibroblast growth factor signaling has been document-
ed in multiple cancer types. FGFR1 expression has been
observed in approximately 10% of breast cancers and
oral squamous cell carcinomas, and it has also been
identified at lower rates in ovarian cancer, bladder can-
cer, and rhabdomyosarcoma [8]. FGFR2 mutations can
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be found in 12% of uterine tumors, while they are ap-
parently infrequent in gastrointestinal tumors [9]. High
levels of FGFR2 expression and molecular alterations
have also been reported in gastrointestinal malignan-
cies [10]. Targeted therapy generally relies on diagnos-
tic testing that demonstrates overexpression or molec-
ular alteration of the FGFR2 gene in tumor tissue [11].
However, FGFR2 expression may not always be detecta-
ble in diagnostic biopsies at the initial tumor stage, and
tumor evolution, as well as variable patterns of FGFR2
expression, may influence the efficacy of selected treat-
ments, further supporting the exploration of FGFR2 as
a therapeutic target in gastrointestinal tumors [12].

FGFR2 is required for appropriate embryonic pat-
terning, trophoblastic activity, limb bud formation, lung
development, bone formation, and skin development.
It plays a crucial role in controlling osteoblast differenti-
ation, growth, and apoptosis and is necessary for nor-
mal skeletal development. It also promotes cell growth
in keratinocytes and immature osteoblasts [13].

The thermocycler technique was originally used to
identify specific nucleotide sequences and has devel-
oped into a reliable research instrument in biological
and medical fields. Its application to RNA research was
based on the use of reverse transcription to generate a
DNA template, followed by amplification through poly-
merase chain reaction, a process referred to as reverse
transcription polymerase chain reaction (RT-PCR) [14].
However, due to limitations in precise quantification,
standard PCR underwent refinements that led to the
development of a more powerful analytical technique
known as real-time quantitative PCR (RT-qPCR) [15].

RT-gPCR is a versatile technique with applications
ranging from fundamental molecular research to ge-
netic identification and molecular diagnostics [16]. Its
broader use is particularly relevant in clinical and re-
search settings, including in developing countries [17].
This technique modifies the conventional PCR approach
by enabling real-time monitoring of the amplification
process [18]. RT-gPCR is an enzyme-based laboratory
method used to exponentially amplify and quantify
specific nucleic acid targets [19]. DNA template, prim-
ers, nucleotides (dNTPs), and heat-stable DNA polymer-
ase are required as reaction components [20].

The current study aimed to evaluate FGFR2 gene ex-
pression and assess its potential as a biomarker in
breast cancer using RT-qPCR.

MATERIALS AND METHODS
Study design and participants

The patient group (n = 25) consisted of female
breast cancer patients aged 20 to 60 years who had not
received prior chemotherapy. The control group (n =
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25) comprised healthy females of the same age group
(Table 1).

TABLE 1. Demographic and clinical characteristics of study
participants

Characteristic Patl(in: ;isr)oup Con(tr:’zl str)oup
Age (years), Mean £ SD | 45.2 + 8.5% 46.1 +7.9%
Age range (years) 20-60 20-60
Sex All Female All Female
Diagnosis Breast Cancer Healthy
Prior chemotherapy No N/A

In total, 50 blood samples were collected for FGFR2
analysis from a private laboratory in Basrah between
March and May 2024. The participants’ ages ranged
from 20 to 60 years. In the control group, 25 blood sam-
ples were collected using a sterile syringe from healthy
volunteers. Two milliliters of each sample were placed
into EDTA tubes and processed within 2 hours to ensure
RNA stability for RNA extraction in both groups. Subse-
quently, cDNA was synthesized from all RNA samples,
and SYBR Green was used to measure FGFR2 (target
gene) and B-actin (housekeeping gene) expression lev-
els using RT-gPCR.

The selection of B-actin as a single reference gene
was justified by its established stability in breast cancer
research and whole blood samples. Previous studies on
breast cancer progression and RT-gPCR normalization,
including research on Iragi women with breast cancer,
support the use of B-actin as an internal control for
data normalization in this study [21-23].

Gene expression analysis of FGFR2 gene

RNA was extracted from whole blood according to
the manufacturer’s guidelines using the GENEzol™ TriR-
NA Pure kit (Geneaid). All extraction steps were carried
out at 4°C as outlined below. A total of 200 uL of blood
was added to a 1.5 mL microcentrifuge tube, followed
by the addition of 700 pL of GENEzol™ reagent, and
then allowed to stand at room temperature for 5 min-
utes. The solution was centrifuged at 12,000 rpm for 1
minute, and the clear supernatant was transferred into
a sterile 1.5 mL microcentrifuge tube. Absolute ethanol
of an equal volume was added and mixed thoroughly
using a vortex.

A total of 700 pL of the mixture was transferred to
the RB column in a 2 mL collection tube and centrifuged
at 12,000 rpm for 1 minute; the flow-through was dis-
carded. The remaining mixture underwent the same
process. The column was then placed into a new collec-
tion tube. A total of 400 uL of wash buffer was added
and centrifuged at 12,000 rpm for 30 seconds.

Five microliters of DNase were mixed with 45 pL of
DNase buffer for each sample, added to the center of
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the RB column, and incubated at 25°C for 15 minutes.
Then, 400 pL of pre-wash buffer was added and centri-
fuged at 12,000 rpm for 30 seconds, after which the
flow-through was discarded. This step was repeated
twice using wash buffer. The RB column was centri-
fuged at 12,000 rpm for 3 minutes to remove residual
moisture and transferred into a clean, sterile 1.5 mL mi-
crocentrifuge tube.

The isolated RNA was eluted by adding 50 uL of
RNase-free water to the center of the column, incubat-
ing it for 2 minutes, and centrifuging at 12,000 rpm for
1 minute. RNA purity and concentration were assessed
using a Nanodrop spectrophotometer, and the A260/
A280 ratio was determined after preparing the blank
with RNase-free water. RNA samples were stored at
-80°C for further analysis.

cDNA synthesis for RT-PCR

Total RNA from each sample was converted into
cDNA using the AccuPower® RocketScript™ RT PreMix
kit (Table 2). RNA template and nuclease-free water
were added to the cDNA master mix tubes, mixed thor-
oughly using a mini vortex, and subjected to thermal
cycling according to the conditions shown in Table 3.

TABLE 2. Reference volumes for a single cDNA reaction

Reagents Volume (pl)
RNA template 2
Nuclease free water 18
Total volume 20

TABLE 3. cDNA synthesis program for RT-PCR

Steps Temperature Time
Primer annealing 37°C 10 min
cDNA synthesis 60 °C 1hr
Heat inactivation 95°C 5 min

Table 4 shows the FGFR2 primer sequences and
their length [24]. Table 5 presents the reaction volumes
for RT-gPCR using SYBR Green, while Table 6 shows the
FGFR2 gene expression protocol.

RT-qPCR quality control and statistical analysis

To ensure the reliability and accuracy of the RT-gPCR
results, several quality control measures were imple-
mented. All samples were analyzed in technical tripli-
cates, and consistency of Ct values across replicates
was verified. No-template controls (NTCs) were includ-
ed in each run to detect potential contamination, and
all NTCs yielded negative results.

Specificity of the amplification products was con-
firmed by melt curve analysis, which showed a single
distinct peak for both FGFR2 and B-actin, indicating the
absence of primer-dimers or non-specific amplification.
Furthermore, to control for potential genomic DNA
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TABLE 4. Primer used for amplify FGFR2 gene and their length

Primer

No. | Primer length

Primers sequence

FGFR2-F | 5'-GCTGACTTCTATTTATATAACTTCAAGC-3' | 28

FGFR2-R | 5'-CAGAAG TGAGAGTGGCATGATC-3' 26

TABLE 5. Volumes for a single gPCR reaction using SYBR Green

Reagents Volume (pl)

Go Taq RT-qPCR 8

F primer 2

R primer 2

cDNA 1

Double distilled water 7

Total amount 20
TABLE 6. FGFR2 gene expression protocol

Stages Temp:e rature Time Cycles
(°c)

Initial denaturation 94°C 5 min 1
Denaturation 94°C 30 sec 45
Annealing 60°C 30 sec

Extension 72°C 40 sec

contamination, all RNA samples underwent DNase |
treatment before cDNA synthesis.

Both ACt and AACt values were calculated for individu-
al samples in the patient and control groups to represent
biological variability. ACt values were statistically com-
pared using Student’s t-test, as they represent normalized
expression levels and typically follow a normal distribu-
tion. Normality of ACt values was tested using GraphPad
Prism 9 (p > 0.05). A two-tailed t-test was applied, and
equality of variances was assessed using the F-test.

For B-actin, the primer sequences used were for-
ward 5'-ATGGGTCAGAAGGATTCCTATGT-3' and reverse
5'-AGCCACACGCAGCTCATT-3' [25]. PCR reactions were
carried out in a total volume of 20 uL, as described in
Table 5 [26].

RESULTS

Estimating of expression level of the FGFR2 gene

Melt curve analysis confirmed the specificity of the
RT-qPCR products, showing a single, sharp peak for
both FGFR2 and PB-actin, indicating the absence of
non-specific amplification or primer-dimers. The dis-
tinct melting temperatures (Tm) for each amplicon fur-
ther validated the purity of the PCR products (Figure 1).

For the FGFR2 gene, primers labeled with the green
fluorescent dye SYBR were used as the detection sys-
tem, and primer binding was specific to the target gene
(Figure 2). Relative mRNA expression levels and the
comparison between breast cancer patients and healthy
controls are illustrated in Figure 3.
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FIGURE 1. Melt curve analysis of FGFR2 and f-actin amplification products
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FIGURE 2. Real-time RT-gPCR amplification plots for the FGFR2 gene
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FIGURE 3. Relative mRNA expression of the FGFR2 gene in breast cancer patients and healthy controls
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TABLE 7. Quantitative results of FGFR2 mRNA expression levels in breast cancer patients and healthy controls

Study group Sample size | Mean Ct | Mean Ct|M e a n|Fold change (2- | p-value
(N) (FGFR2) £ SD | (B-actin) + SD | ACt£SD AACt)

Breast cancer patients |25 2412 +1.15 |18.34+0.85 |5.78+0.42 |7.5 <0.01

Healthy controls 25 26.85+1.42 |18.15+0.92 |8.70+0.65 | 1.0 (calibrator) |-

The RT-gPCR results were analyzed using the AACt
method. Cycle threshold (Ct) values for the FGFR2 gene
and the housekeeping gene (B-actin) were determined
[25]. The following steps were used to calculate gene
expression [27]:

ACt = Ct target gene — Ct housekeeping gene

ACt (patient) = Ct patient — Ct housekeeping gene

ACt (control) = Ct control — Ct housekeeping gene

AACt = ACt patient — ACt control

Gene expression = 2-AACT

Fold change (FC) = expression (patients) / expres-
sion (controls)

As shown in Table 7, quantitative analysis using the
2-AACt method revealed a significant 7.5-fold increase
in FGFR2 mRNA expression in the breast cancer patient
group compared with the healthy control group (p <
0.05). The B-actin gene was used as an internal refer-
ence for normalization.

The stability of B-actin expression was confirmed
within the dataset, with mean Ct values of 18.34 + 0.85
in the patient group and 18.52 + 0.92 in the control
group, showing no statistically significant difference (p
= 0.48).

DISCUSSION

Gene amplification and overexpression of fibroblast
growth factor receptor 2 (FGFR2) have been identified
as important features in cancer biology and targeted
therapies, as reported by Katoh et al. [28]. In the pres-
ent study, we demonstrated a significant 7.5-fold in-
crease in FGFR2 mRNA expression in breast cancer pa-
tients compared with healthy controls, supporting its
potential involvement in tumorigenesis. These findings
are consistent with previous reports indicating in-
creased FGFR2 expression in malignant tissues and its
association with tumor progression [29-31].

The observed overexpression of FGFR2 may reflect
its role in promoting cellular proliferation, survival, and
angiogenesis, processes that are critical in cancer de-
velopment. FGFR2 signaling has been implicated in
pathways involved in tumor growth and progression, as
supported by previous studies on fibroblast growth fac-
tor receptor biology and oncogenicsignaling [3,4,32,33].
Similar observations of elevated protein and mRNA ex-
pression levels have been reported in various tumor
types [30,31]. This biological relevance supports the
potential of FGFR2 as both a diagnostic biomarker and
a therapeutic target.
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The use of B-actin as a housekeeping gene provided
stable normalization in this study, which is consistent
with previous reports supporting its application in gene
expression studies [21,22]. The absence of significant
variation in PB-actin expression between groups
strengthens the reliability of the relative quantification
results obtained using the 2-AACt method.

RT-gPCR is a sensitive and specific technique for
gene expression analysis and was appropriately used in
this study [11,12]. It allows accurate quantification of
nucleic acids and reduces the need for post-amplifica-
tion processing, thereby minimizing analytical errors.
These advantages have contributed to its widespread
use in molecular diagnostics and gene expression stud-
ies [16,17].

The role of fibroblast growth factors (FGFs) in tissue
development, cellular differentiation, and bone forma-
tion has been well documented [18,19,34-40]. FGFR2
specifically plays a crucial role in cellular growth and
regulation, supporting its involvement in cancer-relat-
ed processes [3,4,41,42].

Accurate quantification of RNA in clinical samples
depends on normalization of the target gene against
housekeeping genes [43]. RT-qPCR is increasingly used
alongside conventional techniques for gene expression
analysis [44]. The results obtained from RT-PCR are of-
ten complemented by real-time PCR for improved
guantification [45,46]. Housekeeping genes are gener-
ally expressed consistently across tissues; however,
their expression should be stable and not influenced by
disease conditions [47,48].

Despite these findings, the clinical applicability of
FGFR2 as a biomarker requires further investigation. Al-
though overexpression was clearly demonstrated, addi-
tional studies are needed to determine its diagnostic
sensitivity and specificity, as well as its prognostic value
and response to targeted therapies.

Limitations

The limitations of this study include the relatively
small sample size and the focus on mRNA expression
levels only. Further studies are required to validate
these findings at the protein level using techniques
such as Western blotting.

CONCLUSION

FGFR2 gene expression was significantly higher in
breast cancer patients than in healthy controls, sug-



gesting that FGFR2 may represent a potential non-inva-
sive biomarker for breast cancer. However, the present
study evaluated mRNA expression only and did not as-
sess protein expression or clinical outcomes. Further
studies with larger cohorts and protein-level validation
are needed to confirm the diagnostic and prognostic
value of FGFR2 in breast cancer.

Ethical approval

The Ethics Committee of the College of Science, Uni-
versity of Basrah, approved the study on March 5, 2024
(Approval No. EC/358). Written informed consent was
obtained before blood collection in accordance with
the Declaration of Helsinki.

Acknowledgements

The authors express their gratitude to the Ministry of
Higher Education and Scientific Research and the Univer-
sity of Basrah for their support and contributions.

RomaniaN JoUurNAL oF MEebicaL PracTice — VoLume 21, No. 2 (109), 2026

Conflict of interest

The authors declare no conflict of interest.

Financial support

This research received no external funding.

Authors’ contributions

Conceptualization, Hala F. Hassan, Adnan I. Al-Bad-
ran; methodology, Hala F. Hassan; software, Adnan I.
Al-Badran; validation, Hala F. Hassan; formal analysis,
Adnan |. Al-Badran; investigation, Adnan |. Al-Badran;
resources, Hala F. Hassan; data curation, Hala F. Hassan;
writing—original draft preparation, Adnan I. Al-Badran;
writing—review and editing, Hala F. Hassan; visualiza-
tion, Hala F. Hassan; supervision, Adnan |. Al-Badran;
project administration, Hala F. Hassan; funding acquisi-
tion, Adnan I. Al-Badran. All authors have read and
agreed to the published version of the manuscript.

REFERENCES

1. ltoh H, Hattori Y, Sakamoto H, Ishii H, Kishi T,
Sasaki H et al. Preferential Alternative
Splicing in Cancer Generates a K-sam
Messenger RNA with Higher Transforming
Activity. Cancer Res. 1994;54(12):3237-41.

2. Moffa AB, Tannheimer SL, Ethier SP.
Transforming Potential of Alternatively
Spliced Variants of Fibroblast Growth Factor
Receptor 2 in Human Mammary Epithelial
Cells. Mol Cancer Res. 2004;2(11):643-52.
doi: 10.1158/1541-7786.643.2.11.

3. Grose R, Dickson C. Fibroblast growth factor
signaling in tumorigenesis. Cytokine Growth
Factor Rev. 2005;16(2):179-86. doi:
10.1016/j.cytogfr.2005.01.003.

4. Turner N, Grose R. Fibroblast growth factor
signalling: from development to cancer. Nat
Rev Can. 2010;10(2):116-29. doi: 10.1038/
nrc2780.

5. Jang JH, Shin KH, Park JG. Mutations in
Fibroblast Growth Factor Receptor 2 and
Fibroblast Growth Factor Receptor 3 Genes
Associated with Human Gastric and
Colorectal Cancers. Cancer Res.
2001;61(9):3541-3.

6. DuttA, Salvesen HB, Chen T, Ramos AH,
Onofrio RC, Hatton C et al. Drug-sensitive
FGFR2 mutations in endometrial carcinoma.
Proc Natl Acad Sci U S A.
2008;105(25):8713-7. doi: 10.1073/
pnas.0803379105.

7. Matsunobu T, Ishiwata T, Yoshino M,
Watanabe M, Kudo M, Matsumoto K et al.
Expression of keratinocyte growth factor
receptor correlates with expansive growth
and early stage of gastric cancer. Int J Oncol.
2006;28(2):307-14. doi: 10.3892/ijo.28.2.307.

8. Toyokawa T, Yashiro M, Hirakawa K.

Co-expression of keratinocyte growth factor
and K-sam is an independent prognostic
factor in gastric carcinoma. Oncol Rep.
2009;21(4):875-80. doi: 10.3892/
or_00000297.

9. Gerlinger M, Swanton C. How Darwinian

models inform therapeutic failure initiated by
clonal heterogeneity in cancer medicine. Br J
Cancer. 2010;103(8):1139-43. doi: 10.1038/
sj.bjc.6605912.

10. Templeton N. The polymerase chain reaction.
History, methods, and applications. Diagn
Mol Pathol. 1992;1(1):58-72. doi:
10.1097/00019606-199203000-00008.

11. Kubista M, Andrade JM, Bengtsson M,
Forootan A, Jonak J, Lind K et al. The
real-time polymerase chain reaction. Mo/
Aspects Med. 2006;27(2-3):95-125. doi:
10.1016/j.mam.2005.12.007.

12. Arya M, Shergill IS, Williamson M,
Gommersall L, Arya N, Patel HR. Basic
principles of real-time quantitative PCR.
Expert Rev Mol Diagn. 2005;5(2):209-19. doi:
10.1586/14737159.5.2.209.

13. Artika IM, Wiyatno A, Ma’roef CN. Pathogenic
viruses: Molecular detection and
characterization. Infect Genet Evol.
2020;81:104215. doi: 10.1016/).
meegid.2020.104215.

14.Rocha AJ, Miranda RS, Sousa AJS, Silva
ALC. Guidelines for successful quantitative
gene expression in real-time qPCR assays.
In: Polymerase chain reaction for biomedical
applications. IntechOpen; 2016. doi:
10.5772/65850.

15. Riswari SF, Ma'roef CN, Djauhari H, Kosasih
H, Perkasa A, Yudhaputri FA et al. Study of
viremic profile in febrile specimens of

chikungunya in Bandung, Indonesia. J Clin
Virol. 2016;74:61-5. doi: 10.1016/).
jcv.2015.11.017.

16. Deepak SA, Kottapalli KR, Rakwal R, Oros
G, Rangappa KS, Iwahashi H et al.
Real-Time PCR: Revolutionizing Detection
and Expression Analysis of Genes. Curr
Genomics. 2007;8(4):234-51. doi:
10.2174/138920207781386960.

17.Navarro E, Serrano-Heras G, Castafio MJ,
Solera J. Real-time PCR detection chemistry.
Clin Chim Acta. 2015;439:231-50. doi:
10.1016/j.cca.2014.10.017.

18. Charoenlarp P, Rajendran AK, Iseki S. Role
of fibroblast growth factors in bone
regeneration. Inflamm Regen. 2017;37:10.
doi: 10.1186/s41232-017-0043-8.

19.Nakamura T, Hara Y, Tagawa M, Tamura M,
Yuge T, Fukuda H, Nigi H. Recombinant
Human Basic Fibroblast Growth Factor
Accelerates Fracture Healing by Enhancing
Callus Remodeling in Experimental Dog
Tibial Fracture. J Bone Miner Res.
1998;13(6):942-9. doi: 10.1359/
jbmr.1998.13.6.942.

20. Zellin G, Linde A. Effects of recombinant
human fibroblast growth factor-2 on
osteogenic cell populations during orthopic
osteogenesis in vivo. Bone. 2000;26(2):161-
8. doi: 10.1016/s8756-3282(99)00252-5.

.Morse DL, Carroll D, Weberg L, Borgstrom
MC, Ranger-Moore J, Gillies RJ. Determining
suitable internal standards for MRNA
quantification of increasing cancer progression
in human breast cells by real-time reverse
transcriptase polymerase chain reaction. Anal
Biochem. 2005;342(1):69-77. doi: 10.1016/j.
ab.2005.03.034.

2

—_

121


http://doi.org/10.1158/1541-7786.643.2.11
http://doi.org/10.1016/j.cytogfr.2005.01.003
http://doi.org/10.1038/nrc2780
http://doi.org/10.1038/nrc2780
http://doi.org/10.1073/pnas.0803379105
http://doi.org/10.1073/pnas.0803379105
http://doi.org/10.3892/ijo.28.2.307
http://doi.org/10.3892/or_00000297
http://doi.org/10.3892/or_00000297
http://doi.org/10.1038/sj.bjc.6605912
http://doi.org/10.1038/sj.bjc.6605912
http://doi.org/10.1097/00019606-199203000-00008
http://doi.org/10.1016/j.mam.2005.12.007
http://doi.org/10.1586/14737159.5.2.209
http://doi.org/10.1016/j.meegid.2020.104215
http://doi.org/10.1016/j.meegid.2020.104215
http://doi.org/10.1016/j.jcv.2015.11.017
http://doi.org/10.1016/j.jcv.2015.11.017
http://doi.org/10.2174/138920207781386960
http://doi.org/10.1016/j.cca.2014.10.017
http://doi.org/10.1186/s41232-017-0043-8
http://doi.org/10.1359/jbmr.1998.13.6.942
http://doi.org/10.1359/jbmr.1998.13.6.942
http://doi.org/10.1016/s8756-3282(99)00252-5
http://doi.org/10.1016/j.ab.2005.03.034
http://doi.org/10.1016/j.ab.2005.03.034

RomaniaN JournAL oF MebicaL PracTice — VoLume 21, No. 2 (109), 2026

22.Kihg Y, Celebiler AC, Sakizli M. Selecting
housekeeping genes as references for the
normalization of quantitative PCR data in
breast cancer. Clin Transl Oncol.
2014;16(2):184-90. doi: 10.1007/s12094-
013-1058-5.

23.Mohammed SS, Hanaa ALM, Yalda MI.
Selecting Suitable Reference Gene for
RT-qPCR Normalization in FFPE Breast
Cancer Tissues for Duhok/Iragi Women.
Al-Nahrain J Sci. 2024;27(1):12-8. doi:
10.22401/ANJS.27.1.02.

24.Manage DP, Ma L, Lauzon J, Howell A,
Belch AR, Mackey JR, Pilarski LM.
Genotyping Single Nucleotide
Polymorphisms in Human Genomic DNA
with an Automated and Self-Contained PCR
Cassette. J Mol Diagn. 2014;16(5):550-7.
doi: 10.1016/j.jmoldx.2014.04.004.

25. Ayoob AN, Al-Badran Al, Abood RA. PSCA
gene expression in bladder, colorectal and
prostate cancer patients from Basrah
governorate southern of Iraq. Asia-Pac J

Mole Biol Biotechnol. 2024;32(1):93-100. doi:

10.35118/apjmbb.2024.032.1.10.

26. Abd Al-Wahid ZH, Abd Al-Abbas MJ.
Expression of hemolysin specific for S.
aureus in different bacterial species isolated
from variant clinical sources. J Popul Ther
Clin Pharmacol. 2023;30(11):69-80. doi:
10.47750/jptcp.2023.30.11.009.

27. Livak KJ, Schmittgen TD. Analysis of
Relative Gene Expression Data Using
Real-Time Quantitative PCR and the 2-
AACT Method. Methods. 2001;25(4):402-8.
doi: 10.1006/meth.2001.1262.

28. Katoh M, Nakagama H. FGF Receptors:
Cancer Biology and Therapeutics. Med Res
Rev. 2014;34(2):280-300. doi: 10.1002/
med.21288.

29.Yang J, Zhu L, Cai Y, Suo J, Jin J. Role of
downregulation of galectin-9 in the
tumorigenesis of gastric cancer. Inter J
Oncol. 2014;45(3):1313-20. doi: 10.3892/
ij0.2014.2494.

30. Matsumoto K, Arao T, Hamaguchi T,
Shimada Y, Kato K, Oda | et al. FGFR2 gene
amplification and clinicopathological features
in gastric cancer. Br J Cancer.

122

2012;106(4):727-32. doi: 10.1038/
bjc.2011.603.

31. Basilico C, Moscatelli D. The Fgf Family of
Growth Factors and Oncogenes. Adv Cancer
Res. 1992;59:115-65. doi: 10.1016/
50065-230x(08)60305-x.

32. Goldfarb M. Functions of fibroblast growth
factors in vertebrate development. Cytokine
Growth Factor Rev. 1996;7(4):311-25. doi:
10.1016/s1359-6101(96)00039-1.

33. Johnson D, Williams LT. Structural and
Functional Diversity in the FGf Receptor
Multigene Family. Advan Can Res.
1992;60:1-41. doi: 10.1016/s0065-
230x(08)60821-0.

34.Martin GR. The roles of FGFs in the early
development of vertebrate limbs. Genes Dev.
1998;12(11):1571-86. doi: 10.1101/
gad.12.11.1571.

35. Hussain, SM, Sharif A, Bashir F, Ali S, Javid
A, Hussain Al et al. Polymerase Chain
Reaction: A Toolbox for Molecular Discovery.
Mole Biotechnol. 2026;68(2):409-421. doi:
10.1007/s12033-025-01390-z.

36. Lisignoli G, Zini N, Remiddi G, Piacentini A,
Puggioli A, Trimarchi C et al. Basic fibroblast
growth factor enhances in vitro mineralization
of rat bone marrow stromal cells grown on
non-woven hyaluronic acid based polymer
scaffold. Biomaterials. 2001;22(15):2095-
105. doi: 10.1016/s0142-9612(00)00398-7.

37.Ornitz DM. FGF signaling pathways in
endochondral and intramembranous bone
development and human genetic disease.
Genes Dev. 2002;16(12):1446-65. doi:
10.1101/gad.990702.

38.Wang Q, Green RP, Zhao G, Ornitz DM.
Differential regulation of endochondral bone
growth and joint development by FGFR1 and
FGFRS3 tyrosine kinase domains. Develop.
2001;128(19):3867-76. doi: 10.1242/
dev.128.19.3867.

39. Wilkie AOM, Patey SJ, Kan S, van den
Ouweland AM, Hamel BCJ. FGFs, their
receptors, and human limb malformations:
Clinical and molecular correlations. Am J
Med Gene. 2002;112(3):266-78. doi:
10.1002/ajmg.10775.

40. Jackson RA, Kumarasuriyar A, Nurcombe V,
Cool SM. Long-term loading inhibits ERK1/2

phosphorylation and increases FGFR3
expression in MC3T3-E1 osteoblast cells. J
Cell Physiol. 2006;209(3):894-904. doi:
10.1002/jcp.20779.

.Deng C, Wynshaw-Boris A, Zhou F, Kuo A,
Leder P. Fibroblast Growth Factor Receptor
3 Is a Negative Regulator of Bone Growth.
Cell. 1996;84(6):911-21. doi: 10.1016/
S0092-8674(00)81069-7.

42. Wilkie AOM. Abnormal spliceform expression
associated with splice acceptor mutations in
exon lllc of FGFR2. Am J Med Gene.
2002;111(1):105. doi: 10.1002/ajmg.10486.

43. Azizkhan JC, Jensen DE, Pierce AJ, Wade
M. Transcription from TATA-less promoters:
dihydrofolate reductase as a model. Crit Rev
Eukaryot Gene Exp. 1993:3(4):229-54.

44 Vedula P, Fina ME, Bell BA, Nikonov SS,
Kashina A, Dong DW. B-actin is essential for
structural integrity and physiological function
of the retina. bioRxiv. 2023;2023:20-23. doi:
10.1101/2023.03.27.534392.

45. Kreuzer KA, Lass U, Landt O, Nitsche A,
Laser J, Ellerbrok H et al. Highly Sensitive
and Specific Fluorescence Reverse
Transcription-PCR Assay for the
Pseudogene-free Detection of -Actin
Transcripts as Quantitative Reference. Clin
Chem. 1999;45(2):297-300. doi: 10.1093/
clinchem/45.2.297.

46. Mori R, Wang Q, Danenberg KD, Pinski JK,
Danenberg PV. Both B-actin and GAPDH are
useful reference genes for normalization of
quantitative RT-PCR in human FFPE tissue
samples of prostate cancer. Prost.
2008;68(14):1555-60. doi: 10.1002/
pros.20815.

47.Cahyadi DD, Warita T, Irie N, Mizoguchi K,
Tashiro J, Hosaka YZ et al. Housekeeping
gene expression variability in differentiating
and non-differentiating 3T3-L1 cells.
Adipocyte. 2023;12(1):2235081. doi:
10.1080/21623945.2023.2235081.

48. Mahmood SR, Xie X, Hosny El Said N, Venit
T, Gunsalus KC, Percipalle P. B-actin
dependent chromatin remodeling mediates
compartment level changes in 3D genome
architecture. Nat Commun. 2021;12(1):5240-
55. doi: 10.1038/s41467-021-25596-2.

4

N


http://doi.org/10.1007/s12094-013-1058-5
http://doi.org/10.1007/s12094-013-1058-5
http://doi.org/10.22401/ANJS.27.1.02
http://doi.org/10.1016/j.jmoldx.2014.04.004
http://doi.org/10.35118/apjmbb.2024.032.1.10
http://doi.org/10.47750/jptcp.2023.30.11.009
http://doi.org/10.1006/meth.2001.1262
http://doi.org/10.1002/med.21288
http://doi.org/10.1002/med.21288
http://doi.org/10.3892/ijo.2014.2494
http://doi.org/10.3892/ijo.2014.2494
http://doi.org/10.1038/bjc.2011.603
http://doi.org/10.1038/bjc.2011.603
http://doi.org/10.1016/s0065-230x(08)60305-x
http://doi.org/10.1016/s0065-230x(08)60305-x
http://doi.org/10.1016/s1359-6101(96)00039-1
http://doi.org/10.1016/s0065-230x(08)60821-0
http://doi.org/10.1016/s0065-230x(08)60821-0
http://doi.org/10.1101/gad.12.11.1571
http://doi.org/10.1101/gad.12.11.1571
http://doi.org/10.1007/s12033-025-01390-z
http://doi.org/10.1016/s0142-9612(00)00398-7
http://doi.org/10.1101/gad.990702
http://doi.org/10.1242/dev.128.19.3867
http://doi.org/10.1242/dev.128.19.3867
http://doi.org/10.1002/ajmg.10775
http://doi.org/10.1002/jcp.20779
http://doi.org/10.1016/S0092-8674(00)81069-7
http://doi.org/10.1016/S0092-8674(00)81069-7
http://doi.org/10.1002/ajmg.10486
http://doi.org/10.1101/2023.03.27.534392
http://doi.org/10.1093/clinchem/45.2.297
http://doi.org/10.1093/clinchem/45.2.297
http://doi.org/10.1002/pros.20815
http://doi.org/10.1002/pros.20815
http://doi.org/10.1080/21623945.2023.2235081
http://doi.org/10.1038/s41467-021-25596-2

