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Abstract: The GTPase-activating protein, NF1, negatively regulates the RAS/MAPK
signaling pathway. Higher mutation rates of NF1 negatively impact cancer cell
signaling and progression by altering cellular pathways. The expression pattern of the
NF1 gene in both normal and cancer cells of different types as well as their mutations
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and gene networks need to be evaluated for better cancer management and enhancing
therapeutic drug development pipelines. Herein, the expression pattern of the NF1
gene was explored via the GEPIA2, GENT2, and UALCAN tools. Lower expression

Academic Editor: Dr. Md. Abu and methylation rates were found in most cancer types, but variability was observed
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based on race, gender, and cancer stage. The corresponding protein levels in normal
and cancer tissues were also investigated, revealing medium staining and moderate
intensity in normal lung tissues but high staining and strong intensity in lung cancer

Received: 12 April 2026 tissues as well as in other cancer types. Additionally, 15 missense mutations, 351
Revised: 1 May 2026 truncations, no inframe mutations, 97 splices and 48 fusions were found in the NF1
Accepted: 4 May 2026 gene through cBioportal, where amplifications, deep deletions, structural variants,
Published: 16 May 2026 and multiple alterations were observed. The SUZ12 gene was found among the most

correlated and co-expressed genes of NF1 in BRCA, KIRC, LIHC, and LUAD. This
study suggests the variable role of NF1 in normal tissues and cancer tissues in terms
of cancer progression, gene expression, and methylation level and should be extended
for therapeutics development against cancer.
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1. Introduction
Cancer is recognized as the second leading cause of death following cardiovascular
diseases according to global mortality rates and is a prime reason for reduced human
life expectancy in almost all regions of the world [1], [2], [3]. Somatic changes, in
tandem with inherited mutations of specific genes, lead to unusual cell growth signals
Copyright: © 2026 by the authors. and form a tumor that subsequently destroys the organism through cancer
progression [4]. In the last year, the approximate number of cancer cases worldwide
Licensee BiologicaAid, Bangladesh. ~was about 10 million, and remarkably, the United States (US) has reported 608,570
cancer deaths in the current year, supporting the predictions that the cancer mortality
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including chemotherapy, radiation therapy, immunotherapy, surgery, hormonal
therapy, and adjuvant therapy, are suggested to combat cancer [1]. However,
disseminated cancer caused by metastasis is resistant to treatment because of the
limitations and complexity of the available cancer treatments [1], [6], [7].
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The neurofibromatosis 1 (NF1) gene maps to chromosome 17qll.2 and comprises 350 kb genomic DNA along with
60 exons that encode a giant protein named neurofibromin; this protein comprises over 2800 amino acids and has a
molecular mass of 327 kDa [8], [9], [10], [11]. As a negative switch that regulates the RAS oncogene, neurofibromin is
considered a tumor suppressor with various functional domains, including the GTPase-activating protein-related domain
(GAP), whose function concerns the control of cell growth through RAS interaction [10], [11], [12]. NF1 is involved in
numerous pathways, including Akt/mammalian target of rapamycin (Akt/mTOR), RAS/mitogen-activated protein kinase
(MAPK), cAMP/PKA, and ROCK/LIMK/cofilin, among which the RAS/MAPK pathway regulating cell growth, senescence,
and differentiation and the phosphoinositide 3-kinase (PI3K)/mTOR-related signaling pathways are chiefly analyzed [10],
[12]. However, recognized somatic NF1 mutations, including deletions, translocations, point mutations, and insertions,
inactivate the genes causing lung cancer, ovarian cancer, breast cancer, prostate cancer, brain cancer, liver cancer, kidney
cancer, skin cancer, leukemia, uterine adenocarcinoma, and gastrointestinal stromal tumor [9], [13], [14], [15], [16], [17].

RAS activation is triggered when RAS-GDP is converted into RAS-GTP; in addition, the conversion is negatively
regulated by NF1-encoded neurofibromin 1 through the conversion of kinetic RAS-GTP into inactive RAS-GDP. Several
downstream mediators, including the RAF-1 proto-oncogene, interact with activated RAS, causing homo and
heterodimerization and RAF activation that subsequently stimulates the MAP kinases, including MAP2K1 and MAP2K2,
through phosphorylation, ultimately activating MAPK3 or ERK1 and/or MAPK1 or ERK2 and controlling cell cycle
progression as well as cell growth and differentiation. However, dysregulation in the RAS/MAPK pathway in which NF1
acts as a key mutated gene facilitates oncogenesis and cancer progression [18]. Likewise, the role of the PI3K/mTOR
pathway is confirmed by the stimulation of the pathway in malignant peripheral nerve sheath tumor (MPNST) cell lines,
NF1l-mutant neurofibromas, in tandem with primary tumors [19]. Moreover, the cAMP pathway is dysregulated
throughout NF1-deficient tumors, and the cAMP level is altered in human NF1-associated tumors [20]. Somatic NF1
mutations are reported to induce MPNST, acute lymphoblastic leukemia, glioblastoma, lung squamous cell carcinoma, non-
small cell lung cancer (NSCLC), lung adenocarcinoma, uterine carcinosarcoma, bladder urothelial carcinoma, uterine
endometrial carcinoma, pancreatic carcinoma, ovarian serous cystadenocarcinoma, metastatic cutaneous squamous cell
carcinoma, and gastric adenocarcinoma in humans. Additionally, the probability of cancer development has been noted to
be increased in several syndromes like Noonan syndrome, Costello syndrome, cardio-facio-cutaneous syndrome, and
Legius syndrome through the activation of mutations in the PTPN11, HRAS (BRAF, MAP2K1, and MAP2K2), and SPRED1
genes, particularly where the somatic mutations in the genes co-occur with NF1 mutations [10], [21], [22].

Being located on the same chromosome (chromosome 17; long arm), a concurrence of NF1 and inherited breast cancer
indicates a combination of mutations in the NF1 and BRCA1 genes concerning breast cancer progression due to the co-
segregation of individual mutations at the two loci, supporting the possible interaction of BRCA1 with NF1 during breast
cancer progression [23], [24], [25]. Additionally, the well-distinguished function of NF1 in the regulation of RAS signaling
to utilize the MAPK-ERK pathway that is related to NSCLC either individually (maximum cases) or via concurrent
oncogenic alteration with KRAS (predominant), HRAS, or NRAS mutations, in tandem with ERBB2 or BRAF mutations,
refers to the prognostication of lung cancer progression through the NF1 gene [26].

Furthermore, lack of the NF1 gene causes RAS signaling pathway activation, leading to the anomalous growth of
hematopoietic cells. Notably, promoter hypermethylation in tandem with LOH in the NF1 and DAB2IP genes was
correlated with NF1 and DAB2IP gene downregulation, implying that molecular-level mechanisms are responsible for NF1
and DAB2IP gene silencing during human hepatocarcinogenesis and the emergence of liver cancer through the RAS
signaling pathway [27], [28]. Moreover, VHL gene inactivation through mutation leads to the inability to target HIF1a for
degeneration, which is regulated by an mTOR signaling pathway related to the NF1 gene, thereby causing HIF1
accumulation. Hence, it can result in the enhanced transcription of VEGF, PDGF, GLUT-1, TGF, and erythropoietin, causing
the emergence of clear cell renal carcinoma and kidney cancer [29], [30], [31], [32], [33].

Systematic computational investigations combining large experimental datasets regarding the NF1 gene have not
been reported thus far. In the current study, we utilized abundant data collected from various online databases and web
servers and evaluated the role of expression patterns of the NF1 gene in the evolution of several cancers. The expression
pattern of the NF1 gene was assessed in the study to identify its association with diverse clinicopathological properties and
evaluate its function in the emergence of distinct cancers. Additionally, we analyzed the interconnected genes and predicted
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datasets library to estimate the activity in tandem with predictions associated with the NF1 gene. Furthermore, the obtained
systematic data may assist researchers in determining the biomarker ability and mechanisms of the NF1 gene in-depth,
which will serve in additional studies to shed light on the explicit function of this gene in cancer progression.

2. Materials and Methods
2.1. Gene Expression

Gene expression profiling was conducted using the GEPIA2 tool [34], which consists of 9736 tumors and 8587 normal
samples, to analyze cancer types, different pathological stages of cancer, survival, and normal and cancer cell differential
expression (http://gepia2.cancer-pku.cn). This tool functions through TCGA and GTEx data with comprehensive interactive
analysis of gene expression. Furthermore, the Gene Expression database of Normal and Tumor tissues 2 (GENT2) tool [35]
enabled gene expression analysis of normal and cancer tissues from public databases (http://gent2.appex.kr/gent2/).
Currently this tool contains more than 68,000 samples and gene expression data for 72 different tissues. The UALCAN tool
[36] was also used to gain further wide-ranging insights into gene expression of the NF1 gene family
(http://ualcan.path.uab.edu/index.html). This web tool compiles TCGA-RNA sequencing data from patients with 33
different types of cancer, with onco-pathological features and the impact of certain genes in the expression patterning in
normal and cancer tissues.
2.2. Methylation

The methylation of the NF1 gene was also extracted from the UALCAN tool (http://ualcan.path.uab.edu/index.html)
[36], which combines the transcriptomic data from cancer patients with 793 cancer samples and 97 normal samples. This
platform reveals the promoter DNA methylation of the NF1 gene in the BRCA, KIRC, LUAD, and LIHC cancer types
compared to normal tissues. The DNA methylations of the NF1 gene were classified by beta values of 0 for unmethylated,
1 for fully methylated, 0.5 to 0.7 for hypermethylated, and 0.3 to 0.25 for hypomethylated DNA.
2.3. Immunohistochemistry

The Human Protein Atlas gives information on the expression of genes at the protein and tissue level, combining
data on 44 normal tissue types derived from antibody-based protein profiling by immunohistochemical methods
(https://www.proteinatlas.org/). Currently, this web tool compiles data from 15,320 genes derived by immunohistochemical
analysis [37].
2.4. Mutation

The mutation profiling of the NF1 protein was explored using cBioportals [38], [39], [40], which consists of 715
datasets along with more than 87,000 samples (http://www.cbioportal.org/). Multiple mutational descriptors were
evaluated for the NF1 gene, including DNA copy number, mutation, mRNA expression, protein and phosphoprotein, and
DNA methylation. The location and mutation number of NF1 genes were also determined through cBioportal, wherein
mutations, amplifications, deep deletions, and alternations were investigated.
2.5. Correlation and Co-expression

Correlation and co-expression analysis was performed via the UALCAN tool [36] for different types of cancer,
namely BRCA, KIRC, LUAD, and LIHC (http://ualcan.path.uab.edu/index.html). A P-value less than 0.05 was considered
statistically significant. Furthermore, correlation analysis was performed in TIMER (TIMER [shinyapps.io]) to analyze
immune filtration in multiple cancer cells [41]. Currently, this database contains 10,897 samples from 32 different types of
cancer from the TCGA or Cancer Genome Atlas to explore the immune infiltration pattern. The NF1 gene was analyzed in
the TIMER database to explore the correlation of immune infiltrating cells, including T-cells, B cells, macrophages,
neutrophils, and DCs.
2.6. Network Pharmacology

The GeneMANIA tool [42], [43], [44] was utilized for the protein-protein expression of the NF1 protein with co-
expression gene family annotations (https://genemania.org/). The protein and genetic interactions, pathways, co-
expressions, colocalizations, similar protein domains, and physical interactions were analyzed for the NF1 protein in this
tool.
2.7. Pathway and Gene Ontologies
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The pathways and ontologies of the Enricher tool [45], which combines information from a large number of
mammalian gene sets, were used (https://maayanlab.cloud/Enrichr/).

3. Results
3.1. NF1 Gene Expression in Cancer

The expression pattern of the NF1 gene was explored using the GEPIA2 tool in different cancer types, adjusting the
P-value to 0.05 in ANOVA testing. Figure 1A shows that this gene is upregulated in ESCA, LGG, PAAD, STAD, and THYM,
whereas downregulation was observed in ACC, BLCA, BRCA, CESC, CHOL, COD, DLBC, GBM, HNSC, KICH, KIRC,
LAML, LIHC, LUAD, LUSC, MESO, OV, PCPG, PRAD, READ, SARC, SKCM, THCA, UCEC, UCS and UVM. The gene

expression was also analyzed via the GENT2 tool, and low expression was found in multiple cancer types including BRCA,
KIRC, LUAD, and LIHC.
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Figure 1: Gene Expression profile of NF1 gene in multiple cancer types; (A) the transcription profile of mRNA from NF1
gene in multiple types of cancer from GEPIA tools, (B) NF1 gene expression in different cancer types from GENT2 tool.

Moreover, the expression pattern was also analyzed through the GEPIA2 and UALCAN tools for cross-validation of
the data. Figure 2 indicates that the expression profile of the NF1 gene is higher in BRCA and LIHC than in normal tissues
on the logz scale. Higher expression was also observed for KIRC and LUAD for both normal and cancer tissues (Figure 2A,
C, E, and G). Moreover, the NF1 gene was also significantly upregulated in LIHC (1.11E-16) and LUAD (P=1.62-12), whereas
downregulation was observed for BRCA (P=1.21E-02) and KIRC (1.99E-04).
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Figure 2: The GEPIA2 and UALCAN tools utilized for expression pattern analysis of NF! Gene in BRCA, KIRC, LUAD,
and LIHC cancer types.

3.2. Expression of NF1 Regarding Clinical Features

The expression of NF1 genes regarding clinical features was also explored in the UALCAN tool; overexpression was
observed in patients with stage 2 (P=4.86e-02) and stage 3 (P=3.97e-02) BRCA cancer (Figure 3A); additionally, Caucasians
(P=2.01e-01; Figure 3B) and female patients (P=4.47e-01) had higher expression of the NF1 gene (Figure 3C), whereas lower
expression was observed in male patients (P=1.01e-02) and African Americans (P=2.07e-13). Furthermore, patients with
stage 4 LUAD cancer (P=1.64e-04) had higher expression levels than patients in other stages, although other cancer stages,
namely stage 1 (P=2.32e-14), stage 2 (P=2.10e-09), and stage 3 (P=1.57e-08) had a significantly higher expression level
compared to normal tissues (Figure 3D). More expression was also observed in Caucasians (P=1.62e-12) and Asians (1.51e-
02), and the least expression was observed in African Americans (2.73e-03; Figure 3E). Male (P=4.18e-14) and female
(P=2.66e-15) patients had similar expression levels (Figure 3F) in LUAD. A higher expression level was observed in stage 3
patients (P=1.89e-08), whereas the least expression was found in stage 1 patients (3.09e-10; Figure 3G). African American
men had higher expression levels of the NF1 gene, and similar expression profiles were found in Caucasians (P=1.01e-13)
and Asians (P=7.25e-11) in LIHC (Figure 3H). Female patients (P=2.94e-13) with LIHC had higher expression levels (Figure
3I), whereas male patients (2.14e-11) had lower expression. Moreover, higher expression was found in Asians with KIRC
(P=6.68e-01), and patients with stage 1, stage 2, stage 3, and stage 4 KIRC exhibited lower expression of NF1 compared to
the normal tissues (Figure 3 J-L).
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Figure 3: The expression profiling of NF1 gene BRCA cancer types based on different cancer stage, race, and gender(A-C),
expression in LUAD based on cancer stage, race, and gender(D-F), expression in LIHC based on cancer stage, race, and
gender (G-I), expression in KIRC based on cancer stage, race, and gender (J-L).

3.3. Methylation of the NF1 Gene in Cancer

The methylation of NF1 was also explored for multiple cancer stages, patient race, gender, and tissue types in BRCA,
LUAD, LIHC, and KIRC. The methylation level was higher in normal tissues compared to the cancer tissues (P=1.62e-12)
for all types of cancer tissues investigated, namely BRCA, LUAD, LIHC, and KIRC (Figure 4A). The stage 4 (P=2.40e-05)
cancer patients had the least number of methylations but stages 1 (1.11e-16), 2 (p<1E-12), and 3 (p<1E-12) had similar
methylation levels (Figure 4B). Asian populations (P=2.40-05) exhibited the least expression, and Caucasians (P<le-12) and
African Americans (p<1.62e-12) exhibited similar types of methylation (Figure 4C) of the NF1 gene in BRCA. Female
patients (P=1.62e-12) had higher methylation (Figure 4D) compared to male patients in BRCA. A superior fold of
methylation was also observed in normal tissues compared to cancer tissues (P=2.97e-04) in LUAD (Figure 4E), greater
methylation was observed for stage 4 patients (6.31e-01) (Figure 4F), and the Caucasian population exhibited higher levels
of methylation (P=3.67e-03; Figure 4G). Male and female patients had parallel methylation levels in LUAD (Figure 4H). The
methylation pattern was similar in normal tissue and cancer tissue in LIHC (Figure 4I), and stage 4 patients (P=9.41e--01)
had greater methylation (Figure 4]), the Asian population (P=1.22e-01) displayed the least methylation, and Caucasians
(P=1.70e-01) and African Americans (P=5.47e-01) had similar methylation levels (Figure 4K). Male and female patients with
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LIHC had parallel methylation (Figure 4L). Moreover, male and female patients exhibited identical methylation in KIRC
stages 1 and 2, and Caucasians had higher methylation compared to other populations (Figure 41-L).
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Figure 4: Promoter methylation of NF1 gene in BRCA cancer with multiple clinical characteristics; A-D shows methylations
in cancer stage, race and gender. E-H shows promoter methylation in LUAD by cancer stage, race and gender. I-L depicts
the promoter methylation in LIHC by cancer stage, race and gender. M-P shows the promoter methylation in KIRC by

cancer stage, race and gender.

3.4. Immunohistochemistry
NF1 gene expression was explored through antibody profiling based on immunohistochemistry for normal tissues

and multiple types of cancer tissues. The BRCA cancer type revealed high staining and strong intensity for both cancer and
normal tissue types (Figure 5A), whereas medium staining and moderate intensity was found in normal lung tissues,
although high staining and strong intensity was revealed for lung adenocarcinoma (Figure 5B). LIHC and KIRC cancer
tissues as well as normal liver and kidney tissues also exhibited strong staining and high intensity (Figure 5C and D).


https://doi.org/10.xxxx/ibn.2026.11.0002

Integrative Bioscience Nexus, 2026, 1, 3-18 https://doi.org/10.xxxx/ibn.2026.11.0002

A) 1PA045502 HPA045502
Female, age 45 Female, age 84
Breast (T-04000) Breast (T-04000)
::;:l(a\l‘l t:)’:,:’;b) Duct carcinoma (M-85003)
Patient id: 3544 Bationy10:4653
Glandular cells . Tumor cells
Staining: High Staining: High
Intensity: Strong Intensity: Strong
Quantity: >75% Quantity: 75%-25%
Location: Cytoplasmic/ Location: Cytoplasmic/
Membranous Membranous
B) HPA045502 HPA045502
Female, age 49 Female, age 69
Lung (T-28000) Lung (T-28000)
Normal tissue, Adenocarcinoma,
NOS (M-00100) NOS (M-81403)
Patient id: 2268 Patient id: 2777
Macrophages Tumor cells
Staining: Medium Staining: High
Intensity: Moderate Intensity: Strong
Quantity: 75%-25% Quantity: >75%
Location: Cytoplasmic/ Location: Cytoplasmic/
Membranous Membranous
C) HPA045502 HPA045502
Female, age 63 Female, age S8
Liver (T-56000) Liver (T-56000)
Normal tissue, NOS Carcinoma,
(M-00100) Hepatocellular, NOS (M-81703)
Patient id: 3222 Patient id: 2177
Hcpatocytes Tumor cells
Staining: High Staining: High
Intensity: Strong Intensity: Strong
Quantity: >75% Quantity: >75%
Location: Cytoplasmic/ Location: Cytoplasmic/
Membranous Membranous
D) HPA045502 HPA045502
Female, age 41 Female, age 63
Kidney (T-71000) Kidney (T-71000)
Normal tissue, Adcnocarcinoma,
NOS (M-00100) NOS (M-81403)
Patient id: 2530 Patient id: 3616
Cells in tubules Tumor cclls
Staining: High Staining: High
Intensity: Strong Intensity: Strong
Quantity: >75% Quantity: >75%
Location: Cytoplasmic/ Location: Cytoplasmic/
Membranous Membranous

Figure 5: Expression of NF1 gene in normal tissues and compared to breast duct carcinoma (A), lung normal tissue to lung
adenocarcinoma (B), liver normal tissue to liver adenocarcinoma (C), kidney normal tissue to kidney adenocarcinoma (D).

3.5. Mutations

The mutation profile of the NF1 gene was explored through cBioPortal, searching for over 10,967 samples from 10,953
patients in 32 studies. This tool identified 15 missense mutations, 351 truncations, no inframe mutations, 97 splices, and 48
fusions in the NF1 gene (Figure 6A). Therefore, the impact of mutation types on multiple cancer types, namely BRCA, KIRC,
LIHC, and LUAD, was observed, where amplifications, deep deletions, structural variants, and multiple alterations were
seen (Figure 6B). The copy number alterations revealed that amplification plays a driving role in the upregulation in the
mRNA sequence (Figure 6C).

10


https://doi.org/10.xxxx/ibn.2026.11.0002

Integrative Bioscience Nexus, 2026, 1, 3-18 https://doi.org/10.xxxx/ibn.2026.11.0002

(A) €D missense
€D Truncating
R2450%/Q © Inframe
18 . Splice
g € sviFusion
E . .
= v
= é .
P, . . . o .o . - - &
= ° L . °© | ! o \d 7 . .! b . k) ? o o
Z » 9% » PP W 2 mie L1 o 90 9 » - . AR B 99% 4% o ve . LA LI B A * * Diw e . . *e 4 0
E 3 0 R B LI IR S R IEEE L e e L I L K L kI e LR L e e b L BRI R IR L I D DRI I i L
| cRA|
0 400 800 1200 1600 2000 2400 2839aa
B) e ©)
e Mutation
e Amplification
e Deep Deletion -
oy e Structural Variant - e— -
5 e Multiple Alterations g °
= 10% sa
g £%
= 27 15k
- g ‘f. >
= =7
s =%
S o ;
= £ = 10k
@ 5% 2 £
— ¢ E
< == 5
3T sk %3
«3 %0
£ o a2
: p
; 0 &
_ L~ =
=% E& g E
52 22 5% 5 3 i
] D, T 9 Y 3 z z ) E
58 55 5% 53 2 3 g 2
T2 02U U< & z =
2 S o ®m > JE g O ] = &
e z2¢ 2= =28 a =
SE 2 T= U= Z
=L 885 =0 o=
< zZ= 3£ 80 ; ;
wed =& £ = H NF1: Putative copy-number alterations from GISTIC
S0 20 R v
] = = .
=l '_‘-’ o ‘_‘ é’ O 5% NFI  « Splice (Driver) « Truncating (Driver)  « Inframe (VUS)
= SR : Rt * Missense (Driver) « Missense (VUS) Not mutated
.2 el = Not profiled for mutations © Amplification Gain
- 5 Diploid Shallow Dclction o Deep Deletion
52 o Structural Variant

Figure 6: The mutation profiling of NF1 gene (A) Mutation in protein sequence regions in NF1, (B) Frequency of mutations
where green, red, blue, violet, gray indicates mutation, amplification, deep deletion, structural variant, and multiple
alternation respectively.

3.6. Correlation and Co-expression

Cancer progression and co-expression of the NF1 gene was explored in UALCAN, and SUZ12 was found to be mostly
correlated with NF1 (Pearson’s r=0.71), LUAD (Pearson’s r=0.74), LIHC (Pearson’s r=0.84), and KIRC (Pearson’s r=0.88)
(Figure 7A, 7B, 7C, and 7D). The correlation and immune infiltration were also examined using the TIMER tool for multiple
cancer types. The NF1 gene positively correlated in B cells (partial correlation=0.02, P=9.59e-01), CD8+ T cells (partial
correlation=0.282, P=2.56e-19), CD4+ T cells (partial correlation=0.65, P=4.45e-02), macrophages (partial correlation=0.281,
P=3.06e-19), neutrophils (partial correlation=0.166, P=2.66e-07), and dendritic cells (partial correlation=0.082, P=1.18e-02) for
BRCA (Figure 8). A similar positive immune infiltrating pattern was observed in KIRC for B cells (partial correlation=0.226,
P=9.55e-07), CD8+ T cells (partial correlation=0.136, P=4.37e-03), CD4+ T cells (partial correlation=0.375, P=7.62e-17),
macrophages (partial correlation=0.441, P=9.88e-23), neutrophils (partial correlation=0.41, P=5.31e-20), and dendritic cells
(partial correlation=0.288, P=4.06e-10). Moreover, a higher correlation was observed in CD4+ T cells (partial
correlation=0.441, P=8.09e-18), macrophages (partial correlation=0.424, P=2.48e-16), and neutrophils (partial
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correlation=0.466, P=5.53e-20) (Figure 8). For LIHC, slightly higher and moderate levels of correlation were observed for all

types of immune cells.
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Figure 7: The correlation between co-expression profiling of NF1 in (A) BRCA, (B) LUAD, (C) LIHC, (D) KIRC.
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3.7. Network Pharmacology

Protein-protein networks were explored through the GENEMANIA tool. SOX4, SDC3, SDC2, DYNC1H1, TOP3A,
POUF1, CAV1, FOXA2, AKT1, NRAS, HRAS, NOSIP, RAF1, CALM1, TIRP, GADD45A, EPHA2, MAP2K3, ALASI1, and
HTR6 contributed to forming the protein networks of NF1. The protein networks were built through physical interactions,
co-expression, prediction, co-localization, genetic interactions, pathways, and shared protein domains, which contributed
77.64%, 8.01%, 5.37%, 3.63%, 2.87%, 1.88%, and 0.60% of the total netw ork, respectively (Figure 9).

GADD45A @ @

@
%

o

O

D &
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S o O

Figure 9: The protein-protein interaction analysis of NF1 protein with other family based on co-expression, genetic
interactions, pathways, physical interactions, colocalization, predicted shared protein.

3.8. Pathway and gene ontologies of NF1

Pathway analysis was conducted in Enricher to understand the molecular role of the NF1 gene in the human body.
The KEGG pathways revealed that the NF1 gene primarily associated with lysine degradation, ubiquitin-mediated
proteolysis, axon guidance, leukocyte transendothelial migration, and signaling pathways regulating pluripotency (Figure
10A). The Panther database (Figure 10B) revealed a more significant role in Hedgehog signaling, insulin pathways, and
protein kinase B signaling for NF1. The GO biological process (Figure 10C) revealed the role of NF1 in the regulation of
microtube-based process, negative regulation of microtube depolymerization, and negative regulation of protein
depolymerization. Any abnormal changes of these cellular pathways might be responsible for tumorigenesis. The GO
molecular function (Figure 10D) revealed microtubule plus-end binding, tau protein kinase activity and ubiquitin protein
transferase activity. The GO cellular component analysis (Figure 10E) revealed the role of NF1 in the microtubule
cytoskeleton, polymeric cytoskeleton fiber, and nucleus.
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Figure 10: Signaling analysis and pathways of NF1 gene with positive correlation of BRCA, LUAd, KIRC, LIHC in (A)
KEGG human pathways, (B) Panther 2016, (C) Go biological process 2021, (D) go molecular function 2021, (E) go cellular
component 2021.

4. Discussion

It is reported specifically that the GTPase-activating protein-related domain negatively regulates RAS by generating
inactive RAS-GDP from active RAS-GTP to inhibit downstream RAS signaling, referring to the complex role of NF1 gene-
encoded neurofibromin 1 in NF1 pathogenesis. Additionally, upstream regulation of neurofibromin 1 incorporates the
tyrosine kinase cKIT receptor, the tyrosine kinase anaplastic lymphoma kinase (ALK) receptor, endothelin receptor B
(EDNRB), and granulocyte-macrophage colony-stimulating factor (GM-CSF) receptor, whereas downstream regulation
incorporates several signaling pathways including the RAS/MAPK signaling pathway, PI3K/mTOR signaling pathway, and
cAMP signaling pathway, related to cell cycle succession. Therefore, somatic mutations in the NF1 gene favoring
dysregulation of the mentioned signals increase the risk of sporadic cancers in humans [10], [19], [46], [47].

Several usually expressed genetic modifications regarding NSCLC interact with the MAPK signaling network. The
MAPK signal is detected in ALK, ROS proto-oncogene receptor tyrosine kinase 1 (ROS1), NF1 in tandem with epidermal
growth factor receptor (EGFR), Kiras 2 Kirsten rat sarcoma viral oncogene homolog (KRAS), B-Raf proto-oncogene (BRAF),
and serine/threonine kinase, confirming their apparent connection in the MAPK-oriented (EGFR/RAS/BRAF/MEK/ERK)
pathway for presumable lung cancer [26], [48], [49], [50], [51], [52], [53]. Likewise, NF1-encoded neurofibromin functions as
the GTPase-activating protein stimulating RAS oncogene inactivation, and LOH in the NF1 gene recognized in tumor tissue
confirms the role of LOH in NF1 gene-related breast cancer progression along with BRCA1 gene interaction [54], [55], [56].
Additionally, as an onco-suppressor gene, NF1 negatively regulates the RAS signaling pathway, resulting in aberrant
activation; hence, the gene is omnipresent regarding human hepatocarcinogenesis. Upregulation of NF1 expression in
several tumors with a reduction in a meager HCC subset in conjunction with the downregulation of DAB2IP as well as the
ubiquitous occurrence of RASAL1 mRNAs indicates that the lack of NF1, in tandem with RASAL1 and DAB2IP inactivation,
induces unconstrained activation concerning wild-type RAS in human HCC, with 12.5%, 21.6%, and 28.4% LOH at NF1,
DAB2IP, in tandem with RASAL1 loci sequentially, which induces liver cancer through promoter hypermethylation or
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LOH [27], [28], [57]. In addition, the VHL gene targets hypoxia-inducible factor 1a (HIF1a) that controls the transcription of
vascular endothelial growth factor (VEGEF), glucose transporter 1 (GLUT1), platelet-derived growth factor (PDGF),
transforming growth factor (TGF), and erythropoietin, which is probably significant regarding cancer cells. Therefore, the
collapse of either the mentioned VHL gene or NF1-induced mTOR pathway to regulate HIF1la can occur via the enhanced
transcription of cancer-related genes, causing clear cell renal carcinoma [29], [58], [59].

The pan cancer analysis of the NF1 gene has been performed along with the expression pattern of this gene in
different cancer types, namely BRCA, LUAD, LIHC, and KIRC, as well as progession and development of cancer due to
upregulation or downregulation of the targeted gene. ULCAN, GEPIA2, and GENT2 were utilized to explore the gene
expression level along with cross validation with multiple sources. Our study suggests that lower expression and promoter
methylation are found in BRCA, LUAD, LIHC, and KIRC through multiple tools compared to normal tissue, which aligns
with the literature regarding the signaling role NF1 gene as both copies of NF1 were found to be inactivated in malignant
tumors of patients [60], [61], [62].

We also analyzed the differences in the protein expression level of NF1 in different cancer cells from the Human
Protein Atlas project database. NF1 protein levels were high and strong in intensity in normal tissue and breast, liver, and
kidney cancer types but moderate and medium intensity in lung tissues. Therefore, network pharmacology, pathways, and
gene ontology analysis suggest the involvement of the NF1 gene in cellular signaling mechanisms, where any disruptions
lead to cancer development [10].

5. Conclusion

To understand the plausible mRNA expression, prognosis, and mutational effects on the development of different
types of cancer regarding NF1, we combined multiple bioinformatics approaches to explore the role of NF1 in cancer
development. This study revealed that lower expressions of NF1 were observed specially in BRCA and KIRC. The lower
expression of NF1 may be responsible for the higher mutation trend in NF1. These expression patterns of the NF1 gene in
cancer cells impact cancer progression across different ethnicities, gender, and cancer stages along with methylation
patterns. Additionally, network pharmacology and NF1-related pathway analysis demonstrates its signaling role as well
as tumor progression due to the abnormal signaling of NF1. Therefore, the immune infiltrations in BRCA, LUAD, KIRC,
and LIHC were also explored for six different cell types. Overall, the findings of this study will further assist researchers to
assess invasive mechanisms, tumor development, and therapeutic drug discovery for cancer patients.
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