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Breast cancer (BrCa) is the most prevalent tumor among women

globally, aside from nonmelanoma skin malignancies. Unfortunately, many BrCa
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patients exhibit a poor response to immune checkpoint inhibitors (ICIs) because of
a deficiency of infiltrating immune cells. Earlier research has shown that guanylate-
binding protein 1 (GBP1) can modify the inhibitory properties of inflammatory

cytokines on endothelial cell proliferation, immigration, and invasion.
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Since the fundamental functions of the GBP family in the cancer-

immune cycle is uncertain, according to recent findings, the function of GBPs in
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BrCa was studied. However, the underlying function of the GBP family in the
cancer-immunity cycle is uncertain. We decided to study GBPs’ role in BrCa.

W\ BT e B (50 0T B We applied GEPIA, UALCAN, cBioPortal, GeneMANIA,

i m “tgm:‘m‘ Kaplan-Meier plotter, Human Protein Atlas, STRING, and TIMER in our analysis.
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The study included 280 pregnant women. The mean age of the RA and
control group (pregnant women without RA) was 32.4 + 6.6 and 29.5 + 6.7 years,
respectively. The most prevalent adverse outcome was spontaneous abortion (54,
19.28%), which was significantly higher in the RA group (25% vs. 13.6%, P=0.015).
Cesarean section (24.3% vs. 10.7%, P=0.003) and low birth weight (LBW) were both
significantly higher in the RA group (15% vs. 5%, P= 0.005). RA increased the
probability of spontaneous abortion, cesarean section, and LBW by more than 1.3
(odds ratio, 1.38; 95% CI, 0.45-5.46; P=0.017), 2.2 (odds ratio, 2.24; 95% CI, 1.29-
6.54; P =0.004), and 2.6 (odds ratio, 2.67; 95% CI, 1.86-7.05; P= 0.008) times,

Our results confirmed a strong relation between the expression of
GBP1/GBP2/GBP3/GBP4/GBP5/GBP6/GBP7 and the infiltration of all immune
cells. Specifically, high GBP1/4/5 expression was strongly linked with increased
infiltration of dendritic cells, B cells, CD4+ T cells, CD8+ T cells, and neutrophils
in BrCa, whereas GBP2/3/6/7 expression showed a weaker positive correlation.
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1. Introduction

Breast cancer (BrCa) is the most broadly known
malignancy among women and the world’s leading
reason for cancer mortality (1, 2). Each year,
approximately 1.5 million women (25% of entire
malignancy cases) are identified with BrCa globally (3).
In2017, over 250,000 novel cases of BrCa were described
in the USA, with 12% of all women in the country
expected to be diagnosed with the disease at some point
in their lives (4). Achieving improved outcomes for BrCa
through early detection, diagnosis, and management is

Volume 33, January & February 2025

challenging in developing nations due to resource and
infrastructure limitations (5). In developed countries like
the USA, it was assessed that 232,340 women will be
detected with BrCa in 2013, with 39,620 deaths from the
disease (2).

Guanylate-binding proteins (GBPs) were first
recognized in human fibroblasts as proteins activated by
IFN-y. These proteins are related to dynamin and belong
to the large GTPase superfamily, sharing similar
structural and biological features (6, 7). GBP1 and GBP2
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are the greatest induced members of the human GBP
group in cells or tissues exposed to IFN-y (8-10). GBP1
can modulate the inhibitory effects of inflammatory
cytokines on endothelial cell proliferation, migration, and
invasion, as well as epithelial tumor cell behavior (10-14).
Furthermore, GBP1 expression in colorectal malignancy
has been linked with decreased cancer aggressiveness and
enhanced development (14, 15).

Conversely, GBP2, a member of the p65 GBP family
of interferon-gamma-inducible GTPases, plays a role in
the innate immune reaction to microbial infections and
has been known as a regulator of tumor cell proliferation
and dissemination (16-18). GBP2 was recently identified
as a TGF-f target gene activated in metastatic BrCa cells
(19). GBP2 expression has also been associated with
improved prognosis in BrCa patients and may play a role
in T-cell defense against the disease. (19). In NIH 3T3
fibroblasts, GBP2 expression suppressed Rac activation
and matrix metalloproteinase-9 production, which
recommend a role in regulating cancer metastasis.
However, the pathways and molecular processes by
which GBP2 regulates cancer metastasis are largely
unexplored (20). GBP2 may have a role in tumor
formation, according to recent findings (20-22). By
preventing NF-Kappa B and Rac protein, GBP2 blocks
the induction of matrix metalloproteinase-9 (MMP-9)
(22, 23).

The potential function of GBP family members in BrCa
immune responses is poorly understood. Therefore, we
primarily studied GBP prognostic and expression value in
BrCa by mining the Kaplan-Meier plotter, UALCAN, and
TIMER databases. Using TIMER databases, we also
investigated the relation between GBP expression and
immune infiltrating plenty.

2. Materials and Methods
2.1 UALCAN

UALCAN was utilized to analyze the seven GBP
family members’ transcriptional expression in BrCa
tissues and adjacent normal tissues. T-tests with unequal
variance was used to assess the meaning of differences in
transcriptional stages. (p < 0.05 considered statistically
remarkable.)

2.2 be-GenExMiner v4.2

The bc-GenExMiner v4.2 was used to assess the
association  between @~ GBP  expression  and
clinicopathologic parameters of BrCa, such as age,
progesterone receptor (PR), estrogen receptor (ER), nodal
status, Scarff-Bloom-Richardson (SBR) grade, and
human epidermal growth factor 2 (HER2), molecular
subtype. Dunnett-Tukey-Kramer and Welch's tests were
utilized to assess the differential mRNA expression of
GBPs in BrCa cases with varied clinical and molecular
characteristics, with p < 0.05 considered statistically
remarkable.
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2.3 TCGA Database

The Cancer Genome Atlas (TCGA) is a breakthrough
cancer genomics database that molecularly considered
over twenty thousand primary tumors and matched usual
samples spanning thirty-three malignancy forms. TCGA
conducts systematic studies to recognize the mechanisms
of cancer cell incidence and progression, to find novel
diagnosis and therapy options.

2.4 Human Protein Atlas

This database is a unique website leading the effort to
map entirely human proteins in cells, tissues, and organs
through systems biology in the human body, mass
spectrometry-founded  proteomics,  antibody-based
imaging, and transcriptomics. In current study, the direct
comparison of protein expression of various GBP family
participants between BrCa tissues and normal tissues was
done using immunohistochemistry images.

2.5 GeneMANIA

The genetic and protein relationships, co-expression,
pathways, co-localization, and protein domain
relationship of the seven GBP family memberships and
their ligands were investigated using GeneMANIA

(http://www.genemania.org).
2.6 STRING

STRING is a database that assembles, scores, and
integrates all publicly existing protein-protein interaction
data sources and provides computational predictions of
probable activities. This network analysis of the seven
GBP family participants and their ligands was performed.

2.7 TIMER

TIMER was used to confirm the comparative
expression of GBPs between BrCa and normal samples
by the Diff Exp module and to investigate the relationship
between GBP expression and immune infiltrating cells
(CD4+ T cells, B cells, macrophages CD8+ T cells,
neutrophils, and dendritic cells) with the Gene module and
with immune indication sets of tumor-infiltrating immune
cells. The Spearman coefficient was used to express the
relationship, and purity was used to adjust it. The
Wilcoxon test was utilized to evaluate differential
expression.

2.8 Kaplan-Meier Plotter

This database was utilized to assess the prognostic
value of different GBP mRNA expressions in BrCa
patients. Overall survival (OS), post-progression survival
(PPS), relapse-free survival (RFS), and distant metastasis-
free survival (DMFS) were analyzed for all BrCa patients.
Patients were then divided into subgroups based on their
molecular subtype. The cutoff was set at a log-rank p-
value of less than 0.05.
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3. Results

3.1 Expression Patterns of Seven GBP Profiles
Based on Different Variables in TCGA BrCa

The UALCAN web tool was utilized to study the
expression differences of GBP between normal and
tumor tissues at the mRNA level in BrCa. As displayed
in Figures 1 and 2, the mRNA expressions of GBP3/5/7
were higher in BrCa tissues compared to normal tissues
(GBP3, p = 3.25E-08; GBPS5, p = 1.62E-12; GBP7,p =
2.20E-04), whereas the transcription levels of GBP2/4/6
were lower (GBP2, p = 1.62E-12; GBP4, p =
3.316300E-02; GBP6, p =4.39E-01). These results were
confirmed by the TIMER database, which uses TCGA
data.

3.2 Relation of GBP mRNA Levels with
Clinicopathological Features in BrCa Patients

We further examined the relationship between the
mRNA expression of individual GBP members and
BrCa clinicopathological features. Higher SBR grades
were related with higher mRNA levels of
GBP1/2/3/4/5/6 (p <0.0001). Our study did not indicate
a relationship between GBP7 expression and SBR grade
in BrCa patients via the bc-GenExMiner v4.8 databases.
As shown in Table 1, significant relationships were
demonstrated between GBP1/2 expression and the age
of the patients (p = 0.02 and p = 0.01, respectively), and
nodal status showed a significant relation with GBP1
expression in BrCa patients (p = 0.001). Associated with
ER and PR-positive BrCa, the mRNA levels of
GBP1/3/4/5/6 were higher in BrCa (p < 0.001). HER-2
showed a significant mRNA level for GBP7 (p =
0.0006). Triple-negative BrCa (TNBrCa) showed
significant relationships with GBP1/3/4/5/6/7 mRNA
levels (p < 0.0001, p = 0.0005, p =0.035, p <0.0001, p
=0.03, p=0.02, respectively). Basal-like BrCa indicated
significant relationships with GBP1/3/4/5/6/7. The
mRNA levels of all GBP members showed significant
relationships with BrCa PAMS0 subtypes (p < 0.0001).

3.3 Immune cell infiltration images of Distinct GBP
Family Members in Breast Cancer

We observed the protein expression patterns of GBPs
in BrCa using the HPA database. GBP2/3/4/7 and GBP5
showed medium and low staining in breast cancer tissue,
respectively. However, GBP1 and GBP6 were not
detected in breast cancer tissues. GBP1/2/3/4 and 7
showed medium staining in normal tissue (Figure 3).
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3.4 Functional Enrichment of the Top Hundred
Related Genes of Distinct GBP

To accurately identify the possible effects of separate
GBP in BrCa development, we showed Reactome, GO,
and KEGG functional enrichment studies of the top
hundred associated genes of distinct GBP by Metascape,
which was analyzed by the GEPIA database.

3.5 Relation Between Distinct GBP Expression and
Immune Infiltration in BrCa

To assess this theory, we performed an association
study of distinct GBP expressions with the abundance of
immune cells in BrCa and their molecular subunits by
TIMER (Figure 4). Our outcomes indicated that high
GBP1/4/5 expression was highly correlated with greater
infiltrating abundances of dendritic cells, B cells, CD4+
cells, CD8+ cells, and neutrophils in BrCa. GBP2/3/6/7
expression was weakly positively connected with these
immune cell infiltration abundances in BrCa. All GBP
expressions and immune infiltration levels were
significantly correlated.

3.6 Correlation Between Distinct GBP Expression
and Immune Cell Biomarkers in BrCa

To further confirm the relationship between GBP
expression and various immune infiltrating cells, we
studied the relationship between biomarkers of tumor-
infiltrating immune cells and GBP expression in BrCa
and its molecular subclasses by TIMER. Our data
showed a positive correlation between
GBP1/GBP2/GBP3/GBP4/GBP5/GBP6/GBP7
expression and all immune cell infiltration (Figure 5).

3.7 Prognostic Value of GBP Members in BrCa
Patients

The prognostic meaning of GBP members in BrCa
was studied by the Kaplan-Meier plotter dataset. All
GBP members were significant for RFS based on the
KMPlotter mRNA gene chip expression of the GBP
family in BrCa patients. The anticipated Affymetrix IDs
were usable: 202270 at (GBP1), 242907 at (GBP2),
223434 at (GBP3), 1421104 at (GBP4), 238581 at
(GBPS), 1559607 at (GBP6), and 1559607 at (GBP7).

We first examined the prognostic values of the seven
GBPs in all BrCa patients. As revealed in Figure 1, the
mRNA expressions of GBP2/3/4/5/6 were clearly
associated with favorable RFS in all BrCa patients,
whereas GBP1 expressions were obviously related to
unfavorable RFS.
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Table 1. The correlation between mRNA level GBPs and clinicopathological feature of BrCa patients (bc-GenExMiner v4.2).

Triple- q
Criteria SNt(:til?: ER (IHC) PR (IHC) gg‘g negative BC B“s;'é"ke
(TNBC)
TNB Basa
<51 >51 () ) ©) (G ) (@) ) () Not C Not ke
‘;1'13 No. 267 476 332 358 530 187 470 243 396 109 578 87 605 136
Mea 3.63 339 364 330 317 435 321 399 358 363 323 457 3.19 473
n 89 53 12 00 36 59 75 74 05 54 65 15 84 57
P-
Val 0.0222 0.0018 <0.0001 <0.0001 0.6812 <0.0001 <0.0001
ue
(li]; No. 267 476 322 358 530 187 470 243 369 109 578 87 605 136
Mea 4.00 381 392 383 384 399 390 385 393 399 38 398 388 387
n 06 51 30 16 28 48 25 49 35 09 09 66 20 14
P-
Val 0.0163 0.2464 0.1140 0.5902 0.5831 0.3541 0.9281
ue
(;:'33 No. 267 476 322 358 530 187 470 243 369 109 578 87 605 136
Mea 299 305 304 296 313 271 3.15 276 297 309 312 257 311 268
n 91 22 99 01 05 50 61 76 86 42 41 98 17 6l
P-
Val 0.5845 0.3627 0.0003 0.0002 0.4092 0.0005 0.0010
ue
GP4B No. 267 476 322 358 530 187 470 243 369 109 578 87 605 136
Mea 259 260 266 250 249 287 254 270 268 269 252 293 251 298
n 61 79 72 8 9% 14 10 64 65 22 92 6 61 719
P-
Val 0.9147 0.1535 0.0081 0.1792 0.9684 0.0352 0.0083
ue
(;:'53 No. 267 476 322 358 530 187 470 243 369 109 578 87 605 136
Mea 086 079 093 066 049 173 053 136 090 105 056 196 054 201
n 67 29 05 35 62 25 8l 11 00 23 73 79 53 70
P-
Val 0.5928 0.0535 <0.0001 <0.0001 0.3897 <0.0001 <0.0001
ue
(;]63 No. 267 476 322 358 530 187 470 243 369 109 578 87 605 136
Mea ¢4 104 190 192 200 163 200 172 18 185 198 166 200 1.50
n 26 58 58 12 54 63 40 17 06 39 38 16 38 15
P-
Val 0.2176 0.8595 0.0006 0.0046 0.9546 0.0383 0.0002
ue
‘;1'73 No. 267 476 322 358 530 187 470 243 369 109 578 87 605 136

Mea 265 263 260 268 267 258 265 263 260 279 267 250 266 253

50 49 30 23 21 90 64 43 43 09 75 58 62 18
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Figure 1. Kaplan-Meier Curve of relapse free survival based on KMPlotter mRNA gene chip expression of GBP Family in
BrCa patients. Red line represents higher expression and black line represents lower expression.
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Figure 2. Molecular expression analysis of GBP Family in breast cancer generated from be-GenExMiner v4.8. Molecular
subtyping of breast cancer patients according to PAMS0 subtypes HER2-E human epidermal growth factor receptor, PAM50
Parker’s molecular.

Volume 33, January & February 2025 Journal of Advances in Medical and Biomedical Research



Samaneh Biglari ef al. 23

T T il T T T

H I U 1 [ SO O I e I I |
mplee | EE=Em "=mBHREN
e i3 i iR - A A L - L _— 1 A A
. :Iﬂll;'ﬂwl = o 2 mu-l;un = e B "mﬂ.‘*ﬂ

“1 - T n T T _T

,...,,.,,....,
il
HIl-
-
Tl
Trmnscript pae
4
L
I
B
Trasserpt par milken
1
]
B
|

Tranacript per sution

mulEl
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4. Discussion

BrCa is one of the most widespread malignancies
among women worldwide, with more than 570,000
mortalities reported in 2015. Each year, around 1.5
million women worldwide (25% of entirely
malignance cases) are diagnosed with BrCa (24).
Several risk factors for breast cancer including sex,
estrogen, family history, aging, gene mutations, and
leading an unhealthy lifestyle (24, 25).

Interferon-inducible  guanylate-binding  protein
(GBP), which is regulated by p53 and suppresses Rac
protein and NF-Kappa B, as well as the expression of
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matrix metalloproteinase 9, has been recently
mentioned as a probable control factor in tumor
formation (26). GBP is a significant dynamin
superfamily =~ GTPase involved in regulating
cytoskeleton, membrane, and cell cycle dynamics. In
various cell types, including monocytes and
endothelial cells, GBP1 expression is triggered by
IFNy and functions to restrain cellular proliferation in
inflammatory situations. GBP1 is vital for the
autophagosomes’ maturation in response to pathogens
and intracellular pathogen-associated molecular
designs in immunity. GBP1 also prevents endothelial
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cell proliferation while protecting against IFNy-
induced apoptosis in chronic inflammation (27).
Similar proliferation inhibition has been observed in
several tumor models, including breast, colorectal, and
prostate carcinoma mouse models. However, the
current research is the initial to thoroughly discover the
potential function and prognostic rate of GBP in BrCa.

GBP1 is noticeable among the complex proteins, and
its expression seems to be upregulated in primary
tumor examples and brain metastasis. Silencing GBP1
meaningfully decreased the skill of BrCa cells to cross
the blood-brain barrier (28). These studies displayed
that unfavorable RFS were clearly correlated with
GBP1 expressions. Additionally, GBP1 expression is
strongly associated with dendritic cells, CD8+ cells, B
cells, CD4+ cells, and neutrophil infiltration
abundances in BrCa (29). Quintero et al. demonstrated
that knocking down GBP1 significantly impacts the
development of triple-negative BrCa (TNBC) cell
lines. Furthermore, we indicated that in breast cancer
cell lines, EGFR was responsible for regulating GBP1
expression (29). Additionally, ovarian cancer patients'
progression-free survival is shortened by elevated
GBP1 levels. Overall, the findings revealed that GBP1
directly suppresses tumor growth in CRC and that the
reduction of GBP1 expression may indicate the tumor
is avoiding the Thl immune response dominated by
IFNy (30).

GBP2 is a member of the p65 GBP family of
interferon-gamma-inducible GTPases that regulate the
innate immune reaction to microbial infections (16).
GBPs were first discovered in macrophages and are the
most plentiful proteins in cells visible to interferon.
GBP2 influences other cell processes, such as cell
spreading and proliferation, in addition to its role in the
innate immune reaction (16). Expressing mouse GBP2
in NIH3T3 fibroblasts reduces cell doubling time.
GBP2 was recently identified as a TGF-p target gene
activated in metastatic breast cancer cells (17). Our
study showed that a higher SBR level was related to
GBP2 mRNA levels. GBP2 also showed a weak
association with immune infiltrating cells (19). Wang
et al. found that guanylate-binding protein-2 prevents
colorectal cancer cell growth and rises sensitivity to
paclitaxel in resistant colorectal cancer cells by
interfering with Wnt signaling. GBP2 expression also
prevented Rac activation and cell spreading (31). It
suppresses Akt activation by forming a protein
complex with pl10, the catalytic subunit of
phosphatidylinositol 3-kinase (31). STAT1 and IRF1
transcription factors are essential for GBP2
transcriptional activation. GBP2 might have a role in
tumor growth by preventing NF-Kappa B and Rac
protein, thereby blocking the induction of matrix
metalloproteinase-9 (MMP-9) (20). GBP2 expression
was also shown to be developed in esophageal
squamous cell carcinoma rather than in surrounding
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normal epithelium. By interacting with IRF1, p53
upregulates GBP2 expression (21).

GBPS is a member of the interferon-gamma (IFN-y)-
inducible large GTPase family elaborate in various
cellular  processes, comprising inflammasome
stimulation and innate immunity in contradiction of
multiple microbial pathogens (32, 33). GBPS5 has been
linked to favorable prognosis and immune infiltrations
in PD-1 and PD-L1 over-expressing basal-like breast
cancers (34). Our outcomes showed that GBP5 was
related to favorable RFS in all breast cancer patients.
GBPS also showed low staining in BrCa tissue. Hunt et
al. indicated that in HER2+ breast tumors, GBP5 was
associated with better RFS (35).

5. Conclusion

In conclusion, our findings may contribute to
developing new therapeutic treatments, helping
clinicians select appropriate medications for their
patients with breast cancer, and identifying prognostic
biomarkers that more precisely predict the BrCa
patient's survival.
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