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Abstract 

Background  Breast carcinoma (BC) and lung carcinoma (LC) have the highest incidence and mortality rates world-
wide. In prior work, studied sample hub targets contributing to anticancer potential against BC and LC were identi-
fied through network pharmacology. In the present work, web servers UALCAN, GEPIA2, and KM plotter were used 
to explore the genomic and proteomic expression of these hub targets, along with their prognosis potential in BC 
and LC.

Results  Differential hub targets SRC, MAPK3, PTPN11, JAK2, ESR1, and HAP900A1 for BC and PTPN11, JAK2, ESR1, 
EGFR, and MAPK3 for LC, showed good prognostic potentials. Collectively, PTPN11, JAK2, and ESR1 were overlapped 
differential expressed hub targets involved in the significantly good prognosis of both carcinoma.

Conclusion  These differentially expressed hub targets may be taken into account for future BC and LC treatments 
due to their strong prognostic potential.
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Background
Breast carcinoma and lung carcinoma have the highest 
incidence and mortality rates, respectively, based on the 
estimated age-standardized incidence and mortality rates 
worldwide. Five-year survival rate of lung carcinoma is 
22%, comparatively low to breast carcinoma [1]. With 

the targeted and untargeted chemo-therapeutic interven-
tion, the acquired drug resistance develops; however, the 
mechanisms differ. Many factors contribute to this drug 
resistance: activation of compensatory molecular path-
ways, activation of pro-apoptotic signaling molecules, 
inactivation of apoptotic signaling molecules, targeted 
mutation, lack of DNA repair mechanism, heterogene-
ity of malignant tumour, epithelial-mesenchymal transi-
tion, and many more [2]. Owing to ‘n’ numbers of factors 
contributing to drug resistance, a rational combinatorial 
target approach (targeting compensatory molecular path-
ways) can be a promising alternative to tackle cancer with 
good prognosis potential [3].

Our previous work highlighted bio-assay guided frac-
tionation of 1:1 v/v dichloromethane: ethanol crude 
extract of Pleurotus osteratus and myco-metabolite 
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profiling of 1:1 v/v dichloromethane: ethanol crude 
extract with its potent hexane and ethyl acetate frac-
tion. Against panel of human cancer cell lines  (MDA-
MB-231, Hs578t, MCF, HL-60, Molt-4, A549, NCI-H 
322, Panc-1, MiaPaCa-2, SCC-9, and FaDu)  secreened 
for cell cytoxicity, their bioactivities against human breast 
cancer cell lines  (MDA-MB-231, Hs578t, and MCF-
7), and human lung cancer cell lines  (A549, and NCI-H 
322) were exceptionally good (IC50 < 200  µg/mL). Hex-
ane fraction had higher cytotoxicity against the majority 
of the studied cancer cell lines. Through chemometric 
analysis,  the possible myco-metabolites contributing to 
bioactivities of hexane fraction were betulin, solanocap-
sine, ophiobolin F, linoleoyl ethanolamide, (13R,14R)−7-
labdene-13,14,15-triol, asterosterol, cholest-5-ene, 
(3b,6b,8a,12a)−8,12-epoxy-7(11)-eremophilene-6,8,12-
trimethoxy-3-ol, beta-obscurine, myxalamid B, momor-
dol, and avocadyne 4-acetate, belonging to the class of 
steroid, terpenoids, steroidal alkaloids, fatty alcohol, and 
polyketides. In continuation, we  also traced the under-
lying mechanistic pathway involved in the cytotoxic 
potential of hexane fraction of 1:1 v/v dichloromethane: 
ethanol crude extract of Pleurotus osteratus via network 
pharmacology and experimental validation. Through net-
work pharmacology, SRC, HSP90AA1, PIK3CA, MAPK3, 
AKT1, PTPN11, JAK2, ESR1, EGFR, and CDK1 were 
influential hub targets that contribute to the cytotoxic 
potential of the studied sample against breast carcinoma 
and lung carcinoma. Along side, in  vitro and in  vivo 
experimentation further validates results obtained from 
network pharmacology and signifies modulation of PI3K/
AKT/mTOR signaling pathway, evidence of apoptotic 
bodies from fluorescence microscopy, and decrease in 
tumour volume and tumour weight of hexane fraction-
treated Ehrlich ascites carcinoma cells bearing Swiss 
albino mice [4, 5]. In the present study, in order to exploit 
the cancer multi-omics-based differential genomic 
(mRNA) and proteomic expression analysis of these hub 
targets in cancer and normal samples, along with their 
prognosis potential in breast carcinoma and lung car-
cinoma patients, bioinformatics tools such as GEPIA2, 
UALCAN, and KM plotter were used. Obtained differen-
tial expressed hub targets with good prognostic potential 
may be considered in future therapeutic of breast carci-
noma and lung carcinoma.

Methods
Metabolomics and network pharmacology
In our previous work, we analyzed the cytotoxic poten-
tial of the hexane fraction of Pleurotus osteratus against 
panel of human cancer cell lines. Cytotoxic potential 
against a human breast cancereous cell line and human 
lung cancereous cell line were expectionally good, with 

IC50 < 200 µg/mL [5]. With the help of the network phar-
macology approach, through protein–protein interaction, 
the identified hub targets of tentatively identified myco-
metabolites were SRC, HSP90AA1, PIK3CA, MAPK3, 
AKT1, PTPN11, JAK2, ESR1, EGFR, and CDK1, against 
breast carcinoma and lung carcinoma [4].

Proteomic expression analysis
For analyzing protein expression of the identified hub tar-
gets for breast carcinoma and lung carcinoma, UALCAN 
webserver was used. UALCAN, a comprehensive bioin-
formatics tool, offers protein expression analysis options 
of genes using data from Clinical Proteomic Tumour 
Analysis Consortium (CPTAC) and the International 
Cancer Proteogenome Consortium (ICPC) [6].

Genomic expression analysis
Gene expression profile interactive analysis (GEPIA2) 
webserver was used for the genomic (mRNA) expression 
analysis of the identified hub targets and also for identi-
fying the correlation of mRNA expression with different 
stages of breast carcinoma and lung carcinoma. GEPIA2, 
an updated version of GEPIA, analyses RNA sequenc-
ing expression of 8587 normal and 9736 tumour samples 
from The Cancer Genome Atlas (TCGA) and Genotype-
Tissue Expression dataset (GTEx) [7].

Prognostic potential
The Kaplan–Meier plotter (KM plotter) uses Gene 
Expression Omnibus (GEO), European Genome-phe-
nome Archive (EGA), and TCGA database for correlat-
ing the genomic expression with overall survival in more 
than 30,000 patients of 21 different types of tumour. For 
establishing the role of the identified hub targets with 
the overall survival in breast carcinoma and lung carci-
noma, a KM plotter was used [8]. The median expression 
of genes served as the cutoff for classifying patients into 
high- and low-expressed groups.

Results
Proteomic expression analysis
Using the UCALAN web server, the protein expression 
of hub targets was assessed for breast carcinoma and 
lung carcinoma (Fig. 1). We found that SRC, HSP90AA1, 
MAPK3, AKT1, ESR1, EGFR, and CDK1 were sig-
nificantly highly expressed in tumour sample of breast 
carcinoma as compared to normal sample (p < 0.05). 
Contrarily, tumour samples of breast carcinoma had 
significantly lower expression of the proteins PIK3CA, 
PTPN11, and JAK2 than normal samples (p < 0.05). 
In lung carcinoma tumour samples, significantly high 
expression of hub targets HSP90AA1, AKT1, EGFR, and 
CDK1 was observed as compared to normal samples 
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(p < 0.05), whereas SRC, PIK3CA, MAPK3, PTPN11, 
and JAK2 hub targets were significantly lower expressed 
in lung carcinoma samples as compared to normal 
(p < 0.05). ESR1 protein expression in lung carcinoma was 
undetected.

Genomic (mRNA) expression analysis
GEPIA websever was used for transcriptional expres-
sion study of hub targets among tumour and normal 
samples (Fig. 2). The genomic expression of hub targets 
SRC, HSP90AA1, AKT1, ESR1, and CDK1 was highly 
expressed in breast carcinoma and lung carcinoma as 
compared to normal tissue (p < 0.05). A significantly 

lower genomic expression of hub targets PI3KCA, 
MAPK3, JAK2, and PTPN11 was found in breast car-
cinoma and lung carcinoma, compared to the normal 
(p < 0.05). The mRNA expression of EGFR in lung carci-
noma showed a non-significant difference with normal. 
In contrast to the high protein level of EGFR in breast 
carcinoma, the transcription level was low expressed in 
the breast carcinoma, followed by the normal tissue.

To study the clinical significance of hub targets in 
breast carcinoma and lung carcinoma patients, mRNA 
expression of hub targets was correlated with clinico-
pathological stages using GEPIA2. Transcriptional level 
of all hub targets (SRC, HSP90AA1, PIK3CA, MAPK3, 

Fig. 1  Proteomic expression of hub targets in breast carcinoma (a–j) and lung carcinoma (k–s)
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AKT1, PTPN11, JAK2, ESR1, EGFR, and CDK1) was 
significantly correlated with different stages of breast 
carcinoma and lung carcinoma patients collectively 
(Fig. 3).

Prognostic potential of hub targets
For exploring the prognostic potential of hub targets 
for breast carcinoma and lung carcinoma, the KM 
plotter webserver was used, which analyzes the rela-
tionship of mRNA expression of the hub targets with 
the overall survival (OS). High mRNA levels of SRC, 
MAPK3, PTPN11, JAK2, and ESR1 and low mRNA 
level of HAP900A1 showed a significant good prog-
nosis in breast carcinoma (Fig.  4), whereas PTPN11, 
JAK2, ESR1, and EGFR high mRNA expression and 
low expression of MAPK3 showed significant good 
prognosis in lung carcinoma. A non-significant rela-
tionship was reflected in mRNA expression of PI3KCA 
and AKT1 with OS for breast carcinoma and lung car-
cinoma. Above this hub genes, mRNA expression of 
HSP900A1 in lung carcinoma showed a non-significant 
effect on OS. The prognostic potential of CDK1 hub 
genes was unavailable in the KM plotter webserver.

Discussion
Hormonal therapies (related to estrogen receptors) 
are commonly used in therapeutic intervention of ER-
positive  breast cancer. Despite positive outcomes and 
increased survival rates to hormonal treatments, resist-
ance to such hormonal therapies develops, owing to 
mutations in ESR1, such as Y537S and D538G. This 
estrogen receptor (ESR1 in the presented work) can 
cross-talk with various receptor tyrosine kinases 
(RTKs) like EGFR, FGFR, and HER [9] [10]. Resistance 
to hormonal therapies also develops due to molecular 
signaling through the activation of redundant or alter-
native RTKs, leading to the reactivation of ER-regu-
lated transcription programs and tumour cell growth. 
Based on the cancer multi-omics results reported 
above, obtained from UALCAN and GEPIA2, the pro-
teomic expression and genomic expression of ESR1 in 
breast carcinoma and lung carcinoma were significantly 
high as compared to normal tissue. Parallely, EGFR 
proteomic expression was significantly high expressed 
in breast  carcinoma tissue than the normal tissue. 
The insignificant difference in proteomic and mRNA 
expression of EGFR in lung carcinoma was observed. In 
contrast to the proteomic expression of EGFR in breast 

Fig. 2  Genomic (mRNA) expression of hub targets ((a) SRC, (b) HSP90AA1, (c) PIK3CA, (d) MAPK3, (e) AKT1, (f) PTPN11, (g) JAK2, (h) ESR1, (i) EGFR, 
and (j) CDK1) in breast carcinoma (BRCA) and lung carcinoma (LUAD)



Page 5 of 8Shreya et al. Future Journal of Pharmaceutical Sciences           (2025) 11:17 	

carcinoma, the transcription level was significantly low 
expressed in breast carcinoma.

Activation of RTKs leads to activation of down-
stream signaling cascades (PI3K/AKT, Ras/MEK/ERK, 
PLC/PKC, and JAK/STAT), thereby promoting growth 
signal. Resistance to EGFR-targeted therapy devel-
ops due to frequent KRAS mutation and activation 
of other complementary RTKs members and down-
stream pathways [11, 12]. MAPK3, or extracellular 
signal-regulated kinase 1 (ERK1), is a pivotal compo-
nent of the MAPK signaling pathway. Owing to muta-
tion or overexpression of upstream signaling molecules 
like Ras, Raf, RTKs (HER2, EGFR), MAPK3 is overex-
pressed in breast and lung cancer. Besides interacting 
RTKs, MAPK3 can cross-talk with ER signaling and 

promote the transcriptional activity of ER. This over-
expression contributes to progression of malignancies. 
Trametinib and selumetinib, MEK inhibitors, are under 
clinical investigation with other combinational thera-
pies to overcome resistance (particularly HER2, EGFR) 
in breast and lung cancer [13–15]. PTPN11 (protein 
tyrosine phosphatase non-receptor type 11) also partic-
ipates in downstream signal transduction of RTKs such 
as MAPK and PI3K/AKT signaling cascade. Dysregu-
lation or mutation of PTPN11 drives hyperactivation 
of MAPK and PI3K pathways, resulting progression 
of malignancies in breast cancer and lung cancer [16]. 
As per cancer multi-omics result stated above, retrived 
from UALCAN and GEPIA2, the downstream signal-
ing PI3KCA, PTPN11, and JAK2 proteomic expressions 

Fig. 3  Correlation of transcriptional level of hub targets ((a) SRC, (b) HSP90AA1, (c) PIK3CA, (d) MAPK3, (e) AKT1, (f) PTPN11, (g) JAK2, (h) ESR1, (i) 
EGFR, and (j) CDK1) with stages of breast carcinoma and lung carcinoma
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were significantly lower expressed in breast carcinoma 
than in the normal tissue except AKT1 and MAPK3. 
On the other hand, the proteomic expression of 
PI3KCA, PTPN11, JAK2, and MAPK3 was significantly 
lower expressed in lung carcinoma as compared to nor-
mal tissue except AKT1. However, PI3KCA, PTPN11, 
JAK2, and MAPK3 translational expressions were 

significantly low expressed in both breast carcinoma 
and lung carcinoma, except AKT1.

SRC, a non-receptor protein kinase, is activated by 
diverse classes of cellular components such as integrins, 
G protein-coupled receptors, receptor tyrosine kinases, 
and steroid receptors. Upon activation, SRC triggers 
multitude downstream signaling pathways PI3K/AKT, 

Fig. 4  Prognostic potential of hub targets ((a) SRC, (b) HSP90AA1, (c) PIK3CA, (d) MAPK3, (e) AKT1, (f) PTPN11, (g) JAK2, (h) ESR1, and (i) EGFR) 
in breast carcinoma and ((j) SRC, (k) HSP90AA1, (l) PIK3CA, (m) MAPK3, (n) AKT1, (o) PTPN11, (p) JAK2, (q) ESR1, and (r) EGFR) in lung carcinoma
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Ras/MEK/ERK, PLC/PKC, and JAK/STAT, thereby 
controlling diverse spectrum of biological activities 
including gene transcription, cell adhesion, cell cycle 
progression,  and migration. Dosatinib, sarcotinib, and 
bosutinib are SRC inhibitors that are under clinical tri-
als for breast cancer and lung cancer as monotherapy and 
as combination therapies. Transcriptional overexpression 
of SRC was observed in breast and lung cancer tissue 
as compared to normal tissue. This overexpression sig-
nificantly contributes to the progression of malignancies 
[17]. While HSP90A1 (heat shock protein 90 alpha fam-
ily), a molecular chaperone, plays crucial roles in folding, 
stability and activity of several oncogenic signaling pro-
teins (HER2, EGFR, and ER). It also contributes to activa-
tion of downstream MAPK and PI3K signaling pathway 
contributing to proliferation, differentiation, and cell sur-
vival. Inhibitors such as geldanamycin bind to the ATP-
binding pocket of HSP90, inhibit its chaperone function, 
and lead to the degradation of oncogenic proteins [18]. 
Besides this, dysregulation of CDK1s also results in 
uncontrolled cancer cell proliferation. In accordance 
with cancer multi-omics result described above, analyzed 
by UALCAN and GEPIA2, the proteomic and genomic 
expression of HSP90AA1 and CDK1s were significantly 
higher expressed in breast carcinoma and lung carci-
noma. While SRC proteomic and genomic expressions 
were highly expressed in  breast carcinoma. In contrast, 
in lung carcinoma, proteomic expression of SRC was 
significantly low expressed, and genomic expression was 
highly expressed.

Moreover, transcriptional levels of all hub targets (SRC, 
HSP90AA1, PIK3CA, MAPK3, AKT1, PTPN11, JAK2, 
ESR1, EGFR, and CDK1) were significantly correlated 
with different stages of breast carcinoma and lung carci-
noma patients collectively.

Conclusion
Comparatively, for breast carcinoma, differentially 
expressed hub targets such as SRC, MAPK3, PTPN11, 
JAK2, ESR1, and HAP900A1 and differential expressed 
hub targets PTPN11, JAK2, ESR1, EGFR, and MAPK3 
for lung carcinoma showed significant good prognostic 
potential. Collectively, PTPN11, JAK2, and ESR1 were 
overlapped differential expressed hub targets involved 
in the significantly good prognosis of both carcinoma 
(breast carcinoma and lung carcinoma). These differen-
tially expressed hub targets may be taken into account for 
future breast carcinoma and lung carcinoma treatments 
due to their strong prognostic potential.
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