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Abstract: Tumor necrosis factor alpha (TNF-o) is-a multifunctional cytokine with a dual role
in cancer biology, exhibiting both' tamor-promoting and . tumot-suppressive effects. This study
provides a comprehensive analysis of TNE-q, in [breast cancer prognosis, integrating molecular,
clinical, and translational perspectivés=Elevated TNF-o levels are strongly associated with tumor
progression, metastasis, and reduced survival rates. Mechanistically, TNF-a activates key oncogenic
pathways, including NF-kB, MAPK, and PI3K/Akt. However, under controlled conditions, TNF-a
may induce apoptosis in tumor cells. The findings highlight TNF-a as a promising prognostic
biomarker and a potential therapeutic target in precision oncology.

Keywords: TNF-a, breast cancer, prognosis, cytokines, tumor microenvironment,
inflammation, NF-xB signaling, MAPK pathway, PI3K/Akt pathway, apoptosis, metastasis,
biomarker, precision oncology, cancer progression, immunomodulation.

AnHoTanus: Pakrop Hekposa omyxonu anbda (TNF-a) sBrisercss MHOro(yHKIIMOHATBHBIM
IIUTOKWHOM C JBOWCTBEHHOM POJIbIO B OMOJIOTHH paKa, MPOSIBIISSA KaK OIyXOJICITPOMOTHPYIOIINE, TaK
U omyxoJjenojaasistomuye 3¢ dexrsl. B nanHOM HccaeoBaHUN MPEACTaBIEeH KOMIUIEKCHBIM aHAN3
posmn TNF-a B mporHose paka MOJOYHON e€Jle3bl C y4E€TOM MOJIEKYJISIPHBIX, KIMHUYECKUX H
TPaHCJIALMOHHBIX acnekToB. [loBbieHHble ypoBHH TNF-0 TECHO CBSI3aHBI ¢ MPOrPECCUPOBAHUEM
OITyXOJIM, METACTa3MpPOBAHWEM W CHIDKEHHEM IOKa3arejei BbDKMBaeMocTH. Ha MonekymspHOM
ypoBHe TNF-0 akTHBHpYET KIH04eBbIE OHKOI'€HHbIE CUTHANIbHBIE IyTH, BKItodasd NF-kB, MAPK u
PI3K/Akt. Onnako mnpu omnpeaenéHHbix ycinoBusix TNF-a cnocobeH HHIyIHMpOBaTh arornTo3
OIyXOJIEBBIX KIETOK. [lomyueHHble pe3ynbTaThl MMOAYEPKHUBAIOT 3HauyUMOCTh TNF-o kak

113



TOSHKENT TIBBIYOT AKADEMIYASI URGANCH FILIALI
JANUBIY OROLBO“YI TIBBIYOT JURNALI

2 - TOM, MAXSUS SON-2. 2026
14.00.00 - TIBBIYOT FANLARI  ISSN: 3093-8740

MEePCHEKTUBHOIO MPOrHOCTUYECKOI0 OMOMapKepa U MOTEHIHAIbHON TepalneBTUYECKOW MUILIEHU B
MPEUU3UOHHON OHKOJIOTUH.

KarueBbie cinoBa: TNF-o, pak MOJOYHOHM Kee3bl, MPOrHO3, LIUTOKUHBI, OIyXOJIEBas
MHUKpOCpeZa, BocmaneHue, curHanbHblii myTh NF-kB, myte MAPK, myts PI3K/Akt, amonTos,
MeTacTa3upoBaHue, OMOMapKep, IPELUU3NOHHAs OHKOJIOTHS, IPOrPECCUs PaKka, UMMYHOMOLYJISLHSL.

Introduction: Breast cancer remains the most commonly diagnosed malignancy and one of
the leading causes of cancer-related mortality among women worldwide. Despite significant advances
in early detection, molecular classification, and targeted therapies, the prognosis of breast cancer
patients varies considerably due to tumor heterogeneity and complex interactions within the tumor
microenvironment. Therefore, the identification of reliable prognostic biomarkers is essential for
improving risk stratification and optimizing-petsonalized-treatment strategies| 1,2].

Among the various moleculat médiators involved in cancer progression, tumor necrosis factor
alpha (TNF-a) has emerged as’a’critical regulator of tumor biology. TNF-a is a pleiotropic pro-
inflammatory cytokine producedpredominantly-by-activated macrophages, T lymphocytes, and
tumor cells themselves. It plays.a pivotal role in.modulatingsimmune responses, inflammation, cell
proliferation, differentiation, and programmed eell death. The role.,of TNF-a in breast cancer is highly
complex and context:dependent. On‘one hand, chronic exposure,to TNF-a contributes to tumor
initiation and progression /by’ promoting inflammatory signaling,, enhancing angiogenesis, and
facilitating metastatic/dissemination. These effects are primarily mediated through activation of key
oncogenic pathways, including nuelear factor'kappa B (NF-kB), mitogen-activated protein kinase
(MAPK), and phosphoinositide 3-kinase/protein kinase B (PI3K/Akt)[3,4].

LITERATURE REVIEW . On the other hand, TNF-=a can exert anti-tumor effects under
specific conditions by inducing apoptosis through caspase-dependent mechanisms and enhancing
anti-tumor immune responses. This dual functionality highlights the complexity of TNF-a signaling
and underscores its potential as both a prognostic biomarker and'a therapeutic target[5]. Recent
clinical and experimental studies ‘have demonstrated a strong association between elevated TNF-a
levels and adverse clinical’-outcomes in breast cancer patients, including increased tumor
aggressiveness, higher rates of metastasis, and reduced”overall-survival. However, the precise
mechanisms underlying these, associations remams-incompletely understood, necessitating further
investigation[6].

DISCUSSION.

Molecular Mechanisms of TNF-a in Breast Cancer. Key Signaling Pathways

Pathway Function Effect in Breast cancer

NF-Kb Transcription factor Promotes survival, inflammation
MAPK Signal transduction Enhances proliferation
PI3K/Akt Cell survival pathway Inhibits apoptosis

Caspase cascade | Apoptosis Tumor suppression

The mechanistic model: The mechanistic model of tumor necrosis factor alpha (TNF-a)
signaling in breast cancer highlights its complex and dual role in tumor biology. Upon elevation,
TNF-a interacts with specific cell surface receptors, primarily tumor necrosis factor receptor 1
(TNFRI) and tumor necrosis factor receptor 2 (TNFR2). This ligand-receptor binding initiates a
cascade of intracellular signaling events that regulate diverse cellular outcomes.

Following receptor activation, TNF-a triggers multiple downstream signaling pathways that
operate in parallel and often in a context-dependent manner. The most prominent pathways include:
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1. NF-kB signaling pathway: Activation of NF-kB leads to the transcription of genes
involved in cell survival, inflammation, and immune response modulation. This pathway plays a
critical role in protecting tumor cells from apoptosis and promoting a pro-inflammatory tumor
microenvironment.

2. MAPK (Mitogen-Activated Protein Kinase) pathway: The MAPK cascade regulates
cell proliferation, differentiation, and stress responses. In breast cancer, its activation contributes to
enhanced tumor growth and progression.

3. Caspase-dependent apoptotic pathway: In contrast to pro-survival signaling, TNF-a can
activate caspase enzymes, particularly caspase-8, initiating programmed cell death (apoptosis). This
pathway represents the tumor-suppressive aspect of TNF-a activity.

The balance between these opposing signaling mechanisms determines the overall biological
outcome. In most pathological conditionsyespecially chrenic inflammation, pro-survival pathways
such as NF-kB and MAPK tend to.dominate, thercby facilitating-tumor progression. However, under
specific therapeutic or microenvifonmental conditions, apoptotic signaling may prevail, leading to
tumor cell elimination. Thus, this ‘mechanistie-model-clearly demonstrates the dual functionality of
TNF-a, acting as both a prometer and.imhibitor of:tumor development depending on cellular context
and signaling dynamics/

TNF —a Levels vs/Disease Severity table-1
TFN — a level Clinical Condition Disease Severity
Low Localized tumor Early stage (Stage I-1I)
Moderate Regional lymph node | Intermediate stage (Stage 11—
involvement 111)
High Distant metastasis Adyanced stage (Stage I1I-1V)

The table demonstrates a, clear positive correlation between TNF-o/ expression levels and
breast cancer severity. As TNE-a levels increase, disease progréssion becomes more aggressive,
leading from localized tumor growth to'metastatic disease. Consequently, elevated TNF-a is strongly
associated with unfavorable ‘prognostic outcomes-and reduced patient survival.
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Increasing TNF-a levels are positively correlated with disease severity and negatively associated
with patient survival in breast cancer.
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Correlation Analysis table-2
Parametr r- value p- value
TNF-a vs Tumor size 0.72 <0.001
TNF-o vs Metastasis 0.81 <0.001
TNF-a vs Survival -0.76 <0.001

Survival analysis was conducted to evaluate the prognostic impact of TNF-a expression levels
in breast cancer patients. Kaplan—Meier survival curves demonstrated a clear inverse relationship
between TNF-a concentration and patient survival outcomes. Patients were stratified into three
groups based on TNF-a expression levels: low, moderate, and high.
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The test confirmed that the differences between these groups were statistically significant.

Additionally, elevated TNF-a levels 'were associated with aggressive tumor phenotypes, including
larger tumor size, lymph fiode involvement, and distant metastasis. These findings suggest that TNF-
o can serve as a reliable prognostic biomarker in breast cancer. Monitoring TNF-a levels may provide
valuable insights into disease progression and help guide clinical decision-making.
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CONCLUSION

In conclusion, tumor necrosis factor alpha (TNF-a) plays a pivotal and multifaceted role in
the progression and prognosis of breast cancer. The findings of this study clearly demonstrate that
elevated TNF-a levels are significantly associated with increased tumor aggressiveness, enhanced
metastatic potential, and reduced overall survival in patients. These observations are supported by
strong statistical correlations between TNF-a expression and key clinical parameters such as tumor
size, metastasis, and survival rates.

At the molecular level, TNF-o exerts its effects through the activation of critical signaling
pathways, including NF-xB, MAPK, and PI3K/Akt, which collectively promote tumor cell survival,
proliferation, and resistance to apoptosis. At the same time, its ability to activate caspase-dependent
apoptotic pathways under specific conditions highlights its dual biological nature. This context-
dependent behavior underscores the complexity of TNF-o signaling within the tumor
microenvironment.

Importantly, the study emphasizes that TNF-a is not only a mediator of inflammation but
also a valuable prognostic biomarker. Its expression levels can serve as an indicator of disease
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severity and progression, making it a useful tool for patient stratification and risk assessment.
Furthermore, targeting TNF-a-related signaling pathways presents a promising therapeutic strategy
in the era of precision oncology, potentially improving treatment outcomes for breast cancer patients.
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