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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
T cells play a significant role in the immune response of 

hyperlipidemic pancreatitis, with their function affected by 
dysregulated lipid metabolism. In acute pancreatitis, rapid 
T-cell activation and Th2 differentiation correlate with disease 
severity, involving CD4+ T cells in inflammation and IL-6 
in systemic T-cell activation. Chronic pancreatitis features 
regulatory T-cell responses and increased central memory T 
cells. Hyperlipidemia exacerbates pancreatic inflammation 
via mechanisms like ferroptosis and fatty acid-induced acinar 
cell pyroptosis. T-cell-targeted immunotherapies show 
promise, though challenges remain. Other immune cells (e.g., 
macrophages), environmental factors, and calcium signaling 
also influence the disease.

Key words. Hyperlipidemic pancreatitis, T cells, immune 
response, lipid metabolism, inflammation.
Introduction.

T cells play a significant role in the immune response 
associated with hyperlipidemic pancreatitis [1]. Hyperlipidemic 
pancreatitis, a condition increasingly prevalent, is linked to 
dysregulated lipid metabolism, which can significantly impact 
T-cell function [2,3]. Recent studies aim to understand how 
these metabolic disturbances affect T-cell differentiation, 
activation, and cytokine production within the context of 
pancreatic inflammation [4,5].
The Role of T Cells in Pancreatitis.

T lymphocytes (table 1), or T cells, are critical components 
of the adaptive immune system and play a vital role in various 
pancreatic diseases, including acute and chronic pancreatitis [1]. 
T cells are involved in the pathogenesis of pancreatitis, where 
imbalances in T-cell subsets within the pancreas contribute to 
disease development [1,6]. The activation of T cells following 
acute pancreatitis involves an antigenic effect, suggesting that 
T cells recognize and respond to specific antigens within the 
pancreas [7]. In acute pancreatitis, T cell activation is rapid, 
leading to T helper 2 (Th2) differentiation, which correlates 
with the severity of the disease8. Depletion of CD4+ T cells has 
been shown to improve the condition in experimental models, 
indicating that CD4+ T cells contribute to the inflammatory 
response [8].

Chronic pancreatitis is associated with disease-specific 
regulatory T-cell responses [9]. Studies have characterized 
T-cell responses against pancreatitis-associated antigens, 
revealing the involvement of T cells in the alternating phases of 
acute inflammation and quiescent disease [9]. Furthermore, an 
increased number of central memory T cells have been observed 
in patients with chronic pancreatitis, suggesting a persistent 
adaptive immune response [10].

Hyperlipidemia: Disrupting T-cell Subsets and Amplifying 
Inflammation.

Hyperlipidemia exacerbates pancreatitis by targeting T-cell 
subsets through metabolic reprogramming, while inducing 
lipid-dependent cell death pathways that further activate T-cell-
mediated inflammation.
Metabolic reprogramming of T-cell subsets.

Excess lipids (e.g., free fatty acids, cholesterol) alter the 
metabolism of T-cell subsets, impairing their functional 
balance. Tregs, critical for limiting excessive inflammation, 
are particularly vulnerable: hyperlipidemia disrupts their 
mitochondrial oxidative phosphorylation, reducing Foxp3 
expression and IL-10 secretion [11]. This dysfunction allows 
unchecked activation of proinflammatory subsets—Th1 and 
Th17 cells—whose secretion of IFN-γ and IL-17 amplifies 
pancreatic neutrophil infiltration and acinar cell necrosis [6].

CD4⁺ T cells also undergo metabolic shifts under hyperlipidemic 
conditions: increased uptake of fatty acids promotes lipid 
droplet accumulation, enhancing their proliferation and Th2 
differentiation via activation of the mTOR-HIF1α pathway 
[12]. This explains why hypertriglyceridemia correlates with 
more severe acute pancreatitis—accelerated Th2 polarization 
intensifies tissue damage [2]. Interleukin-6 (IL-6) has been 
identified as a crucial mediator of systemic T cell activation 
in acute pancreatitis, released by pancreatic macrophages 
and necrotic acinar cells [13]. IL-6 triggers systemic T cell 
activation, contributing to the inflammatory cascade [13].
Lipid-driven cell death and T-cell activation.

Hyperlipidemia induces ferroptosis in acinar cells—an iron-
dependent process driven by lipid peroxidation—releasing 
damage-associated molecular patterns (DAMPs) such as 
HMGB1 [4,5].

Hyperlipidemia can significantly affect T cells in pancreatitis, 
influencing the severity and progression of the disease [14,15]. 
In acute pancreatitis (AP), T cell activation can initiate the 
development of the condition, triggering the release of cytokines 
associated with the Th1 response, which further exacerbates 
the inflammatory response [6]. Furthermore, the increasing 
incidence of hyperlipidemic acute pancreatitis (HLAP) 
highlights the clinical relevance of this interaction [2]. Studies 
show that hyperlipidemia can alter the function of regulatory T 
cells (Tregs), which are critical for maintaining self-tolerance 
and controlling inflammation [14]. When hyperlipidemia 
is induced in mice, Tregs exhibit changes that reduce their 



324

function, potentially exacerbating inflammatory responses in 
conditions like pancreatitis. Live-cell metabolic assays have 
demonstrated that hyperlipidemia alters Treg metabolism [14].

Experimental models of pancreatitis have shown rapid T cell 
activation and Th2 differentiation, which parallels the severity of 
the disease [8]. Depleting CD4+ T cells can lead to improvement, 
suggesting a role for these cells in the pathogenesis of 
pancreatitis [8]. In chronic pancreatitis, CD8+CD103+ T cells, 
similar to those found in intestinal intraepithelial lymphocytes, 
infiltrate the pancreas [12]. This infiltration suggests a potential 
role for these T cells in the chronic inflammatory process [12]. 
Disease-specific regulatory T-cell responses are also associated 
with chronic pancreatitis [9].

Lipid metabolism plays a significant role in T cell signaling and 
function [16]. Dysregulation of lipid metabolism is observed in 
the tumor microenvironment, where tumor cells utilize lipids 
for proliferation, survival, and evasion of immune surveillance 
[17]. Excess lipids in the tumor microenvironment can impede 
CD8+ T-cell activities, which is relevant in the context of 
pancreatic cancer as well [17]. Moreover, a lipid challenge 
can negatively affect autophagy, inhibiting T cell responses 
[11]. Pro-resolving lipid mediators can regulate T-cell immune 
responses, influencing the balance between inflammation and 
resolution [18].

In acute pancreatitis, abnormal activation of ferroptosis, a 
form of regulated cell death characterized by iron-dependent 
lipid peroxidation, can worsen the severity of the condition [5]. 
The relationship between BMI and acute pancreatitis, mediated 
by lipid metabolism, increases the risk of complications and 
mortality [19]. Studies using single-sample Gene Set Enrichment 
Analysis (ssGSEA) have compared the expression levels of 
immune cell-related markers in normal versus pancreatitis 
conditions, and non-obese versus obese groups, providing 
insights into how obesity and pancreatitis affect immune cell 
activity [19].
Interactions with Other Immune Cells: Modulating T-cell 
Responses.

Other immune cells act as critical intermediaries between 
hyperlipidemia and T-cell dysfunction, shaping the inflammatory 
microenvironment.

Tumor-derived extracellular vesicles (tEVs) can induce 
senescence and suppression in T cells through lipid metabolism 
reprogramming [20]. Programmed death ligand 1 (PD-L1), 
a key component of tEVs, plays a role in this process [20]. 
The study of lipid metabolism in tumor-infiltrating T cells 
is essential for understanding immune responses against 
cancer cells [21]. While mild to moderate elevations of serum 
triglyceride levels may be a consequence of pancreatic disease, 
marked hyperchylomicronemia and hypertriglyceridemia can 
trigger acute pancreatitis, suggesting a pre-existing defect in 
lipid catabolism and clearance [22]. Some studies indicate that 
hyperlipidemia induced by a cholesterol-rich diet can aggravate 
necrotizing pancreatitis [22]. Hyperlipidemia can intensify 
cerulein-induced acute pancreatitis, potentially associated with 
the activation of protein kinase C [23].
Other Immune Cells and Environmental Modulators.

Macrophages act as key intermediaries between hyperlipidemia 
and T-cell responses. M1 polarization, induced by excess fatty 
acids, drives both acinar cell pyroptosis and T-cell activation 
[24,25], while M2 macrophages may counteract this via anti-
inflammatory cytokines (e.g., IL-10), highlighting a macrophage-
Treg crosstalk that could be therapeutically targeted [4].
Environmental Factors: Influencing T-cell Subset Dynamics.

Environmental factors, such as alcohol and smoking, can 
modulate adaptive immunity in pancreatitis [23]. These 
factors can influence the overall decrease in peripheral 
lymphocyte counts and increase the risk of pancreatitis by 
differentially influencing the adaptive immune system [23]. 
The immunological reactivity of patients with acute pancreatitis 
varies depending on its genesis, with biliary pancreatitis showing 
increased immunological reactivity and alcoholic pancreatitis 
showing reduced activity.
Calcium Signaling: A Regulator of T-cell Activation and 
Function.

Calcium signaling is a conserved pathway linking pancreatic 
physiology to T-cell immunity, with dysregulation exacerbating 
T-cell-mediated inflammation.

In T cells, calcium influx through CRAC channels is critical for 
activation. Upon T-cell receptor (TCR) engagement, calcium-

T-cell Subset Role in Acute Pancreatitis Role in Chronic Pancreatitis Associated Cytokines Impact of Hyperlipidemia

CD4⁺ T cells Rapid activation, drives Th2 
differentiation

Sustains memory responses, 
promotes fibrosis IL-4, IL-6, IL-13 Enhances proliferation and Th2 

polarization via lipid uptake

Th1 Limited role, activated by 
DAMPs from ferroptosis

Promotes chronic 
inflammation via IFN-γ IFN-γ Accelerated differentiation via 

M1 macrophage cytokines

Th2 Correlates with severity, 
induces edema Minimal role IL-4, IL-13 Enhanced polarization via 

mTOR-HIF1α signaling

Th17 Minor role in acute phase Drives fibrosis via IL-17 IL-17 Increased differentiation due to 
Treg dysfunction

Treg Attempts to limit acute 
inflammation

Impaired function, fails to 
resolve inflammation IL-10, TGF-β Reduced Foxp3 expression and 

IL-10 secretion

Central memory T cells Not prominent Mediates recurrent flares, 
long-term antigen response IL-2, IFN-γ Reduced survival in smokers, 

accelerated activation

CD8⁺CD103⁺ T cells Minimal role Induces acinar cell 
apoptosis, promotes fibrosis Granzyme B, perforin Increased infiltration in 

hyperlipidemic-smoking cohorts

Table 1. Functions of T-cell Subsets in Pancreatitis and Impact of Hyperlipidemia.
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dependent activation of NFAT transcription factors drives 
expression of IL-2, IFN-γ, and other cytokines, promoting 
T-cell proliferation and differentiation [26]. In hyperlipidemic 
conditions, excess lipids (e.g., sphingosine-1-phosphate) 
disrupt CRAC channel function, enhancing calcium influx and 
hyperactivating CD4⁺ T cells—leading to excessive Th1/Th17 
differentiation [27].

In pancreatic acinar cells, dysregulated calcium signaling 
triggers enzyme activation and necrosis, releasing DAMPs 
that activate T cells [28]. This creates a reciprocal loop: 
acinar cell calcium dysregulation activates T cells, while 
T-cell-derived cytokines (e.g., IL-6) further perturb acinar 
cell calcium homeostasis, amplifying inflammation. Targeting 
calcium signaling could thus modulate both T-cell activation 
and pancreatic cell damage, representing a dual therapeutic 
opportunity.

Calcium signaling is a unifying regulator of pancreatic 
physiology and pathology [29]. Dysregulated calcium fluxes in 
acinar cells trigger enzyme activation and cell death, releasing 
DAMPs that activate T cells. Additionally, calcium-dependent 
pathways in T cells modulate their activation and cytokine 
secretion, linking cellular physiology to immune responses [29].
Immunotherapeutic Targets and Future Directions.

Given the significant role of T cells in pancreatitis, 
immunotherapeutic strategies targeting T cells have emerged 
as promising avenues for treatment [30]. The dysregulation 
of immune cells in severe acute pancreatitis has been revealed 
through single-cell RNA sequencing, offering insights into 
potential biological markers for predicting the severity of acute 
pancreatitis [31]. Integration of immune cell signatures and 
diagnostic gene markers is crucial for identifying therapeutic 
targets and improving predictive diagnosis in pancreatitis 
[32]. T cell-based cancer immunotherapy has seen remarkable 
progress, driven by a deeper understanding of T cell biology 
and innovative screening technologies, which may offer insights 
applicable to pancreatitis treatment [28,33].

However, challenges remain, including the need to better 
understand the specific mechanisms by which T cells contribute 
to pancreatic inflammation and to develop targeted therapies 
that can modulate T-cell responses without causing systemic 
immunosuppression [23,34]. The role of hypoxia in CD8+ T 
cell localization and function in pancreatic cancer highlights 
the importance of understanding the microenvironment in 
modulating immune cell activity, which could be relevant in 
pancreatitis as well [35].
Conclusion.

Hyperlipidemic pancreatitis arises from a dynamic interplay 
between lipid metabolism dysregulation and T-cell-mediated 
immunity. Hyperlipidemia disrupts Treg function, promotes 
ferroptosis and pyroptosis, and primes proinflammatory T-cell 
subsets-all amplified by macrophage crosstalk. Future research 
must clarify subset-specific T-cell mechanisms (e.g., CD4⁺ 
Th2 vs. CD8⁺ cytotoxic T cells) and environmental modifiers 
to develop targeted therapies. By integrating lipid metabolism, 
cell death, and immune cell dynamics, we can advance our 
understanding of this complex disease and improve patient 
outcomes.
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