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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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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].
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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 wvulnerable: hyperlipidemia disrupts their
mitochondrial oxidative phosphorylation, reducing Foxp3
expression and IL-10 secretion [11]. This dysfunction allows
unchecked activation of proinflammatory subsets—Thl and
Th17 cells—whose secretion of IFN-y and IL-17 amplifies
pancreatic neutrophil infiltration and acinar cell necrosis [6].

CD4'T cellsalsoundergo metabolic shiftsunderhyperlipidemic
conditions: increased uptake of fatty acids promotes lipid
droplet accumulation, enhancing their proliferation and Th2
differentiation via activation of the mTOR-HIFla 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
HMGBI [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 Thl 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
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Table 1. Functions of T-cell Subsets in Pancreatitis and Impact of Hyperlipidemia.

T-cell Subset Role in Acute Pancreatitis

Rapid activation, drives Th2

Sustains memory responses

Role in Chronic Pancreatitis | Associated Cytokines Impact of Hyperlipidemia

Enhances proliferation and Th2

+ > - - -

CD4" T cells differentiation promotes fibrosis [L-4, IL-6, IL-13 polarization via lipid uptake

Thi Limited role, activated by ~ Promotes chronic IFN- Accelerated differentiation via
DAMPs from ferroptosis inflammation via IFN-y Y M1 macrophage cytokines
Correlates with severity, .. Enhanced polarization via

Th2 induces edema Minimal role IL-4,IL-13 mTOR-HIFla signaling

Th17 Minor role in acute phase Drives fibrosis via IL-17 IL-17 Increased dlffe?rentlatlon due to

Treg dysfunction

Treg Attempts t_o limit acute Impalrefi functlon3 fails to IL-10, TGF-p Reduced F0>.(p3 expression and
inflammation resolve inflammation IL-10 secretion

Central memory T cells Not prominent Mediates recurrent flares, IL-2, IFN=y Reduced survival in smokers,

Induces acinar cell
apoptosis, promotes fibrosis

CD8&'CD103* T cells Minimal role

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.

324

long-term antigen response

accelerated activation
Granzyme B, perforin Increage.d inﬁ.ltration %n
’ hyperlipidemic-smoking cohorts
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 amacrophage-
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-



dependent activation of NFAT transcription factors drives
expression of IL-2, IFN-y, 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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