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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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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

The paper shows the immunomodulatory potential of fullerenes
C60 against human neutrophils under antigenic load in vitro.
Venous blood samples from 13 healthy volunteers evaluated
the effects of C 60 aqueous dispersion on cell viability and
proteinase-3 (Pr3) secretion. It was shown that with bacterial
stimulation, the survival rate of neutrophils decreases to 81.32%,
while the addition of fullerenes C60 has a protective effect,
increasing viability to 86.73%. This cytoprotection is probably
due to the antioxidant properties of the fullerene scaffold and
its ability to inactivate free radicals. In addition to survival,
the experimental group showed an almost twofold increase in
Pr3 secretion compared to the stimulation control, reaching 2,
14 ng/ml. Statistical analysis by RM-ANOVA confirmed the
significance of these differences, indicating that C 60 actively
stimulates degranulation. Morphological observations are
consistent with these data: in the presence of nanoparticles, there
is a tendency to normalize nuclear segmentation and a decrease
in toxic grain size. The lack of correlation between cell death and
enzyme yield suggests that Pr3 is secreted by active exocytosis
rather than passive membrane disruption. Therefore, C60
fullerenes act as functional stimulants enhancing antimicrobial
potential without depleting the neutrophil pool. These results
position C60 as a promising candidate for the development
of new adjuvants and approaches to the regulation of innate
immunity. Overall, the study confirms that water-soluble
fullerenes are able to simultaneously maintain cell viability and
enhance the effector functions of the primary immune response.

Key words. Immunomodulatory potential, C60 fullerenes,
neutrophils, innate immunity.

Introduction.

C60 fullerenes are a unique allotropic form of carbon consisting
of 60 atoms organized into a closed spherical structure with
pronounced electron-acceptor properties, demonstrate high
effectiveness in the treatment of burns and wounds due to their
unique antioxidant and regenerative properties [1,2]. Due to their
high chemical stability, surface functionalization, nanoscale
and pronounced reactivity, these nanomaterials are considered
as promising platforms for biomedical applications, including
drug transport, antioxidant therapy and the development of new
immunomodulatory systems [1,3-7].

In recent years, there has been considerable interest in the
interaction of C60 fullerenes with cells of the immune system. Of
particular importance is the study of the effect of fullerenes on the
mechanisms of innate (non-specific) immunity, which provides
primary recognition and elimination of foreign agents. The main
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effector cells of this part of the immune defense are neutrophils,
monocytes, macrophages and dendritic cells, which realize
the antimicrobial response through phagocytosis, production
of reactive oxygen species, secretion of proinflammatory
mediators and regulation of intercellular signaling pathways [3].
Modern ideas about innate immunity emphasize the key role of
cell metabolism, mitochondrial signaling and redox regulation
in the formation of an early inflammatory response [3,8-14].

Experimental studies indicate that C60 fullerenes are able
to interact with phagocytic cells and modify their functional
activity. A number of papers have shown the effect of aqueous
C60 dispersions on phagocytosis, intracellular generation
of reactive oxygen species, myeloperoxidase activity, and
expression of adhesion molecules [7,4]. At the same time, the
nature of the response was ambiguous and depended on the
concentration of the substance, the duration of incubation and
the initial functional state of the cells. At low concentrations,
both moderate stimulating effects and inhibition of individual
phagocytic reaction steps were noted.

A promising area is the use of fullerenes as adjuvants of innate
immunity. In particular, C60 conjugates with biologically active
peptides have demonstrated the ability to enhance chemotaxis,
phagocytosis, and expression of MHC II molecules by
macrophages in vitro. Such data make it possible to consider
fullerenes not only as inert nanotransport systems, but also as
active regulators of the cellular functions of the immune system
[5].

Despite the increasing number of publications, information
on the effect of C60 fullerenes on the functional parameters of
cells of nonspecific immunity remains fragmented and largely
contradictory. To date, concentration-dependent effects, features
of the effect on the viability of immunocompetent cells and the
nature of changes in phagocytic activity with direct contact
of nanoparticles with cell populations in vitro have not been
sufficiently studied [7,4].

Objective. To evaluate the effect of C60 fullerenes on
nonspecific human neutrophil activation in vitro by proteinase
3 (Pr3) secretion.

Materials and Methods.

The experimental study was conducted on the basis of Scientific
Research Laboratory of Karaganda Medical University was
approved by the Local Bioethics Commission (protocol No. 37
dated 04.02.2026). The study involved 13 people. Of these, 6
are women, 7 are men. Venous blood samples from donors (n
= 13) were included in the study. The isolated neutrophils were
divided into groups: control (without stimulation), stimulation
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control (with Imudon), experimental group (Imudon + fullerene
Ceo). Venous blood was collected from healthy volunteers (n =
13) in the morning on an empty stomach to exclude the influence
of lipemia and postprandial glycemia on the functional state
of neutrophils. 10 mL AVATUBE (Kazakhstan) vacuum tubes
containing the anticoagulant CPDA (citrate phosphate dextrose
adenine) were used. Neutrophil isolation was performed
according to the modified protocol of Kremserova and Nauseef
(2020). Venous blood with CPDA anticoagulant was used for
neutrophil isolation by gradient centrifugation. To visualize
neutrophils and analyze their morphofunctional state, two
staining methods were used: methylene blue and Romanovsky-
Giemsa.

Preparation of stimuli and fullerene:

Bacterial stimulus (Imudon - contains a mixture of lyophilized
lysates of 13 species of bacteria and fungi of the genus Candida,
which provides a wide range of antigens recognized by receptors
of human innate immunity). Imudon was used in the form of
tablets for resorption (Pharmstandard-Tomskhimpharm OJSC,
Russia). The dosage of 50 mg is indicated on the packaging
of the product, which corresponds to the content of 2.7 mg
of the active substance - a mixture of bacterial lysates - on a
dry basis. One 50 mg tablet was mechanically divided into
four approximately equal parts. The resulting quarter tablet
containing about 0.675 mg of active ingredient was crushed
in a sterile mortar and dissolved in 2.5 ml of sterile saline
(0.9% NaCl). The resulting suspension was used as a source of
bacterial antigens to stimulate neutrophils.

Fullerene C60: An aqueous dispersion of C60 (dnC60) with
an initial concentration of 1 mg/mL was used and stored in the
dark at 4 °C. A 10 pg/mL working solution was prepared by
diluting 10 pL of the stock solution with RPMI-1640 culture
medium to a final volume of 1 mL (1:100 dilution). For the
experimental group, 20 uL of this working solution was added
to a total incubation volume of 600 puL. Therefore, the final C60
concentration in the incubation mixture was 0.33 ug/mL. The
concentration of 10 pg/mL refers to the working solution only.

Experimental groups and incubation: Isolated neutrophils
were used for the experiment. The cell suspension was dispensed
into 1.5 mL Eppendorf tubes according to Table 1.

In the Control 1 group, cells were incubated only in culture
medium without any stimuli, allowing assessment of the basal
level of neutrophil activation. In Control 2, 20 pL of bacterial
stimulus (Imudon) was added, which corresponded to a final
concentration of antigens sufficient to activate neutrophils
in vitro. In the Experiment group, Imudon (20 pL) and C60
working solution (20 pL; 10 pg/mL) were simultaneously
added to evaluate the adjuvant potential of the nanoparticles.
The final C60 concentration in the 600 pL incubation mixture
was 0.33 ug/mL.

All samples were incubated in an oven at 37 C for 45 minutes.
At the end of the incubation, the samples were centrifuged
at 1200 rpm for 5 minutes. The supernatant was collected in
coded tubes and frozen at -20 °C for subsequent enzyme-linked
immunosorbent assay for proteinase-3 (PR3). The cell pellet
was used to prepare smears and ELISA.

Statistical processing was performed using IBM SPSS
statistics, Python 3.14, Matplotlib library.
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Results.

The first stage of the study was to evaluate the survival of
human neutrophils in vitro, after incubation for 45 minutes.
The basal viability level in the control group (K1, RPMI-1640
medium) was 93.06% [95% CI: 92.23-93.89]. After addition of
Imudon bacterial antigen, a statistically significant difference
was observed in the decrease in cell viability (p <0.001
according to the paired Student's t-test). The proportion of live
cells was 81.32% [95% CI: 79.88-82.76]. The data obtained can
be interpreted as the realization of the cytotoxic potential of
bacterial lysates and activation-induced cell death.

When analyzing the effect of antigen and aqueous dispersion
of fullerene C60, a partial recovery of cell viability was
observed, as presented in Figure 1. The mean was 86.73% [95%
CI: 85.42-88.04]. The comparative analysis of groups C2 and E
revealed a statistically significant difference (p = 0.028), which
may confirm the protective effect of nanoparticles. The increase
in survival may indicate membrane-protective properties, which
is probably due to the ability of the fullerene framework to
inactivate free radicals.

Neutrophil secretory activity: proteinase 3 (PR3):

To assess neutrophil status and identify degranulation
processes, we measured the concentration of one of the serine
proteases PR3 in the culture supernatant. Measurement results
and 95% confidence interval are presented in Table 2.

In the control group (C1), the baseline level of PR3 secretion
was 1, 29 £ 0, 49 ng/ml. Interestingly, the stimulation of cells
with the Imudon bacterial antigen (C2) also did not significantly
stimulate the release of the enzyme compared to the control (1,
14 + 0, 62 ng/ml).

However, in the case of simultaneous stimulation of cells with
antigen and fullerene C60 (E), a pronounced effect of activating
the effector functions of cells was observed: the proteinase
concentration in the medium almost doubled to 2, 14 + 1, 31
ng/ml.

Statistical processing using repeated measures analysis of
variance (RM-ANOVA) showed the significance of the detected
differences (p=0, 026) shown in Figure 2. Consistent comparison
of groups C2 and E (antigen vs antigen + C60) revealed
significant stimulation of degranulation by nanoparticles (p =0,
021 by paired t-test).

Despite the high variability of the individual response, reflected
by the confidence interval width for the experimental group in
Diagram 2, the overall trend indicates the modulating effect of
fullerene. Thus, C60 not only increases cell survival, but also
enhances their antimicrobial potential by stimulating exocytosis
of specific granules.

Discussion of interaction mechanisms:

Comparison of data on viability and enzymatic activity revealed
a dual effect of fullerene C60. For example, nanoparticles not
only reduced lethal damage to cells by antigen, but also acted
as a functional stimulator, increasing the release of PR3 from
azurophilic granules.

The lack of correlation between a decrease in survival and
an increase in the concentration of PR3 (r = -0, 12) eliminates
the hypothesis of passive release of the enzyme due to the
destruction of cell membranes. Therefore, the observed effect is
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Table 1. Composition of experimental samples (final incubation volume: 600 uL).

Group Cell suspension (nL) Imudon (pnL) C60 working solution (uL) RPMI-1640 (nL)
Control 1 (C1) 300 - - 300
Control 2 (C2) 300 20 - 280
Experiment (E) 300 20 20 260

Table 2. Proteinase 3 (PR3) concentrations in neutrophil culture supernatants after 45-min incubation in the study groups.

Groups PR3, ng/mL (M £ SD) 95% CI (Confidence Interval) p-value (C2 vs. E)
Control 1 (C1) 1,29 £ 0,49 0,99 — 1,59 —

Control 2 (C2) 1,14 £0,62 0,76 — 1,52 —

Experiment (E) 2,14 +£ 1,31 1,35-2,93 0,021
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Table 3. Comparative characteristics of the study groups.

Sign Control 1 (C1) Control 2 (C2) Experement (E)
Membrane condition Consistent, clear contours Pseudopodia occurrence, single NETs Mostly preserved
Vacuolation Minimal (10-15% cells) Intense, foamy cytoplasm Moderate, reduced vacuole size
Granularity Specific small Gross "toxic" (azurophilic) Rare, less severe

Cell nucleus Typical (2-4 segments)
due to the active de-granulation of viable neutrophils. In light of
the findings, fullerene C60 appears to be a promising adjuvant
candidate capable of enhancing the effector functions of innate
immunity cells without depleting their pool.

Morphological characteristics and qualitative analysis of
neutrophil status:

To assess the condition of neutrophils and the intensity of
degranulation processes, we measured the concentration of
serine protease PR3 in the culture supernatant. The measurement
results and confidence intervals are shown in Table 2.

Therefore, the observed effect is due to the active de-granulation
of viable neutrophils. In light of the findings, fullerene C60
appears to be a promising adjuvant candidate capable of
enhancing the effector functions of innate immunity cells
without development of pronounced cytotoxicity and disruption
of their physiological activity. Comparative characteristics of
the features are presented in Table 3.

According to the data presented in Table 3, neutrophils in
Control Group 2 exhibited pronounced signs of cellular damage,
including intense cytoplasmic vacuolization, toxic azurophilic
granulation, nuclear hypersegmentation, and the appearance of
isolated NETs. In contrast, the experimental group treated with
C60 fullerene demonstrated better preservation of membrane
integrity, reduced vacuolization and toxic granulation, and a
tendency toward normalization of nuclear segmentation. These
findings suggest a cytoprotective effect of C60 fullerene and
its ability to maintain the structural and functional integrity of
innate immune cells.

Discussion.

The results indicate that the aqueous dispersion of fullerene
C60 has a complex immunomodulatory effect on human
neutrophils under conditions of antigenic load. The most
important observation was the combination of increased
cell viability with a simultaneous increase in their secretory
activity. Such a combination is of particular interest, since
neutrophil activation under conditions of inflammation is often
accompanied by the development of activation-induced cell
death and excessive oxidative stress [8,11]. In the present study,
the Imudon bacterial antigen caused a significant decrease in
neutrophil viability, which may reflect both the cytotoxic effect
of bacterial lysates and the launch of activation-associated cell
death programs. Similar mechanisms have previously been
described in studies on the neutrophil response to bacterial
components and proinflammatory stimuli [11].

Partial restoration of cell viability with the addition of fullerene
C60 suggests the presence of pronounced cytoprotective
properties in nanoparticles. It is known that fullerenes are able
to interact with free radicals, showing antioxidant activity
due to the peculiarities of the m -electronic structure of the
carbon framework [8,9]. A number of studies have shown that
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water-soluble C60 derivatives reduce the intensity of lipid
peroxidation, stabilize cell membranes and reduce the level of
ROS-induced cell damage [8,10]. Probably, it was a decrease in
oxidative stress that contributed to the preservation of a larger
proportion of viable neutrophils in the experimental group.

At the same time, an increase in the concentration of PR3 in
the supernatant indicates an increase in the functional activity
of the cells. Proteinase 3 belongs to the serine proteases of
azurophilic neutrophil granules and plays an important role in
the implementation of antimicrobial protection, degradation
of bacterial components and regulation of the inflammatory
response [11]. The absence of a significant increase in PR3 in
the group with one antigen may indicate insufficient activation
of degranulation or the development of functional depletion of
neutrophils under the influence of bacterial lysates. In contrast,
the combined use of antigen and C60 was accompanied by an
almost twofold increase in enzyme levels, indicating stimulation
of granule exocytosis by viable cells.

Of particular interest is the lack of a pronounced negative
correlation between neutrophil viability and PR3 levels. This
makes it possible to exclude mainly passive release of the
enzyme due to destruction of cell membranes and confirms
the hypothesis of active regulated degranulation. Similar
effects have previously been described for some nanomaterials
capable of modulating the functions of innate immunity without
developing pronounced cytotoxicity [8,12].

From the standpoint of modern immunology, the identified
effects may be associated with the effect of fullerene C60 on
redox-dependent neutrophil signalling pathways. It is known
that the level of intracellular reactive oxygen species is closely
related to both cell survival and mechanisms of degranulation
and protease secretion [10,11]. Moderate reduction in oxidative
stress can maintain the functional activity of neutrophils, prevent
premature cell death and preserve their effector potential. In
addition, there are data on the ability of nanocarbon structures
to interact with cell membranes and change the intracellular
signalling processes associated with phagocyte activation
[12,13].

Conclusion.

Thus, the results obtained make it possible to consider
fullerene C60 as a promising immunomodulatory agent capable
of simultaneously maintaining the viability of neutrophils
and enhancing their antimicrobial functions. This makes C60
nanoparticles potentially interesting for the development of new
adjuvant and anti-infective approaches aimed at regulating the
innate immune response.
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