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Abstract: Candida albicans (C. albicans) is a significant fungal pathogen responsible for serious infections, espe-
cially in immunocompromised persons. Neutrophils are crucial for innate protection against fungal infections. The
anesthetic propofol influences immunological activities, however its impact on neutrophil antifungal activity remains
ambiguous. This study examined the effects of propofol on neutrophil responses in humans and mice to C. albicans
and evaluated clinical consequences. In vitro, human neutrophils pretreated with propofol exhibited decreased
fungal eradication. Propofol diminished glutathione levels, elevated malondialdehyde and ferrous iron concentra-
tions, and inhibited the activation of the cyclic GMP-AMP synthase (cGAS) - stimulator of interferon genes (STING)
pathway as well as ferroptosis indicators. In C. albicans-infected mice, propofol diminished renal inflammation,
although augmented fungal load and decreased pro-inflammatory cytokines. An analysis of 836 ICU patients with
fungal infections from the MIMIC-IV database indicated that propofol-treated patients experienced prolonged hospi-
tal stays compared to untreated controls, with no change in fatality rates. Propofol hinders neutrophil clearance of
C. albicans by obstructing cGAS-STING signaling and ferroptosis.
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Introduction innate immunity acts as the body'’s first line of
defense [7-9]. The control and resolution of C.
albicans infection primarily rely on coordinat-
ed interactions between multiple immune cell
types - including dendritic cells (DCs), macro-
phages, neutrophils, and natural killer cells -
and the cytokines secreted by these cells [10-
13]. Neutrophils, as the primary immune effec-
tors against C. albicans, eliminate this fungus
primarily through four key mechanisms: phago-
cytosis, reactive oxygen species (ROS) produc-
tion, degranulation, and the formation of neu-

Candida albicans (C. albicans), a prevalent
commensal organism within the cutaneous and
intestinal microbiota, normally colonizes the
epithelial surfaces of healthy individuals [1, 2].
It may overgrow and trigger invasive fungal in-
fections when host immune defenses are com-
promised [3]. As the primary etiological agent
of invasive candidiasis, C. albicans causes -
400,000 annual life-threatening systemic in-
fections in severely immunocompromised pa-

tients worldwide and is among the leading
causes of hospital-acquired infections [4-6].
Upon invasion, the host initiates a diverse array
of sophisticated immune mechanisms to con-
trol and eliminate this pathogen, among which

trophil extracellular traps (NETs) [14, 15].

Propofol, a commonly used intravenous anes-
thetic for surgical anesthesia and ICU sedation,
exerts immunomodulatory effects that disrupt
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macrophage functions, including chemotaxis,
oxidative burst, and phagocytosis [16, 17]. It
also impacts the production of proinflammatory
cytokines including tumor necrosis factor-a
(TNF-o), interleukin-1B (IL-1B), and interleukin-6
(IL-6) in macrophages, and suppresses phago-
cytosis and apoptosis [18]. However, the impact
of propofol on neutrophils’ antifungal activity
against C. albicans remains unclear.

Ferroptosis, a regulated cell death distinct from
apoptosis and necrosis, is initiated by intracel-
lular lipid reactive oxygen species (L-ROS) gen-
erated through the activation of enzymes
involving iron and polyunsaturated fatty acids
(PUFA) [19, 20]. Neutrophil ferroptosis plays a
key role in various pathological conditions [21,
22]. It clears phagocytosis-resistant pathogens
during infection [23], modulates inflammation
by amplifying and resolving immune responses
[24], and mitigates autoimmune diseases by
eliminating hyperactive cells [25]. In C. albicans
infection, ferroptosis may enhance antifungal
immunity through the release of ROS and infla-
mmatory mediators upon cell membrane dam-
age [26]. However, excessive ferroptosis can
cause collateral host tissue damage [27]. Thus,
neutrophil ferroptosis has a dual impact on C.
albicans infection - facilitating pathogen control
while potentially inducing tissue injury. Com-
prehensive understanding of its mechanisms
is crucial for developing targeted antifungal
therapies.

The cyclic GMP-AMP synthase (cGAS) - stimula-
tor of interferon genes (STING) signaling path-
way is a crucial component of the innate im-
mune system that detects cytosolic DNA and
triggers downstream immune responses. Re-
cent studies have provided compelling evi-
dence for the critical role of the cGAS-STING
pathway in fungal infections, particularly in ker-
atitis models. In fungal infections such as
Aspergillus fumigatus keratitis, the cGAS-STI-
NG pathway is essential for mediating inflam-
matory responses and autophagy. Specifically,
the knockdown of cGAS results in a reduction
of pro-inflammatory cytokines induced by
Aspergillus fumigatus, whereas the restoration
of cGAS activity can reinitiate the inflammatory
response [28]. In the pathogenesis of C. albi-
cans Kkeratitis, inhibition of this pathway exacer-
bates the disease, as indicated by elevated
clinical scores, increased fungal burden, and
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heightened inflammatory responses [29]. Fur-
thermore, in the context of immunosenes-
cence, ceramide can modulate the activation of
this pathway by regulating mitochondrial per-
meability, thereby inhibiting the delayed apop-
tosis of neutrophils [30]. This suggests that the
pathway is not only involved in immune respons-
es to infection, but may also play a role in regu-
lating the aging process of immune cells. Given
the importance of this pathway in antifungal
immunity, understanding how clinical interven-
tions might modulate cGAS-STING signaling is
crucial, particularly in the context of neutrophil
function.

This study aimed to identify the mechanisms
underlying propofol-mediated regulation of C.
albicans infection and to investigate whether
propofol influences neutrophils’ killing capacity
against C. albicans by regulating neutrophil
ferroptosis.

Materials and methods
Mice

C57BL/6J mice aged 6-8 weeks were pur-
chased from Shanghai Laboratory Animal Cen-
ter. All experimental procedures were per-
formed under the standards of the Association
for Assessment and Accreditation of Laboratory
Animal Care (AAALAC). This project was app-
roved by the Ethics Committee of the Naval
Military Medical University.

Culture and heat inactivation of C. albicans
strain SC5314

C. albicans strain SC5314 was provided by Dr.
N. Ma. C. albicans colonies were grown over-
night at 30°C in yeast extract peptone dextrose
(YPD) medium, then transferred to a 37°C envi-
ronment in YPD with 10% FBS for 3 hours to
induce hyphae formation. Yeast cells were
washed three times and resuspended in phos-
phate-buffered saline (PBS) buffer, then incu-
bated at 65°C for 1 hour to obtain heat-killed C.
albicans (HKCA).

Systemic C. albicans infection

For each infection, a colony was cultured in YPD
medium at 30°C for 24 hours, then washed
with PBS and diluted to 4 x 10° cells/ml. These
yeast cells were injected into 6-8-week-old
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mice via the tail vein. The mice’s body weight
was monitored daily. At the experimental end-
point (1 or 5 days post-infection), mice were
euthanized by exposure to a gradually increas-
ing concentration of carbon dioxide (CO,), fol-
lowed by cervical dislocation as a secondary
method to ensure death. Subsequently, kid-
neys, livers, lungs, and spleens were collected
to measure fungal burden. Tissues were ho-
mogenized, diluted, and spread on YPD agar
plates to count fungal CFUs after 24 hours [31].

Histopathology

The kidneys were preserved in 4% paraformal-
dehyde for 2-3 days before being sent to Ser-
vicebio (Wuhan, China) for paraffin embedding,
sectioning, and staining.

Purification of peripheral blood polymorpho-
nuclear neutrophils (PMNSs)

Human peripheral blood was provided by the
905th Hospital of PLA. Human PMNs were iso-
lated using density gradient centrifugation with
3% Dextran and Ficoll-Hypaque. The PMN pel-
let was then resuspended at 1 x 108 cells/ml in
DMEM with 10% FBS, 1% glutamine, and 1%
penicillin/streptomycin [32].

Cell viability

Cell viability was assessed using the CCK-8
assay. Neutrophils (1 x 10* cells/well) or C. albi-
cans were seeded in 96-well plates and incu-
bated overnight to allow cell attachment. Fo-
llowing overnight incubation, cultures were
exposed to propofol at different concentrations
for 3, 6, or 12 hours. CCK-8 reagent (10 uL;
Dojindo, China) was then added to each well,
and plates were incubated for an additional 2
hours at 37°C. Cell viability was determined by
measuring optical density at 450 nm using a
microplate reader (Thermo-Fisher Scientific,
USA).

Enzyme-linked immunosorbent assay (ELISA)

The levels of glutathione (GSH), malondialde-
hyde (MDA), and Fe?* in cell culture superna-
tants, as well as the levels of TNF-«, IL-13, and
IL-6, were measured using ELISA Kits (Elab-
science).

Western blot analysis

Protein samples were separated on 10% SDS-
PAGE gels, transferred to PVDF membranes,
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blocked, and incubated overnight at 4°C with a
primary antibody. A HRP-conjugated secondary
antibody was applied for two hours at room
temperature, followed by ECL reagent for visu-
alization. Protein expressions were analyzed
with ImageJ software (n = 3).

In vitro killing assay

For the in vitro fungal killing assay, PMNs at a
concentration of 5 x 10° cells per well were
incubated with C. albicans at a multiplicity of
infection (MOI) of 3 for 3 hours. Following the
co-culture, the cells underwent washing with
PBS and were subsequently resuspended in a
medium containing 30 yg/mL amphotericin B.
The culture was then maintained for an addi-
tional 3 hours at 37°C. After a subsequent
washing step, the cells were lysed using 0.02%
Triton X-100. The suspension was diluted
1:1000 and spread on YPD AGAR plates. Bac-
tericidal efficacy was determined by counting C.
albicans colonies after 24 h of incubation at
37°C. Treated cells were seeded in 12-well
plates and incubated with C. albicans at a MOI
of 1:50 overnight at 37°C. Subsequently, the
cells were fixed with 4% paraformaldehyde and
stained with crystal violet. The extent of fungal
growth was quantified using ImageJ [33].

Data extraction

Intensive Care Unit (ICU) patients with fungal
infections were identified from the Medical In-
formation Mart for Intensive Care (MIMIC)-IV
2.0 database using ICD-10 code B37. The inclu-
sion criteria for the study were as follows: (1)
adults aged 18-89 years; and (2) the first
recorded microbial event of a fungal infection.
The exclusion criteria included: (1) patients
younger than 18 years; (2) patients with incom-
plete or missing clinical data; and (3) patients
identified with respiratory specimens as the
type of infection. The primary outcome mea-
sure was all-cause mortality. Patient data we-
re systematically collected, encompassing the
following categories: (1) demographic cha-
racteristics, including age and weight; (2) vi-
tal signs, such as heart rate, body temperature,
blood oxygen saturation (SpO0,), respiratory rate
(bpm), and body temperature; (3) laboratory
results, comprising total bilirubin, anion gap,
creatinine, blood urea nitrogen (BUN), white
blood cells, glucose, hemoglobin, bicarbonate,
creatinine, sodium, partial thromboplastin time
(PTT), prothrombin time (PT), and international
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normalized ratio (INR); (4) illness severity sc-
ores, including the Glasgow Coma Scale (GCS),
Simplified Acute Physiology Score Il (SAPS II),
Sequential Organ Failure Assessment (SOFA),
and Charlson Comorbidity Index (CCl); and (5)
comorbidities, such as chronic lung disease,
congestive heart failure, diabetes mellitus, kid-
ney disease, malignant cancer, severe liver dis-
ease, rheumatic disease, peripheral vascular
disease, and cerebrovascular disease. All data
were anonymized.

Ethical review

The MIMIC-IV database received approval from
the Institutional Review Boards of Beth Israel
Deaconess Medical Center and MIT. After com-
pleting the CITlI Data or Specimens Only Re-
search training, we gained access (author Jing
Huang, record ID: 50199917). Patient informa-
tion in the database is anonymous and de-iden-
tified, and all methods adhered to relevant
guidelines and regulations.

Statistical analysis

Data are given as the mean + SD. Figures and
statistical analyses were generated using Gra-
phPad 9.5. Comparison of means to identify
differences between two groups was perfor-
med using Student’s unpaired t-test. P < 0.05
was considered significant.

Results

Propofol inhibited the anti-C. albicans activity
of neutrophils

Neutrophils were isolated from healthy volun-
teers following established protocols. Trypan
blue staining was employed to evaluate cell
viability and purity, respectively. The isolated
neutrophils exhibited > 90% viability and purity
(Figure S1). To assess the direct effect of pro-
pofol, neutrophils were pre-treated with or with-
out propofol before co-culture with C. albicans.
Propofol pretreatment caused a marked eleva-
tion in colony-forming units (CFUs), indicating a
decrease in neutrophil-mediated fungal clear-
ance, compared to the control group (Figure
1A, 1B). Crystal violet staining and fungal load
assays confirmed this inhibitory effect, as cul-
tures pretreated with propofol exhibited a high-
er fungal burden. Furthermore, we compared
the effects of propofol pretreatment on differ-
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ent innate immune cells and found that the
inhibition of antifungal activity was only
observed in neutrophils. Under the same treat-
ment conditions, the antifungal capacities of
macrophages and DCs remained unchanged
(Figures 1C-E, S2). Significantly, propofol, at the
concentrations used (0-30 uM), did not directly
affect neutrophils or C. albicans viability, ex-
cluding effects that are nonspecific fungistatic
or cytotoxic (Figure 1F-G). The findings suggest
that propofol may impair the anti-C. albicans
activity. Consequently, the emphasis of future
research is to elaborate on the molecular
mechanism of the regulation of propofol-medi-
ated neutrophils’ antifungal activity.

Propofol administration exacerbated C. albi-
cans infection severity and reduces survival in
mice

To further verify this phenomenon, we conduct-
ed preliminary in vivo experiments. In two inde-
pendent trials, the mice treated with propofol
showed a more pronounced trend of weight
loss and reduced survival rate relative to the
control group (Figure 2A, 2B). As depicted in
Figure 2C, the experimental pathology analysis
showed that, in contrast to the control group,
kidney sections of mice in the propofol group
displayed a reduced degree of inflammation,
and PAS staining results indicated an increased
fungal load. ELISA assays quantified inflamma-
tory cytokines in mice 24 hours post-infection,
demonstrating significant decreases in TNF-«,
IL-1, and IL-6 levels (Figure 2D). On day 5, after
homogenizing kidney and liver tissues, we mea-
sured cytokine concentrations in tissue super-
natants. The results showed that TNF-«, IL-13,
and IL-6 levels were also significantly lower in
the propofol-treated group (Figure 2E, 2F). In
addition, the inflammation coefficients of the
spleen, liver, and kidney were measured at 24
hours and 5 days. The results showed that pro-
pofol significantly reduced the inflammation in
the liver and kidney, but had no significant
effect on the spleen (Figure 2G, 2H). These in
vivo results collectively indicate that propofol
impacts the host immune response, thereby
impairing immune-mediated fungal clearance.

Propofol inhibited ferroptosis in neutrophils
infected with C. albicans

To elucidate the molecular mechanisms by
which propofol influences neutrophils, we col-
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Figure 1. Propofol inhibited the anti-C. albicans activity of neutrophils. A. Schematic representation of the cell treat-
ments. B. Representative images of colony-forming units (CFUs) assays are shown. Neutrophils were pretreated
with propofol or without propofol then incubated with C. albicans (MOl = 3). Following co-culture, lysates were plated
on YPD agar. Propofol treatment has markedly enhanced the CFUs as compared to control without pretreatment
indicating inhibited Killing of fungus. Data are representative data of three independent experiments. C-E. Neutro-
phils, macrophages, and DCs were pretreated with propofol at final concentrations of 5, 10, and 30 uM, followed
by addition of C. albicans (MOl = 1:20). After overnight incubation, cells were stained with crystal violet; Scale bar
=200 pm. The CCK-8 assay was employed to investigate the effects of propofol at various concentrations (0, 5, 10,
and 30 uM) on the activity of neutrophils (F) and C. albicans (G) across different time points (3, 6, and 12 h) (ns:
not significant; ***P < 0.001).

lected human neutrophils from both a control sis. Compared to the control group, the propo-
group and a propofol-pretreated group follow- fol-treated group exhibited 181 upregulated
ing co-culture with C. albicans. Transcriptome and 148 downregulated genes (Figure 3A-C).
sequencing was conducted, followed by analy- Furthermore, Western blot analysis demon-
ses of differential gene expression and path- strated that propofol treatment significantly
way enrichment. KEGG analysis revealed that downregulated MDA and acyl-CoA synthetase
the upregulated pathways in the propofol group long-chain family member 4 (ACSL4) protein
were predominantly associated with ferropto- expression in neutrophils, while elevating gluta-
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Figure 2. Propofol administration exacerbated C. albicans infection severity and reduces survival in mice. (A) Weight
loss of mice pretreated with intraperitoneal injection of propofol (40 mg/kg) and subsequently infected with C. albi-
cans (4 x 10° CFUs) via tail vein injection, compared to controls. (B) Survival curves of mice following propofol pre-
treatment and C. albicans infection (n = 12/group). (C) Five days after infection, kidney sections were stained with
H&E and PAS for differences in inflammation and fungal burden between groups; Scale bar = 500 ym. TNF-a, IL-1j3,
and IL-6 levels in (D) Twenty-four hour kidney homogenates, (E) Five day kidney homogenates, and (F) Five day liver
homogenates. Inflammation coefficients of the spleen, liver, and kidney were measured at (G) Twenty-four hours
and (H) Five days post-infection, demonstrating the effect of propofol on tissue inflammation (ns: not significant, *P
<0.05, **P<0.01, ***P < 0.001, ****P < 0.0001).

thione peroxidase 4 (GPX4) levels (Figure 3D,
3E). As a key enzyme in lipid metabolism,

ACSL4 promotes lipid peroxidation by catalyz-
ing the esterification of polyunsaturated fatty
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Figure 3. Propofol inhibited ferroptosis in neutrophils infected with C. albicans. Molecular mechanisms of propofol’'s
effects on neutrophils. (A) KEGG pathway analysis results, (B) pathway enrichment analysis and (C) gene expres-
sion analysis outcomes, illustrated differential gene regulation in propofol-treated versus control neutrophils. (D)
Western blot analysis of MDA, ACSL4, GPX4, and GAPDH protein expression in neutrophils treated with propofol.
(E) Quantitative analysis of ACSL4, GPX4, and MDA protein expression normalized to GAPDH. (F) ELISA assays of
GSH, MDA, and Fe?* levels in neutrophils treated with propofol. (G) Representative images of intracellular lipid per-
oxidation fluorescence in neutrophils with propofol treatment. Scale bar = 200 pm. (H) Quantification of changes in
fluorescence intensity. (I) Neutrophils were pretreated with PBS, Erastin, propofol or propofol plus Erastin for 1 hour,
and then co-cultured with C. albicans (MOl = 3) for 3 hours. Fungal load was determined by colony-forming units
(CFUs) or crystal violet staining. The data are expressed as the mean + SD of three independent experiments (*P <
0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001).

acids (PUFAs), whereas GPX4 suppresses fer- ides. Meanwhile, propofol-treated neutrophils
roptosis through the reduction of lipid perox- exhibited attenuated oxidative stress signa-
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tures: significantly increased GSH concentra-
tions accompanied by reduced MDA and Fe2*
levels (Figure 3F). These collective alterations
suggest propofol-induced attenuation of ferrop-
tosis hallmarks. Fluorescence quantification
further confirmed ferroptotic suppression, as
propofol treatment diminished lipid peroxida-
tion signals in neutrophils (Figure 3G, 3H). To
determine whether ferroptosis inhibition direct-
ly impairs antifungal function, we conducted
experiments using Erastin. It is worth noting
that Erastin alone enhanced the bactericidal
ability of neutrophils. Furthermore, co-treat-
ment with Erastin significantly reversed the
antifungal deficiency caused by propofol (Figure
3l), indicating a relationship between propofo-
mediated ferroptosis inhibition and impaired
fungal clearance. Collectively, these findings
indicate that propofol inhibits neutrophil ferrop-
tosis by disrupting the ACSL4/GPX4 regulatory
axis and compromising redox homeostasis.

Propofol inhibited cGAS-STING signaling activa-
tion in neutrophils infected with C. albicans

Transcriptome sequencing has identified a
significant upregulation of ferroptosis-related
pathways. With the crucial role of the cGAS-
STING pathway in antifungal immunity, we next
investigated whether propofol exerts its effe-
ct by modulating this pathway in neutrophils.
Western blot analysis elucidated the cGAS
were significantly decreased in propofol-treat-
ed neutrophils co-cultured with HKCA (Figure
4A, 4B). This suppression was similarly
observed upon o-mannan stimulation (Figure
4C, 4D), confirming consistent pathway inhibi-
tion across different fungal antigen triggers.
These results suggested that propofol inhibits
the activation of cGAS-STING signaling in neu-
trophils infected with C. albicans.

Fungemia patients on propofol in the MIMIC
database experienced extended hospital stays

To explore the effect of propofol on ICU patients
with fungal infections, we performed data re-
trieval and patient matching analysis using the
MIMIC-IV database. Among 50,920 included
patients, 836 had deep fungal infections: 568
received propofol treatment, while 268 did not
(Figure 5). The study extracted clinical charac-
teristics, laboratory results, complications, and
severity scores. Sample type distribution re-
vealed that blood samples accounted for 23%,
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followed by sputum (20%) and swab samples
(13%) (Figure 6A), highlighting the diversity of
specimens used for fungal detection. Regarding
fungal species distribution (Figure 6B), C. albi-
cans was the most prevalent pathogen (17%),
followed by Candida glabrata (11%) and Asp-
ergillus fumigatus (8%), consistent with previ-
ous reports identifying C. albicans as a major
cause of invasive candidiasis in critically ill
patients. All patient data were anonymized, wi-
th the study cohort aged 53-75 years (mean
54.5 years), and the average Charlson Como-
rbidity Index was 6 (range 4-8) (Table 1). Sta-
tistical analysis showed that propofol use sig-
nificantly prolonged hospital stay in fungemia
patients, while no significant differences were
observed in other outcomes (Table 2).

Discussion

Over the past four decades, invasive candidia-
sis has evolved into a leading determinant of
morbidity, mortality, and health-care expendi-
ture in critically ill patients [34, 35]. ICU popula-
tions are characterized by profound immunopa-
resis and impaired barrier defenses, both of
which are further compounded by multiple,
often uncontrolled, predisposing factors [36].
Surgical trauma, indwelling catheters, endotra-
cheal intubation, and central venous access
collectively breach anatomical barriers and pro-
vide fungi with direct portals of entry [37]. Peri-
operative anesthetic management constitutes
an under-recognized but potentially modifiable
component of this risk landscape. Regional or
local anesthetics, together with the intrave-
nous hypnotic propofol, have been shown to
preserve or even enhance peri-operative im-
mune homeostasis [38-40]. Conversely, inhala-
tion anesthetics, thiopental, and opioids may
exert detrimental effects. By restoring immuno-
logical equilibrium, rational anesthetic strate-
gies may attenuate ICU-acquired immunosup-
pression and potentiate innate cellular resp-
onses against C. albicans [34].

Previous studies have demonstrated that pro-
pofol exerts immunomodulatory effects, spe-
cifically impairing macrophage functions such
as chemotaxis, oxidative burst, and phagocyto-
sis [17, 41]. Additionally, propofol modulates
the synthesis of pro-inflammatory cytokines in
macrophages. Specifically, it has been docu-
mented that the biosynthesis of TNF-«, IL-1(,
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Propofol suppresses neutrophil ferroptosis and antifungal activity

A Control Propofol B
4+ 80 g 25+ EEkx
HkCAmin) 0 30 60 0 30 60 5 " - - g - 3 Control
7 g o ® 20 3 Propofol
. 82kD o 3 Hokkk 2 60 H
Q =
pTeki M W - a g g 5 15
24 I 404 z
CGAS - E- — — 62kDa g E 40 E 104
o < o
: = o o
PRE @ 20 i
p-IRF3 — —— 47kDa E H 7 H ﬁ a m 'él' 5+
a W [} o
0 T T T [ Ry T T 0-
RFa D S . = . 02 0y 30 60 MmN Hkea 30 60 min HKCA 0 3 60 min
GAPDH D s G @ = = 36kDa
C Control Propofol D
-M i 2.5+ i 80+ E2s Frokk 30+ A
a-Mannan(min) 0 30 60 O 30 60 : . g =3 Control
— g -
p-TBK1 o - 82kDa § 201 . % 60| § & Propofol
515 g i
cGAS N 62kDa E ) ; 40 ;
o a g
3 1.0 2 g 10
p-IRF3 —— 47kDa T g 204 A S ™
Sl 1N [ .
T 2] [
IRF o s o iy o @ 474D, * ool : : od o
. a-Mannan 0 30 60 min  a-Mannan 0 30 60 min a-Mannan 0 30 60  min
G aup, *=n emm smm ame  36kDa

GAPDH

Figure 4. Propofol inhibited cGAS-STING signaling activation in neutrophils infected with C. albicans. A. Protein expressions of p-TBK1, c-GAS, and p-IRF3 at O, 30,
and 60minutes post HKCA treatment via Western Blot analysis. B. Quantification of p-TBK1, c-GAS, and p-IRF3 protein expression after HKCA treatment. C. Protein
expressions of p-TBK1, c-GAS, and p-IRF3 at 0, 30, and 60 minutes post a-Mannan treatment via Western Blot analysis. D. Quantification of p-TBK1, c-GAS, and
p-IRF3 protein expression after a-Mannan treatment (**P < 0.01, ***P <0.001, ****P < 0.0001).
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Furthermore, ELISA analysis of mu-

MIMIC-IV database
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Fungal test results negative, n=33918

«, IL-1B, and IL-6 in propofol-pre-

Patients with Fungal
Infections, n=14347

Patients with deep
fungal

Infections, n=864

Non-propofol, propofol,
n=268 n=568

Figure 5. Flowchart of patient screening.

and IL-6 is inhibited in lipopolysaccharide (LPS)-
activated macrophages when treated with pro-
pofol at therapeutic concentrations [18]. Fur-
thermore, excessive administration of propofol
in macrophages has been demonstrated to
inhibit phagocytosis and induce apoptosis [42-
44]. However, the influence of propofol on the
antifungal activity of neutrophils against C. albi-
cans remains underexplored.

In this study, we conducted a preliminary inves-
tigation into the potential negative regulatory
effects of propofol on the antifungal immunity
of neutrophils. Initially, we employed crystal vio-
let staining and colony plate counting to com-
pare colony counts between the control group
and the propofol-treated group. The results
demonstrated a significant increase in colony
numbers in the propofol-treated group, inde-
pendent of the direct influence of the drug
itself. Subsequently, we performed in vivo
experiments utilizing a C. albicans infection
model in C57BL/6 mice to further elucidate
these findings. The results demonstrated that
compared to the control group, the propofol-
treated group exhibited more severe renal
inflammation, characterized by neutrophil infil-
tration. Additionally, PAS staining revealed an
increased fungal burden in the propofol group,
with a marked difference compared to the con-
trol group. This suggests that propofol may
have caused excessive inflammatory suppres-
sion that inhibited the ability of the immune
system to kill C. albicans, thereby inhibiting the
immune system'’s ability to kill C. albicans.

1714

Patients without deep fungal
Infections, n=13483

Age<18 years, n=0;
Length of ICU stay<24h,n=28;

I

treated groups. To elucidate the
underlying mechanisms, we con-
ducted RNA sequencing followed
by Western blot validation. Our find-
ings demonstrate that propofol
primarily impairs neutrophil-medi-
ated clearance of C. albicans by
inhibiting ferroptosis pathways.
Analysis of MIMIC-IV clinical data
corroborated these results, show-
ing prolonged hospitalization in
propofol-treated patients, suggest-
ing compromised antifungal immu-
nity during C. albicans infection.
Critically, the causal role of ferrop-
tosis inhibition in the immunosuppressive
effects of propofol was functionally validated
by rescue experiments. We found that Erastin
not only enhanced the fungicidal capacity of
neutrophils by itself, but more importantly, it
significantly reversed the propofol induced anti-
fungal defect, directly proving that inhibition of
ferroptosis is the primary mechanism driving
impaired clearance of C. albicans.

Overall, this study does have some limitations.
While this study mechanistically demonstrated
that propofol impairs the antifungal function of
neutrophils by inhibiting the cGAS-STING path-
way and suppressing ferroptosis, as evidenc-
ed by in vitro experiments, animal models, and
clinical data analysis, further research is re-
quired to establish a causal relationship and to
enhance the specificity of the underlying mech-
anism. Future work will exclude potential inter-
ference from alternative cell death pathways
and definitively confirm whether ferroptosis
represents the primary mechanism of propofol
action. Due to the limited sample size in the
animal study, no formal statistical analysis was
conducted on the changes in mouse weight
and survival; however, the observed trend indi-
cates that a more statistically robust in vivo
study is necessary to confirm these effects.
Moreover, while clinical data associate propofol
exposure with prolonged hospitalization in fun-
gal-infected patients, heterogeneity in ICU
cohorts, including variability in mechanical ven-
tilation duration and concomitant medications,
may introduce confounding factors. Prospective
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Figure 6. Distribution of sample types and fungal species in the MIMIC-IV database. A. Distribution of the proportion of different samples in the test. Blood samples
constituted 23% of total specimens, followed by sputum samples at 20% and swab samples at 13%. B. The distribution of different fungal species. C. albicans was
the most common (17%), followed by Candida glabrata (11%) and Aspergillus fumigatus (8%).
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Table 1. Baseline characteristics

Patient characteristics Non-propofol Propofol P-Value
Age (year) 66.8 (54.5-77.4) 65.0 (53.4-74.8) 0.071
BUN (mg/dL) 29.5 (18.0-54.8) 29.0 (18.0-46.0) 0.623
Charlson comorbidity score 6.0 (4.0-8.0) 6.0 (4.0-8.0) 0.436
Central Nervous System (CNS) infection severity score 1.0 (1.0-3.0) 3.0 (1.0-4.0) <0.01
Creatinine (mg/dL) 1.3 (0.8-2.5) 1.4 (0.9-2.5) 0.151
Glasgow Coma Scale (GCS) Scores 13.0 (9.0-14.0) 9.0 (3.3-14.0) <0.01
Maximum heart rate 111.5 (96.0-129.0) 114.5 (98.0-130.0) 0.203
Height (cm) 168.0 (160.5-176.8) 170.0 (161.0-178.0)  0.260
HbAb (ug/mL) 8.9 (7.9-10.5) 9.0 (7.9-10.5) 0.987
Lactic acid (mmol/L) 2.1(1.6-3.3) 2.6 (1.7-4.8) <0.01
Minimum Values of Mean Arterial Pressure (mmHg) 54.0 (47.0-63.0) 56.0 (48.0-62.0) 0.373
Minimum Values of pCO, (mmHg) 43.0 (39.0-49.0) 48.1 (41.0-58.8) <0.01
Minimum Values of pH 7.36 (7.26-7.41) 7.28 (7.19-7.37) <0.01
Minimum Values of Platelets (10°/L) 193.0 (107.0-302.3) 155.0 (84.0-234.0) <0.01
Minimum Values of pO, (mmHg) 63.0 (41.0-85.8) 60.0 (42.0-88.8) 0.842
Maximum Values of Respiratory Rate (breaths/min) 28.0 (25.0-34.0) 30.0 (26.0-34.0) 0.198
SAPSII score 41.0 (31.0-53.0) 46.0 (37.0-56.8) <0.01
SOFA score 7.0 (4.0-10.0) 10.0 (7.0-13.0) <0.01
Minimum Values of Oxygen Partial Pressure (mmHg) 92.0 (89.0-94.0) 92.0 (88.0-95.0) 0.116
Maximum Value of Body Temperature (°C) 37.3(36.9-38.1) 37.6 (37.1-38.3) 0.004
Urine Volume (mL/24 h) 1223.5 (605.5-2068.8) 1155.0 (585.0-1895.3) 0.304
WBCs (10°/L) 15.2 (9.4-22.4) 16.0 (11.2-22.2) 0.122
Weight (kg) 78.2 (62.9-94.1) 81.6 (67.1-97.4) 0.105

Note: BUN: Blood urea nitrogen; HbAb: Hemoglobin Antibody; SAPSII score: Simplified Acute Physiology Score Il; SOFA score:

Sequential Organ Failure Assessment.

Table 2. Outcomes in patients with or without propofol admin-

istration following fungal infection

for drug recommendations in ICU

patients with fungal infections.

Outcome Non-propofol Propofol P-Value
7-day mortality 44/233 (18.9%) 36/233 (15.5%) 0.326
14-day mortality 75/233 (32.2%) 64/233(27.5%) 0.266
30-day mortality 101/233 (43.3%) 95/233 (40.8%) 0.574
90-day mortality 127/233 (54.5%) 111/233 (47.6%) 0.139
ICU mortality 75/233 (32.2%) 77/233(33.0%) 0.844
Hospital mortality 88/233 (37.8%) 90/233(38.6%) 0.849
Total in-hospital stay  13.0 (7.1-21.2) 14.3 (8.7-21.9) 0.243
Total ICU stay 7.3 (4.4-11.8) 9.3 (4.8-14.0) 0.032
cohort studies or conditional knockout models 1404900),
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Figure S1. Trypan blue (left) and Giemsa (right) staining were used to detect the activity and purity of extracted
primary cells. Scale bar = 100 um (left) and 20 uym (right).
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Figure S2. Assessment of effects of propofol on different innate immune cell types. Fungal load was determined by quantifying colony-forming units (CFUs). Data
are presented as the mean + SD from three independent experiments (**P < 0.01).



