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Acute graft-versus-host disease (aGVHD) poses a significant impediment to achieving a
more favourable therapeutic outcome in allogeneic hematopoietic stem cell transplantation
(allo-HSCT). Our prior investigations disclosed a correlation between p53 down-regulation in
CD4+ T cells and the occurrence of aGVHD. Notably, the insufficiency of the CCCTC-binding
factor (CTCF) emerged as a pivotal factor in repressing p53 expression. However, the ex-
istence of additional mechanisms contributing to the reduction in p53 expression remains
unclear. Interferon (IFN)-γ, a pivotal proinflammatory cytokine, assumes a crucial role in
regulating alloreactive T-cell responses and plays a complex part in aGVHD development.
IFN-γ has the capacity to induce autophagy, a vital catabolic process facilitating protein
degradation, in various cell types. Presently, whether IFN-γ participates in the develop-
ment of aGVHD by instigating the autophagic degradation of p53 in CD4+ T cells remains
an unresolved question. In the present study, we demonstrated that heightened levels of
IFN-γ in the plasma during aGVHD promoted the activation, proliferation, and autophagic
activity of CD4+ T cells. Furthermore, IFN-γ induced the nuclear-to-cytoplasm translocation
and autophagy-dependent degradation of p53 in CD4+ T cells. The translocation and au-
tophagic degradation of p53 were contingent upon HMGB1, which underwent up-regulation
and translocation from the nucleus to the cytoplasm following IFN-γ stimulation. In conclu-
sion, our data unveil a novel mechanism underlying p53 deficiency in CD4+ T cells among
aGVHD patients. This deficiency is induced by IFN-γ and relies on autophagy, establishing
a link between IFN-γ, HMGB1-mediated translocation, and the autophagic degradation of
p53.

Introduction
Acute graft-versus-host disease (aGVHD) is a prevalent immune complication that arises subsequent to
allogeneic hematopoietic stem cell transplantation (allo-HSCT), and is linked to elevated morbidity and
mortality [1]. The pathophysiology of aGVHD manifests in three distinct phases: initiation phase, T-cell
activation, and the effector phase. During the T-cell activation phase, host antigen-presenting cells (APCs)
activate alloreactive donor CD4+ and CD8+ T cells, which assume a pivotal role in the development of
aGVHD [2]. Therefore, elucidating the specific mechanism for T cells overactivation is crucial for under-
standing the pathogenesis of aGVHD and figuring out a feasible way to prevent it.

The pivotal tumour suppressor p53, primarily locating in the nuclear, orchestrates tumour suppression
through apoptosis induction, cell cycle arrest and DNA repair. Recent murine studies have linked p53
deficiency to autoimmune and inflammatory diseases [3–5]. Our prior work revealed that p53 was sig-
nificantly down-regulated in CD4+ T cells from patients with aGVHD compared with the non-aGVHD
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group. CD4+ T cells exhibiting insufficient p53 expression undergo over-activation and proliferation under stimu-
lation by substantial amounts of IL-2, leading to inflammatory damage in diverse organs among aGVHD patients.
Additionally, we identified that the inadequacy of the CCCTC-binding factor (CTCF), a multifunctional transcription
factor, represents a critical factor in repressing p53 expression [6]. Nevertheless, the existence of other mechanisms
contributing to the reduction in p53 expression remains unclear.

Autophagy, an essential catabolic process facilitating the delivery of cytoplasmic material, including organelles
and proteins, to lysosomes for degradation [7,8]. Autophagy supports T-cell activation, proliferation, differentiation,
function, and ultimately, memory T-cell maintenance [9]. Several studies have demonstrated autophagy activated T
cells [10], and an increase in autophagy in CD4+ T cells upon activation [9,11]. Moreover, unlike autophagosomes of
unstimulated cells, those upon CD4+ T cell activation lack organelles and instead induce protein degradation [11].
The above findings suggest a close relationship between autophagy and T cells activation. However, whether the
autophagic activity increased in CD4+ T cells from aGVHD patients, thereby leading to p53 autophagic degradation
remains unknown.

Interferon (IFN)-γ, the sole type II IFN, functions as a pivotal regulator of alloreactive T-cell responses that me-
diate GVHD [12]. Inhibition of JAK1/2, the downstream signaling molecules of IFN-γ, significantly impedes the
polarization and proliferation of activated T cells, down-regulates activation markers, and diminishes proinflamma-
tory cytokine production [13]. Notably, emerging evidence suggests that IFN-γ augments autophagy in various cell
types, including macrophages [14], mouse CD4+ T lymphocytes [15], cervical cancer cells [16], and microglial cells
[17]. These findings prompt an exploration into whether IFN-γ promotes activation and autophagic activity in CD4+
T cells, inducing nuclear export and autophagic degradation of p53, thereby facilitating the cells over-activation and
proliferation under IL-2 stimulation and mediating aGVHD development.

High mobility group box 1 (HMGB1), a highly conserved nuclear protein stabilizing chromatin structure and
modulating gene transcription [18], predominantly resides in the nucleus [19]. During cell activation, HMGB1 can
translocate to the cytoplasm and extracellular space [20]. Our previous findings unveiled a significant increase in
HMGB1 expression in aGVHD CD4+ T cells, with its expression correlating with the severity of aGVHD [21]. Other
studies have demonstrated that IFN-γ up-regulates HMGB1 expression in mouse mesangial cells and mediates its
nuclear-to-cytoplasm translocation in macrophages [22,23]. In addition, HMGB1 binds p53 within the nucleus and
cytosol [24]. Nevertheless, the role of IFN-γ in the expression and subcellular localization of HMGB1 in CD4+ T cells
during aGVHD remains undefined; whether HMGB1 participates in p53 nuclear export and autophagic degradation
remains unclear.

In the present study, we demonstrated that IFN-γ promotes autophagic activity in CD4+ T cells and induces
nuclear-to-cytoplasm shift and autophagic degradation of p53 in the cytoplasm of CD4+ T cells. Moreover, we iden-
tified that IFN-γ not only up-regulates HMGB1 expression but also modulates its nuclear export and cytoplasmic
accumulation. Additionally, HMGB1 was proven to be the crucial regulator for nuclear-to-cytoplasm transport and
autophagic degradation of p53. In summary, our study identifies an autophagy-dependent degradation of p53 in
CD4+ T cells from aGVHD patients induced by IFN-γ.

Materials and methods
Patients
A total of 27 patients who underwent allo-HSCT between 2022 and 2023 at the Central of Hematopoietic Stem Cell
Transplantation of Xiangya Hospital were included in the present study. The research adhered to international ethi-
cal guidelines for biomedical research involving human subjects. Approval for the study protocol was obtained from
the Human Ethics Committee of Xiangya School of Medicine, Central South University. All participants provided
signed informed consent in accordance with the Declaration of Helsinki. Table 1 presents the clinical characteristics
of the patients. The assessment of aGVHD was based on clinical symptoms following established criteria [25]. Pa-
tients were categorized into two groups based on the presence or absence of aGVHD. Peripheral blood samples were
collected from patients diagnosed with aGVHD before initiating therapy (n=13). For the control group (n=14), ac-
cording to the onset time of aGVHD patients, samples were collected from patients who did not develop aGVHD
after allo-HSCT at the same time point. Additionally, normal CD4+ T cells were obtained from health professionals
recruited from Xiangya Hospital.

Isolation, culture, and transfection of CD4+ T cells
CD4+ T cells were isolated from 40 ml venous peripheral blood using human CD4 beads (17952, Stemcell) as per the
manufacturer’s instructions. The cells were cultured in RPMI 1640 (Basalmedia Technologies, China) supplemented
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Table 1 Patient and graft characteristics

Characteristics Non-aGVHD aGVHD

Number of patients 14 13

Median age (range), years 32 (7–50) 35 (17–54)

Gender, n (%)

Male 11 (78.6) 9 (69.2)

Female 3 (21.4) 4 (30.8)

Diagnosis, n (%)

AML/MDS 6 (42.8) 4 (30.8)

ALL 4 (28.6) 9 (69.2)

Others 4 (28.6) 0

Donor-patient sex matched, n (%)

Matched 9 (64.3) 6 (46.2)

Mismatched 5 (35.7) 7 (53.8)

Donor-patient blood type matched, n (%)

Matched 10 (71.4) 8 (61.5)

Mismatched 4 (28.6) 5 (38.5)

No. of HLA mismatched, n (%)

1 2 (14.3) 0

2-3 4 (28.6) 1 (7.7)

4-5 8 (57.1) 8 (61.5)

Donor, n (%)

MSD 0 2 (15.4)

HID 12 (85.7) 9 (69.2)

URD 2 (14.3) 2 (15.4)

Cytogenetic, n (%)

Normal 6 (42.9) 5 (38.5)

Abnormal 5 (35.7) 7 (53.8)

Unknown 3 (21.4) 1 (7.7)

Disease status before HSCT, n (%)

CR1 9 (64.3) 9 (69.2)

PR/NR 1 (7.1) 2 (15.4)

Others 4 (28.6) 2 (15.4)

WBC count at diagnosis, n (%)

≥50,000 per mm3 4 (28.6) 5 (38.5)

<50,000 per mm3 6 (42.8) 6 (46.1)

Unknown 4 (28.6) 2 (15.4)

Pretransplant MRD+, n (%) 1 (7.1) 2 (15.4)

Infused MNCs, ×108 /kg (range) 12.97 (8.5–21.36) 12.84 (8–22.68)

Infused CD34+ cells, ×106 /kg (range) 5.34 (2.55–6.85) 5.68 (1.78–10.8)

Grades I-II acute GVHD, n (%) 10 (76.9)

Grades III-IV acute GVHD, n (%) 3 (23.1)

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; HID, haploidentical donor; HLA, human leukocyte antigen; MDS,
myelodysplastic syndrome; MNC, mononuclear cell; MRD, minimal residual diseases; MSD, matched sibling donor; URD unrelated donors; WBC, white
blood count.

with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin. Gene interference and overexpression plasmids
were transfected into 2 × 106 CD4+ T cells using the Human T cell Nucleofector Kit and Amaxa Nucleofector (Lonza).
Briefly, CD4+ T cells were isolated, resuspended in 100 μl human T cell Nucleofector solution, and mixed with the
plasmids. The resulting mixture was electrotransfected with Nucleofector program V-024 on an Amaxa Nucleofector.
Transfected cells were cultured in RPMI 1640 containing 10% FBS at 37◦C with 5% CO2 and collected 48 h later.

Plasmids
HMGB1 shRNA plasmid has exhibited excellent interference effect in other study [26]. Accordingly, the se-
lected HMGB1 and TP53 shRNA sequences were synthesized and inserted into pGPU6/GFP/Neo plasmid
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Table 2 Primer sequences for real-time qPCR

Forward primer Reverse primer

P53 CCTCAGCATCTTATCCGAGTGG TGGATGGTGGTACAGTCAGAGC

HMGB1 GCGAAGAAACTGGGAGAGATGTG GCATCAGGCTTTCCTTTAGCTCG

GAPDH GTCTCCTCTGACTTCAACAGCG ACCACCCTGTTGCTGTAGCCAA

vectors by GenePharma (Shanghai, China). The wild-type TP53 and mutant TP53 L348,350A were gener-
ated by GenePharma (Shanghai, China) and subcloned into the pEX-6 (pGCMV/MCS/RFP/Neo) overexpres-
sion plasmid vectors (GenePharma, Shanghai, China). The target sequences were as follows: HMGB1-shRNA:
5′-CCGGGATGCAGCTTATACGAAATAACTCGAGTTATTTCGTATAAGCTGCATCTTTTTG-3′; TP53 shRNA:
5′-GACTCCAGTGGTAATCTAC-3′.

Proliferation of CD4+ T cells
CD4+ T cells were cultured in 12-well plates (1 × 106/ml), stimulated with recombinant human IL-2 (100 IU/ml,
200-02, Peprotech) in RPMI 1640. In the IFN-γ stimulation group, IFN-γ (50 ng/ml, 300-02, Peprotech) was added
simultaneously with IL-2. After 24, 48, 72, and 96 h, the stimulated CD4+ T cells were seeded into 96-well plates.
Subsequently, 10 μl of Cell Counting Kit-8 (CCK-8) reagent (NCM Biotech, China) was added to each well and
incubated at 37◦C with 5% CO2 for 2 h in the incubator. Absorbance was measured at 450 nm on a microplate reader.

RNA isolation and real-time PCR
Total RNA was extracted from CD4+ T cells using Trizol Reagent (Invitrogen). The SweScript All-in-One
First-Strand cDNA Synthesis SuperMix for qPCR (G3337-50, Servicebio, China) was employed for reverse tran-
scription into cDNA following the manufacturer’s instructions. Real-time PCR was performed in triplicate on
a QuantStudio 7 Flex (Thermo Fisher Scientific) using the 2× Universal Blue SYBR Green qPCR Master Mix
(G3326-15, Servicebio, China), following the manufacturer’s instructions. Relative mRNA levels were normalised
to glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA using the 2−��CT method. The primer sequences
are listed in Table 2.

Western blotting
CD4+ T cells were lysed with RIPA Lysis Buffer (NCM Biotech, China) mainly containing 50mM Tris (pH 7.6), 150
mM NaCl, 1% NP-40, 0.5% sodiumdeoxycholate and 0.1% SDS, as well as proteinase inhibitor cocktail (NCM Biotech,
China) and phosphatase inhibitor cocktail III (TargetMol, China). Lysates were clarified at 12,000 × g and 4◦C for 15
min, and protein concentration was determined using the BCA protein assay kit (KeyGEN Biotech, China). Proteins
were separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto
PVDF membranes (Millipore). The membranes were then blocked with 5% skim milk in Tris-buffered saline con-
taining Tween-20 (TBST) for 2 h at room temperature, washed twice with TBST, and incubated overnight at 4◦C with
primary antibodies, including rabbit anti-p53 (1:1000, 10442-1-AP, Proteintech), mouse anti-p53 (1:1000, 2524, Cell
Signaling Technology), rabbit anti-HMGB1 (1:6000, ab79823, Abcam), rabbit anti-phospho-STAT1 Ser727 (1:2500,
ab109461, Abcam), mouse anti-Lamin B1(1:5000, 66095-1-Ig, Proteintech), rabbit anti-LC3I/II (1:1000, 14600-1-AP,
Proteintech), mouse anti-LC3I/II (1:1000, 83506S, Cell Signaling Technology), rabbit anti-p62/SQSTM1 (1:5000,
18420-1-AP, Proteintech), and rabbit anti-GAPDH (1:20000, 10494-1-AP, Proteintech) antibodies. The membranes
were washed with TBST and incubated with HRP-conjugated secondary antibodies, including goat anti-mouse
(1:10,000, SA00001-1, Proteintech) and goat anti-rabbit (1:10000, SA00001-2, Proteintech) antibodies for 1 h at room
temperature. Detection was performed with enhanced chemiluminescence (ECL) (NCM Biotech, China).

Co-immunoprecipitation
Cellular proteins were extracted with Western and IP Lysis Buffer (Byotime, China) mainly containing 20 mM Tris
(pH 7.5), 150 mM NaCl, 1% Triton X-100, sodium pyrophosphate, β-glycerophosphate, EDTA, Na3VO4 and leu-
peptin, as well as proteinase inhibitor cocktail (NCM Biotech, China). Subsequently, 2 μg of anti-p53 antibodies
(10442-1-AP, Proteintech) were incubated with Protein A/G Magnetic Beads (MedChemExpress) on a rotor at room
temperature for 30 min. Then, antibody-magnetic beads complexes were added to protein lysates and incubated
overnight at 4◦C with shaking. The following day, the precipitated complexes were washed three times with chilled
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Western and IP Lysis Buffer (Byotime, China). The proteins were eluted using 1× SDS-PAGE Loading Buffer (NCM
Biotech, China) and then analyzed by Western blotting with anti-p53 and anti-HMGB1 antibodies.

Flow cytometric analysis
The expression of CD69 antigen was detected by flow cytometry 24 h after IFN-γ stimulation, while the expression
of CD40L antigens was detected 48 h post-stimulation. CD4+ T-cell suspensions (1 × 105 cells) were incubated with
PE-conjugated anti-human CD69 (310905, Biolegend) and CD40L (310805, Biolegend) antibodies for 15 min at room
temperature, washed with 2 ml phosphate-buffered saline (PBS) containing 1% FBS (PBS/FBS), and centrifuged at
400 × g for 5 min. Supernatants were discarded, and cells were resuspended in 0.5 ml PBS/FBS. In the apoptosis assay,
cells were collected and stained with the Annexin V-FITC/PI apoptosis kit (Byotime, China). Data were acquired with
a FACSCanto II flow cytometer (Becton Dickinson) and analyzed using Flowjo software (Becton Dickinson).

Enzyme-linked immunosorbent assay (ELISA)
IFN-γ in the plasma was analyzed by an ELISA kit (EK180-96, Multisciences Biotech, China). The procedure was
performed as indicated by the manufacturer. Briefly, a polystyrene microplate of 96-well pre-coated with a mono-
clonal antibody specific for IFN-γ was used for each test. After final staining and washing, the optical density was
determined.

Immunocytochemistry
Cells were harvested, washed with PBS, and fixed with 4% paraformaldehyde (Byotime, China) for 15 min at room
temperature. Subsequently, permeabilization was carried out using 0.1% Triton X-100 (Solarbio, China) in PBS for 10
min. Blocking was performed with 3% bovine serum albumin (BSA) in PBS for 1 h, followed by overnight incubation
at 4◦C with primary antibodies. After PBS washing, the cells were incubated with Alexa Fluor 488 (1:200, AWS0005b,
Abiowell) or CoraLite 594 (1:200, SA00013-4, Proteintech)- conjugated secondary antibodies for 2 h. Finally, samples
were sealed with antifade mounting medium with DAPI (Beyotime, China) for fluorescence microscopy. Primary an-
tibodies used included anti-p53 (1:200, 2524, Cell Signaling Technology) and anti-HMGB1 (1:250, ab79823, Abcam).
Leica DM4 B Upright Microscope was used to take pictures.

Nuclear/cytoplasmic fractionation
Nuclear and cytoplasmic proteins were extracted using NE-PERTM Nuclear and Cytoplasmic Extraction Reagents
(78833, Thermo Fisher) following the manufacturer’s instructions. In brief, cells were first lysed in cytoplasmic ex-
traction reagent I (CER I) containing proteinase inhibitor cocktail (NCM Biotech, China). Next, CER II was added to
extract cytoplasmic contents. Nuclei were isolated by centrifugation, and the cytosolic fraction supernatant was col-
lected. The intact nuclei were then lysed in nuclear extraction reagent (NER) containing proteinase inhibitor cocktail
(NCM Biotech, China). Both nuclear and cytoplasmic lysates were then subjected to immunoblotting.

Transmission electron microscopic analysis
Cell samples were collected, fixed with commercially available electron microscope fixed solution (G1102, Servicebio)
at 4◦C, and subsequently embedded and sectioned. Images were acquired using a transmission electron microscope
(Hitachi, Japan).

Bioinformatic analysis
The peripheral-blood gene expression dataset (GSE73809) was obtained from the Gene Expression Omnibus (GEO)
database (https://www.ncbi.nlm.nih.gov/gds/). The dataset comprised 11 aGVHD patients and 13 non-aGVHD pa-
tients, all of whom underwent allo-HSCT. Transcriptome analysis was performed on peripheral blood CD4&CD8
T cells. The ‘limma’ [27] package in R software was utilized for quartile normalization of all gene expression values
and identifying differentially expressed genes (DEGs) between aGVHD and non-GVHD patients. Gene set enrich-
ment analysis (GSEA) [28] was conducted with the ‘clusterProfiler’ package [29] in R software. Pathway signatures
were obtained from MSigDB of the Broad Institute (https://www.gsea-msigdb.org/gsea/index.jsp). The threshold for
significantly enriched functional annotations in GSEA was set at an adjusted P-value < 0.05.
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RNA sequencing
CD4+ T cells from healthy individuals were treated with or without IFN-γ for 48 h. RNA extraction, purification, re-
verse transcription, library construction, and sequencing were performed at Shanghai Majorbio Bio-pharm Biotech-
nology Co., Ltd. (Shanghai, China), following manufacturer’s instructions (Illumina, San Diego, CA). To identify
DEGs between the two groups, the expression level of each transcript was calculated using the transcripts per mil-
lion reads (TPM) method. RSEM [30] was employed to quantify gene abundances. GSEA was performed to identify
significantly enriched signaling pathways.

Statistical analysis
SPSS 26.0 software was used for data analysis. All tests were repeated at least thrice. Continuous variables with a
normal distribution were presented as mean +− standard deviation (SD), while non-normal variables were reported
as median (interquartile range). Independent samples Student’s test compared means of two continuous normally
distributed variables, and one-way analysis of variance (ANOVA) compared means of three or more continuous nor-
mally distributed variables. Tukey’s test and Tamhane’s T2 test for multiple comparisons was used to compare each
column’s mean with all other means in the case of equal and unequal variances, respectively. Mann–Whitney U test
and Kruskal–Wallis test were used, respectively, to compare means of two and three or more groups of variables
not normally distributed. Significance was set at P<0.05. Bioinformatic statistical analyses of the transcriptome were
performed using R software (Version 4.1.1) and R studio (Version 2021.09.0).

Results
Increased IFN-γ in the plasma induces the activation and proliferation of
CD4+ T cells
Early studies have demonstrated a correlation between elevated serum levels of IFN-γ and increased severity of
GVHD following allo-HSCT [31]. To validate these observations, blood samples were collected from patients with
aGVHD (n=13) and those without aGVHD (n=14). After removing an extremely high value from aGVHD patient,
the plasma levels of IFN-γ were markedly elevated in the aGVHD group compared with the non-aGVHD group
(Figure 1A). Additionally, the results of gene set enrichment analysis (GSEA) for transcriptome data from gene ex-
pression dataset (GSE73809) in GEO database revealed a significant activation of the IFN-γ response, allograft re-
jection and inflammatory response pathway in T cells from aGVHD patients compared with the non-aGVHD group
(Figure 1B). To confirm the activation of IFN-γ signaling pathway, Western blotting was performed, and the results
showed an increased phosphorylated STAT1 (p-STAT1) protein, the downstream of IFN-γ signaling pathway [32],
in CD4+ T cells from aGVHD patients by our patient cohort (Supplementary Figure S1). Furthermore, GSEA of
CD4+ T cells from healthy individuals in the IFN-γ treated group (n=3) and negative control group (n=3) by RNA
sequencing demonstrated significant activation of oxidative phosphorylation, interferon gamma response, IFN- α
response, allograft rejection, IL-6 JAK STAT3 signaling, and inflammatory response signaling pathways in IFN-γ
treated cells (Figure 1C). These findings suggest that increased IFN-γ in the plasma plays a crucial role in regulating
T-cell functions and contributes to aGVHD development.

CD69 and CD40L are transmembrane proteins primarily expressed by activated CD4+ T cells [33–35]. To inves-
tigate the impact of IFN-γ on T-cell activation, normal CD4+ T cells were stimulated with IFN-γ in the absence of
anti-CD3/CD28 antibodies for the indicated time. As depicted in Figure 1D, CD69 and CD40L expression signifi-
cantly increased in CD4+ T cells following 24 and 48 h of IFN-γ treatment, respectively. Furthermore, to elucidate
the role of IFN-γ in cell proliferation, normal CD4+ T cells were stimulated with IL-2 in the presence or absence of
IFN-γ. The group treated with IFN-γ plus IL-2 exhibited robust proliferation compared with the group stimulated
with IL-2 alone (Figure 1E). While IFN-γ is widely acknowledged for its key role in mediating chronic inflammatory
and autoimmune diseases, recent evidence suggests a dual role of IFN-γ in inflammation [36]. In certain mouse mod-
els, IFN-γ has been shown to induce CD4+ T-cell apoptosis [37,38], and high doses of IFN-γ exhibit cytotoxic effects
[39]. Therefore, we further investigated the impact of IFN-γ on cell apoptosis. The percentages of Annexin V and
PI double-positive cell population were used for statistical quantification. As shown in Figure 1F, the apoptosis cell
populations gradually increased from 24 to 96 h in both control and IFN-γ treated group, indicating a spontaneously
time-dependent apoptosis in CD4+ T cells. Notably, IFN-γ treatment not only did not accelerate cell apoptosis but
also slightly reduced it at 96 h compared with the time-matched controls. Collectively, these findings suggest that
IFN-γ directly promotes the activation and proliferation of CD4+ T cells instead of inducing apoptosis.
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Figure 1. Impact of increased IFN-γ on CD4+ T cells

(A) Plasma IFN-γ levels in aGVHD patients (n=12) and the non-aGVHD group (n=14) were assessed by ELISA (Mann–Whitney U

test). (B) GSEA of peripheral blood T cells between aGVHD and non-aGVHD patients (GSE73809 dataset). Pathway signatures

source from hallmark gene sets. Count represents the number of ‘core genes’ which are high-expressed in activated pathways

or low-expressed in suppressed pathways, having significant contribution to the pathway status. GeneRatio is the ratio of Count

to the total number of genes in the pathways contained in the dataset. GSEA, gene set enrichment analysis. (C) GSEA of normal

CD4+ T cells treated with IFN-γ (50 ng/ml) for 48 h and negative control group by RNA sequencing. Pathway signatures source

from hallmark gene sets. (D) Flow cytometry analysis of CD69 and CD40L expression in normal CD4+ T cells treated with IFN-γ (50

ng/ml) for 24 and 48 h, respectively (unpaired Student’s t-test). (E) Proliferation assessment of normal CD4+ T cells stimulated with

or without IFN-γ (50 ng/ml) in the presence of IL-2 (100 IU/ml). Mann–Whitney U test was used to identify significant difference in

48 h group. P-values in 72 and 96 h group were determined by unpaired Student’s test. (F) Flow cytometry analysis of apoptosis

in normal CD4+ T cells treated with IFN-γ (50 ng/ml) for varying durations (unpaired Student’s test). Data represent means +− SD

from three independent experiments. n.s., not significant, *P<0.05, **P<0.01, ***P<0.001.

© 2024 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY-NC-ND).

1293



Clinical Science (2024) 138 1287–1304
https://doi.org/10.1042/CS20241144

IFN-γ induces the autophagy-dependent degradation of p53 In CD4+ T
cells
To determine the autophagy status of CD4+ T cells during aGVHD, CD4+ T cells from aGVHD patients and
non-aGVHD group were subjected to transmission electron microscopy (TEM) to observe autophagosome-like
structures. The results showed that CD4+ T cells from aGVHD patients exhibited an increased presence of au-
tophagosomes compared with the non-aGVHD group (Figure 2A,B). Subsequently, cells were processed to obtain
whole extracts. Western blotting results in Supplementary Figure S2 suggested that LC3-II/I ratio increased and
p62/SQSTM1 expression decreased in CD4+ T cells from aGVHD patients relative to the non-aGVHD group. LC3
II/I and p62/SQSTM1 are autophagy biomarkers. In addition, we reanalyzed the transcriptome data from GSE73809
dataset. GSEA based on reactome annotation indicated that selective autophagy signaling pathway significantly en-
riched in aGVHD patients (Supplementary Figure S3). Taken together, these results suggest that the autophagic ac-
tivity increased in CD4+ T cells from aGVHD patients. Furthermore, to investigate the potential of IFN-γ to induce
autophagy in CD4+ T cells, we analyzed the LC3-II/I ratio and p62/SQSTM1 levels through Western blotting and
observed ultrastructural changes using TEM in normal CD4+ T cells following IFN-γ stimulation to assess the au-
tophagic process. It is well-known that IFN-γ induces genes transcription primarily though the JAK/STAT1 (Janus
kinase/signal transducer and activator of transcription 1) signaling pathway [40]. JAK kinases phosphorylate intra-
cellular STAT1 in response to extracellular IFN-γ signaling. Phosphorylated STAT1 (p-STAT1) then dimerize and
translocate to the nuclear, binding to enhancers and promoters to regulate transcription of target genes [41]. There-
fore, we measured the effect of IFN-γ by detecting p-STAT1 expression in the present study. Western blotting results
demonstrated an increased LC3-II/I ratio and a corresponding degradation of p62/SQSTM1 protein in IFN-γ-treated
cells (Figure 2C). Specifically, LC3-II/I ratio gradually increased after IFN-γ stimulation for 24 to 48 h and slightly
reduced at 72 h, having significant difference at 48 and 72 h compared with control group. Meanwhile, p62/SQSTM1
expression gradually reduced following IFN-γ treatment, remarkably changing at both 48 and 72 h. These data pre-
liminarily suggested that autophagic activity in CD4+ T cells significantly increased and reached its saturation at 48
h upon IFN-γ treatment. Consequently, 48 h was mainly used for subsequent research. Ultrastructural analysis re-
vealed an augmentation in the formation of autophagosomes in CD4+ T cells upon IFN-γ treatment for 48 h (Figure
2D). These findings indicate that IFN-γ enhances autophagic activity in CD4+ T cells.

To explore whether IFN-γ influenced the expression of p53, normal CD4+ T cells were treated with IFN-γ for
the designated time. Real-time PCR indicated no significant difference in p53 expression between IFN-γ-treated
and untreated cells (Figure 2E). However, Western blotting illustrated a time-dependent reduction in p53 protein
levels following IFN-γ treatment with a striking decrease starting from 48 h (Figure 2F). Intriguingly, as previously
mentioned, autophagic activity in CD4+ T cells gradually increased and reached its saturation at 48 h after IFN-γ
treatment. From this perspective, p53 degradation occurred later than the onset of autophagy, implying the possibility
of autophagy-dependent degradation of p53 induced by IFN-γ. Considering proteasome system is tightly correlated
with p53 degradation [42], we used proteasome inhibitor MG132 to inhibit proteasomal activity and then analyzed
p53 protein levels under IFN-γ stimulation. Both MG132 (1 μM) and IFN-γ were added at the same time, treating
cells for 24 h. In line with other study [43], our results showed that p53 expression was similar in MG132 treated
CD4+ T cells to control cells, without long-term accumulation. Notably, IFN-γ decreased p53 expression when the
proteasome pathway was inhibited, suggesting IFN-γ-mediated p53 degradation was independent of proteasome
(Figure 2G). Furthermore, to ascertain whether IFN-γ-induced degradation of p53 is autophagy-dependent, normal
CD4+ T cells were treated with IFN-γ for 48 h in the presence or absence of 3-methyladenine (3-MA) and chloroquine
(CQ), inhibitors of autophagy and lysosome function, respectively. CD4+ T cells were pre-incubated with 3-MA (5
mM) or CQ (10 μM) for 2 h before IFN-γ treatment. Western blotting results demonstrated that the degradation
of p53 induced by IFN-γ was efficiently prevented by both 3-MA (Figure 2H) and CQ (Figure 2I). These findings
demonstrate that IFN-γ induces autophagy-dependent degradation of p53 in CD4+ T cells.

IFN-γ accelerates the autophagic degradation of p53 by inducing its
nuclear export
Recent studies indicate that protein degradation by autophagy primarily occurs in the cytoplasm [7], while p53, func-
tioning as a transcription factor, predominantly localizes in the nucleus. Therefore, we investigated whether IFN-γ
induces the nuclear export of p53, leading to its degradation via autophagy in the cytoplasm of CD4+ T cells. Ini-
tially, we assessed the subcellular distribution of p53 in CD4+ T cells from both aGVHD and non-aGVHD patients.
Immunocytochemistry staining results in Figure 3A revealed a significant reduction in nuclear p53 in CD4+ T cells
from aGVHD patients compared with the non-aGVHD group. Western blotting analysis showed decreased nuclear
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Figure 2. IFN-γ-mediated autophagy-dependent p53 degradation

(A) TEM of CD4+ T cells from aGVHD and non-aGVHD patients, showing autophagosome-like structures (indicated by red arrows).

TEM, transmission electron microscopy. (B) The autophagosomes were quantified per TEM field from 10 randomly selected fields

(Mann–Whitney U test). (C) Western blots depicting LC3 and p62/SQSTM1 expression in untreated and IFN-γ-treated normal

CD4+ T cells (one-way ANOVA with Tukey’s test). (D) TEM of normal CD4+ T cells treated with or without IFN-γ (50 ng/ml) for 48 h,

highlighting autophagosome-like structures (indicated by red arrows). (E) Measurement of relative p53 mRNA levels in normal CD4+

T cells treated with 50 ng/ml IFN-γ over different durations (one-way ANOVA with Tukey’s test). (F) Western blots illustrating p53

expression in untreated and IFN-γ-treated normal CD4+ T cells (one-way ANOVA with Tukey’s test). (G) Western blots displaying the

impact of proteasome inhibitor MG132 on IFN-γ-induced p53 degradation. Cells were treated with IFN-γ in the absence or presence

of MG132 (1 μM) added at the same time as IFN-γ for 24 h (one-way ANOVA with Tukey’s test). (H–I) Western blots showing the

impact of autophagy pathway inhibitor on IFN-γ-induced p53 degradation using 3-MA (H) and CQ (I). Cells were treated with IFN-γ

for 48 h in the absence or presence of 3-MA (5 mM) or CQ (10 μM) for 2 h before IFN-γ treatment. One-way ANOVA with Tamhane’s

T2 test (H) or Tukey’s test (I) was used to identify significant differences. Scale bar: 2 μm. 3-MA, 3-methyladenine; CQ, chloroquine.

Data represent mean +− SD from three independent experiments. n.s., not significant; *P<0.05, **P<0.01, ***P<0.001.
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Figure 3. IFN-γ facilitates p53 autophagic degradation by inducing its nuclear export

(A) Immunocytochemistry for p53 and nuclear staining by DAPI in CD4+ T cells from aGVHD and non-aGVHD patients. (B) Western

blots depicting cytoplasmic and nuclear p53 distribution in CD4+ T cells from aGVHD and non-aGVHD patients. The gray values

of cytoplasmic p53 from eight patients were normalized to corresponding GAPDH respectively, so did the nuclear p53, which were

normalized to Lamin B1. Then the relative gray values were used for statistical quantification (unpaired Student’s t-test). (C) Western

blots illustrating cytoplasmic and nuclear p53 distribution in normal CD4+ T cells treated with 50 ng/ml IFN-γ for 48 h in the absence

or presence of 10 μM CQ added 2 h before IFN-γ addition (one-way ANOVA with Tukey’s test). (D) Immunocytochemistry for p53

and nuclear staining by DAPI in normal CD4+ T cells treated similarly to (C). (E) Fluorescence microscope observed the RFP-tagged

p53 protein in CD4+ T cells transfected with wild-type TP53 or mutant TP53 L348,350A plasmids. Cells treated with 50 ng/ml IFN-γ

for 48 h in the absence or presence of 10 μM CQ added 2 h before IFN-γ addition. Scale bar: 20 μm. CQ, chloroquine; RFP, red

fluorescent protein. Data represent means +− SD from three independent experiments. n.s., not significant; *P<0.05, **P<0.01.
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and cytosolic fractions of p53 in CD4+ T cells from aGVHD patients relative to the non-aGVHD group, consis-
tent with immunocytochemistry results (Figure 3B). Additionally, we employed immunocytochemistry staining and
Western blotting to investigate the impact of IFN-γ on the subcellular localization of p53 in normal CD4+ T cells.
The results indicated that p53 predominantly localised in the nuclear region of unstimulated (control) CD4+ T cells,
while it decreased in the nucleus and cytoplasm after IFN-γ stimulation. Notably, treating cells with CQ alone re-
sulted in a nuclear-dominant without reduction in both nuclear and cytoplasm distribution of p53. However, when
cells were stimulated with IFN-γ in the presence of CQ, nuclear p53 significantly decreased compared with control
and CQ alone treatment, while cytoplasmic p53 increased relative to control and the group stimulated with IFN-γ
alone (Figure 3C,D). These results suggest the possibility that IFN-γ induces the nuclear export of p53, facilitating
its autophagy-dependent degradation in the cytoplasm of CD4+ T cells.

Early work identified that p53 possesses three nuclear localization signals (NLSs) [44] together with two nu-
clear export signals (NESs) [45], which regulate its subcellular localization. To further explore the mechanism of
IFN-γ-induced p53 nuclear-to-cytoplasm shift, we mutated the L348,350 of TP53 from L (lysine) to A (alanine) to
acquire a NES-mutated TP53 (TP53 L348,350A mutant). The analogous mutations have been reported to efficiently
prevent p53 nuclear export [45]. Then we constructed two types of pEX-6 (pGCMV/MCS/RFP/Neo) tagged plas-
mids expressing wild-type TP53 or mutant TP53 L348,350A, and transfected them into CD4+ T cells. Next, cells
were exposed to IFN-γ for 48 h in the presence or absence of CQ. Fluorescence microscope was used to observe
the red fluorescent protein (RFP) tagged p53 protein in transfected cells. Intriguingly, NES mutation had no impact
on IFN-γ-induced nuclear-to-cytoplasm translocation and autophagic degradation of p53 (Figure 3E), implying that
IFN-γ-mediated p53 nuclear export was independent on its NES, and other mechanism might involve in this process.

IFN-γ up-regulates HMGB1 expression and induces its
nucleus-to-cytoplasm transport
To assess the impact of IFN-γ on HMGB1 expression, both mRNA and protein levels of HMGB1 were examined
in normal CD4+ T cells following IFN-γ treatment. real-time PCR (Figure 4A) and western blotting (Figure 4B)
results demonstrated a time-dependent up-regulation of HMGB1 expression by IFN-γ. Additionally, to elucidate
the role of IFN-γ in HMGB1 subcellular localization, separate measurements of HMGB1 protein levels in the nu-
cleus and cytosol were performed. The results revealed a decrease in the nuclear and an increase in the cytoplasm of
HMGB1 in CD4+ T cells under IFN-γ stimulation (Figure 4C). Immunocytochemistry analysis results showed that
HMGB1 mainly distributed in the nuclear of unstimulated (control) CD4+ T cells, while it decreased in the nuclear
and increased in the cytoplasm after IFN-γ stimulation. Treating cells with CQ alone did not alter the localization of
HMGB1. However, when stimulating cells with IFN-γ in the presence of CQ, HMGB1 staining exhibited as similar
as IFN-γ alone stimulation (Figure 4D). Concurrently, observations in CD4+ T cells from aGVHD patients indi-
cated reduced nuclear HMGB1 and increased cytoplasmic accumulation, as determined by immunocytochemistry
and Western blotting analysis (Figure 4E,F). These findings collectively suggested that IFN-γ up-regulates HMGB1
expression, prompting its nuclear-to-cytoplasm translocation and cytoplasmic accumulation in CD4+ T cells.

HMGB1 is crucial for the nuclear export and autophagic degradation of
p53 induced by IFN-γ
Previous studies have demonstrated the direct and dynamic interaction between HMGB1 and p53 in the nucleus and
cytosol [24]. To investigate the impact of IFN-γ on the p53-HMGB1 interaction, immunoprecipitation was applied
to analyze the interaction between these two proteins. Considering the autophagic degradation of p53 under IFN-γ
stimulation, we pretreated cells with CQ (10 μM) for 2 h before IFN-γ addition. As shown in Figure 5A, IFN-γ
strengthened the interaction between p53 and HMGB1 in the presence of CQ. To explore whether HMGB1 involved
in the autophagic degradation of p53 induced by IFN-γ, HMGB1 was knocked down in normal CD4+ T cells (Figure
5B). Subsequent assessment of p53 expression upon IFN-γ stimulation demonstrated that HMGB1 deletion almost
entirely prevented autophagic degradation of p53 (Figure 5C). Furthermore, the nucleus-to-cytoplasm transport of
p53 initiated by IFN-γ was significantly inhibited in HMGB1−/− cells (Figure 5D). Conversely, IFN-γ directly in-
duced HMGB1 transportation from the nucleus to cytoplasm in the absence of p53 (Figure 5E,F). These findings
suggest that HMGB1 plays a pivotal role in IFN-γ-induced translocation of p53 from the nucleus to the cytoplasm
and subsequent degradation via the autophagy pathway.

© 2024 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY-NC-ND).

1297



Clinical Science (2024) 138 1287–1304
https://doi.org/10.1042/CS20241144

Figure 4. IFN-γ regulates HMGB1 expression and subcellular distribution

(A) Relative HMGB1 mRNA levels in normal CD4+ T cells treated with 50 ng/ml IFN-γ over different durations (one-way ANOVA with

Tukey’s test). (B) Western blots depicting HMGB1 expression in untreated and IFN-γ-treated normal CD4+ T cells (one-way ANOVA

with Tukey’s test). (C) Western blots showing cytoplasmic and nuclear HMGB1 distribution in normal CD4+ T cells treated with 50

ng/ml IFN-γ over different durations (one-way ANOVA with Tukey’s test). (D) Immunocytochemistry for HMGB1 and nuclear staining

by DAPI in normal CD4+ T cells treated with 50 ng/ml IFN-γ for 48 h in the absence or presence of 10 μM CQ added 2 h before

IFN-γ addition. (E) Immunocytochemistry for HMGB1 and nuclear staining by DAPI in CD4+ T cells from aGVHD and non-aGVHD

patients. (F) Western blots illustrating cytoplasmic and nuclear HMGB1 distribution in CD4+ T cells from aGVHD and non-aGVHD

patients. The gray values of cytoplasmic HMGB1 from 8 patients were normalized to corresponding GAPDH respectively, so did the

nuclear HMGB1, which were normalized to Lamin B1. Then the relative gray values were used for statistical quantification (unpaired

Student’s t-test). Scale bar: 20 μm. CQ, chloroquine. Data represent mean +− SD from three independent experiments. n.s., not

significant; *P<0.05, **P <0.01, ***P<0.001.
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Figure 5. HMGB1 is crucial for IFN-γ-induced nuclear export and autophagic degradation of p53

(A) Co-immunoprecipitation with anti-p53 antibodies in untreated and IFN-γ-treated normal CD4+ T cells; Western blotting was

performed to detect p53 and HMGB1 complex. Cells were treated with or without IFN-γ (50 ng/ml) for 48 h in the presence of

10 μM CQ added 2 h before the IFN-γ addition. The gray values of HMGB1 in each treatment group from immunoprecipitation

samples were normalized to which from input samples respectively. P-values were determined using unpaired Student’s t-test.

(B) Western blots showing HMGB1 protein levels in normal CD4+ T cells transfected with HMGB1 interference (HMGB1 shRNA)

or negative control (Ctrl shRNA) plasmid (unpaired Student’s t-test). (C) Western blots depicting the impact of HMGB1 knockout

on IFN-γ-induced p53 degradation. Normal CD4+ T cells transfected with HMGB1 interference or negative control plasmid were

treated with 50 ng/ml IFN-γ for 48 h, respectively (unpaired Student’s t-test). (D) Immunocytochemistry for p53 and nuclear staining

in untreated or IFN-γ/CQ-treated wild-type or HMGB1−/− normal CD4+ T cells. Cells were treated with IFN-γ (50 ng/ml) for 48 h

in the presence of 10 μM CQ added 2 h before the IFN-γ addition. (E) Western blots illustrating p53 protein levels in normal

CD4+ T cells transfected with p53 interference (p53 shRNA) or negative control (Ctrl shRNA) plasmid (unpaired Student’s t-test).

(F) Immunocytochemistry for HMGB1 and nuclear staining in untreated or IFN-γ-treated p53−/− normal CD4+ T cells. Cells were

treated with 50 ng/ml IFN-γ for 48 h. Scale bar: 20 μm. CQ, chloroquine. Data represent mean +− SD from three independent

experiments. n.s., not significant; *P<0.05, **P<0.01.
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Discussion
Early investigations in GVHD models propose IFN-γ as a pathogenic factor in alloreactive responses. Genetic dele-
tion of IFNGR in T cells averts lethal GVHD while preserving the robust GVT effect [46]. However, owing to the
complexity and context-dependent nature of IFN signaling, it plays a pleiotropic role in GVHD effects. Some studies
posit that IFN-γ might negatively regulate alloreactive T cells, thereby mitigating tissue damage [40,47,48]. Consis-
tent with earlier finding [31], we detected an increase of plasma IFN-γ levels in aGVHD patients compared with
the non-aGVHD group. Moreover, we revealed that IFN-γ response, allograft rejection and inflammatory response
signaling pathways were activated in both peripheral T cells from aGVHD patients and IFN-γ-treated normal CD4+
T cells. Furthermore, our results demonstrated that IFN-γ directly induces the activation of CD4+ T cells indepen-
dent of TCR signaling, promotes cell proliferation without inducing apoptosis. These findings underscore the vital
proinflammatory role of IFN-γ in mediating aGVHD.

Others have suggested, that induced autophagy during the generation of human Th1/Tc1 cells correlates with in
vivo human T-cell activation and increased allogeneic GVHD [49]. Consistently, we observed an increased presence of
autophagosomes in CD4+ T cells from aGVHD patients compared with the non-aGVHD group. Besides, we revealed
that IFN-γ augmented the autophagic activity in normal CD4+ T cells. Building upon prior and current study, we
propose that elevated IFN-γ levels in plasma represent a crucial immune-related factor inducing autophagy in CD4+
T cells, and the enhanced autophagic activity induced by IFN-γ may be the potential mechanism for IFN-γ-mediated
CD4+ T cells activation during aGVHD. The autophagy pathway may emerge as a promising therapeutic target in
aGVHD treatment.

Additionally, we demonstrated that IFN-γ decreased p53 protein levels without altering its mRNA level in CD4+
T cells. Proteasome inhibitor fails to impede IFN-γ-induced p53 protein degradation, whereas autophagic inhibitors
efficiently prevent this process. These data support our speculation that IFN-γ accelerates autophagy-dependent p53
degradation in CD4+ T cells. As mentioned earlier, our previous findings showed that the deficiency of p53 in CD4+
T cells leads to cell over-activation and proliferation under IL-2 stimulation [6]. In this study, we observed that IFN-γ
and IL-2 treatment mediated a stronger proliferation of CD4+ T cells compared with IL-2 stimulation alone. It is
most likely that the activation and p53 deficiency in CD4+ T cells provoked by IFN-γ enhances cell reaction to IL-2.
These findings demonstrate that IFN-γ promotes aGVHD development by facilitating p53 autophagic degradation in
CD4+ T cells, providing additional insights into our prior study and underscoring the significance of p53 in aGVHD
development.

Recent studies suggested that type I and type II IFN promotes HMGB1 hyperacetylation within nuclear localization
signal (NLS) sites and subsequent nuclear export [50]. In the present study, we revealed that HMGB1 primarily locates
in the cytoplasm of CD4+ T cells from aGVHD patients and IFN-γ can induce HMGB1 nuclear-to-cytoplasm shift
in CD4+ T cells, which is consistent with other study. In addition, based on previous finding of increased HMGB1 ex-
pression in CD4+ T cells from aGVHD patients [21], our present result suggested that IFN-γ is an important factor to
up-regulate HMGB1 expression. From this point of view, IFN-γ regulates the expression and subcellular localization
of HMGB1 during aGVHD, while future work is required to confirm whether IFN-γ mediates aGVHD development
through this process. Notably, other have shown that cytoplasmic HMGB1 can induce autophagy through interac-
tions with Beclin 1, an important autophagy-related protein [51], localizing it to autophagosomes [52]. Combined
with prior discussion, IFN-γ-induced HMGB1 cytosolic accumulation may be the mechanism for IFN-γ elevating
autophagic activity in CD4+ T cells, thereby promoting cell activation and aGVHD occurrence.

In parallel, previous findings have indicated that loss of p53 induces autophagy by increasing HMGB1 cytosolic
translocation and enhancing HMGB1-Beclin 1 interactions [24]. In this study, we demonstrated that IFN-γ promoted
p53 autophagic degradation by inducing its translocation to the cytosol, and HMGB1 played an essential role in
p53 nuclear export and subsequent autophagic degradation. Collectively, we propose that under IFN-γ treatment,
the increased autophagy level probably mediated by HMGB1 cytosolic translocation, and HMGB1-dependent p53
nuclear export are indispensable factors for p53 autophagic degradation. The reduction of p53, in turn, may further
promote autophagy process by facilitating HMGB1 cytosolic translocation. From this perspective, our research is a
complement and improvement of prior study, which focuses on aGVHD and puts forward a comparatively integrated
mechanism for p53 autophagic degradation, further unveiling the intrinsic connection between HMGB1, p53 and
autophagy.

Moreover, others western blotting results have revealed that in the absence of HMGB1, p53 translocation to the
cytosol increases, while it still predominantly locates in the nuclear [24]. Consistently, our immunocytochemistry
results show a nuclear-dominant distribution of p53 in HMGB1−/− CD4+ T cells. However, additional quantitative
research is necessary to determine whether there is nuclear-to-cytoplasm shift of p53. Taken the present findings
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Figure 6. Schematic representation of IFN-γ-induced p53/HMGB1 complex nuclear-to-cytoplasm translocation and au-

tophagic degradation of p53

Under aGVHD conditions, elevated plasma IFN-γ up-regulates HMGB1 mRNA and protein expression, enhancing the HMGB1-p53

interaction to form a complex in the nucleus. IFN-γ signaling induces HMGB1 translocation from the nucleus to the cytoplasm,

transporting p53 to the cytoplasm, where it undergoes autophagy-dependent degradation.

together, we hypothesized that, under IFN-γ stimulation, the interaction between HMGB1 and p53 strengthened,
forming a complex within the nucleus. IFN-γ-induced hyperacetylation of HMGB1 NLS sites emerged as a pivotal
signal for its nuclear export. In this scenario, nuclear HMGB1 carried p53 transporting to the cytoplasm, where p53
subsequently underwent degradation through autophagy. The proposed model illustrating this process is depicted in
Figure 6.

In conclusion, the present study provides evidence that IFN-γ promotes aGVHD development by facilitating
HMGB1-mediated nuclear-to-cytoplasm translocation and autophagic degradation of p53 in CD4+ T cells. These
findings advance our comprehension of the autophagy response in aGVHD, highlighting the correlation between
aGVHD development and not only the total expression but also the subcellular localization of p53 and HMGB1. Im-
portantly, this study unveils a novel pathway for p53 degradation, enhancing our understanding of the pivotal roles
played by IFN-γ and p53 in the pathogenesis of aGVHD.
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Clinical perspectives
• aGVHD poses a significant impediment to achieving a more favourable therapeutic outcome in

allo-HSCT. Our prior investigations disclosed a correlation between p53 down-regulation in CD4+
T cells and the occurrence of aGVHD. However, the existence of additional mechanisms contributing
to the reduction in p53 expression remains unclear.Point

• Our results demonstrated that heightened levels of IFN-γ in the plasma during aGVHD promote the
activation, proliferation, and autophagic activity of CD4+ T cells. IFN-γ induced HMGB1-dependent
nuclear-to-cytoplasm translocation and autophagic degradation of p53 in CD4+ T cells. HMGB1
underwent up-regulation and translocation from the nucleus to the cytoplasm following IFN-γ stim-
ulation.

• These findings advance our comprehension of the autophagy response in CD4+ T cells during
aGVHD, unveil a novel pathway for p53 degradation, and enhance our understanding of the pivotal
roles played by IFN-γ and p53 in the pathogenesis of aGVHD.
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