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Background: Although anti-IFN-γ autoantibodies predispose patients to Talaromyces marneffei infection, whether this is mediated by
T cell attenuation remains elusive.
Methods: Total peripheral blood mononuclear cells (PBMCs) from healthy donors or patients with T. marneffei infection were
stimulated with M158−66, and immunodominant influenza H1N1 peptide, or heat-inactivated T. marneffei in the presence of serum from
anti-IFN-γ autoantibody-positive patients or healthy controls. The percentages of IFN-γ+TNF+CD8+ T cells and IFN-γ+CD4+ T cells
were determined by flow cytometry and cytokines released in the supernatant were detected by Cytometric Bead Array. Furthermore,
PBMCs from patients with T. marneffei infection and healthy individuals were stimulated with IFN-γ and anti-CD3/CD28 beads, and
the levels of STAT1 and STAT3 phosphorylation were detected by Western blot.
Results: The M1-reactive CD8+ T cells that expressed IFN-γ+ TNF-α+ of healthy controls were clearly reduced in serum with high-
titer anti-IFN-γ autoantibodies. In addition, the CD4+ T cell response, designated by the expression of IFN-γ, against T. marneffei in
PBMCs of patients were significantly decreased when cultured in high-titer anti-IFN-γ autoantibody serum culture, compared to the
healthy compartments. Moreover, the release of the cytokines IFN-γ, TNF-α and IL-2 was significantly decreased, while IL-10 was
significantly increased. There was no significant difference in the phosphorylation levels of STAT1 and STAT3 protein between
patients and healthy controls after IFN-γ or anti-CD3/CD28 beads stimulation.
Conclusion: Anti-IFN-γ autoantibodies presence in the serum inhibited CD4+ Th1 and CD8+ T cell immune responses. There was no
congenital dysfunction of STAT1 and STAT3 in anti-IFN-γ autoantibody-positive patients with T. marneffei infection. These results
suggest that the production of anti-IFN-γ autoAbs impair T-lymphocyte responses.
Keywords: anti-interferon-γ autoantibody, T lymphocyte, Talaromyces marneffei, signal transducer and activator of transcription 1,
signal transducer and activator of transcription 3

Introduction
Autoantibodies against various cytokines have been reported in various infectious diseases, including those caused by
bacteria, viruses and fungi.1 Due to the consequently diminished cytokine function, patients with anti-cytokine auto-
antibodies may present with similar clinical phenotypes as patients with genetic autoimmune disorders.2 Anti-interferon-γ
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autoantibodies (anti-IFN-γ autoAbs) are associated with a variety of intracellular infections, and their presence is
a symptom of genetic autoimmune disorders related to the interleukin (IL)-12/IFN-γ axis.1–4

Talaromyces marneffei (T. marneffei) is an important pathogenic thermally dimorphic fungus that causes systemic
mycosis in Southeast Asia.5 An increasing number of T. marneffei infections among non-human immunodeficiency virus
(HIV)-infected patients with impaired cell-mediated immunity have been observed.6,7 A link between anti-IFN-γ autoAbs
and severe T. marneffei infection in HIV-negative patients has also been revealed.8–12 The clinical presentation in such
cases is often atypical and might be confounded by the manifestations of other infectious diseases. Moreover, recurrent
infection can lead to lingering illness and life-threatening complications.10–12

The association between genetic factors and anti-IFN-γ autoAb-associated immunodeficiency has been documented.
The HLA class II alleles DRB1*16:02–DQB1*05:02 and HLA-DRB1*15:02–DQB1*05:01 have been strongly asso-
ciated with anti-IFN-γ autoAb titers in patients from Southeast Asia.11,13,14 Lin et al15 have proposed a molecular
mimicry model for anti-IFN-γ autoAb development. Patients display specific human leukocyte antigen (HLA) class II
haplotypes, which suggests that a common T cell-dependent and B cell-dependent mechanism might underlie the
production of specific anti-IFN-γ autoAbs.

In addition, genes activated by STAT1 (signal transducer activator of transcription 1) execute the biological functions
controlled by the IFN/STAT1 signaling pathway.16 Previous studies of anti-IFN-γ autoAbs have typically focused on the
genetics of the IFN/STAT1 signaling pathway.9,11,13,14 Anti-IFN-γ autoAbs inhibit STAT1 phosphorylation and IL-12
production and might result in impaired CD4+ T helper type-1 (Th1) cell immune responses. IFN-γ is produced primarily
by T lymphocytes (CD3+), which are associated with adaptive immunity, and IFN-γ secreted by CD4+ and CD8+ T cells
mediates the elimination of fungal infections.17,18

However, there has been little work demonstrating the effect of anti-IFN-γ autoAbs on CD4+ and CD8+ T cell
immune function. Therefore, it is important to understand how T cell immune function in T. marneffei patients is
impacted by autoAbs expression. The aim of this study was to explore the impact of anti-IFN-γ autoAbs on T cell-
mediated immune responses and the underlying pathogenesis in T. marneffei patients. Our findings will help to identify
new diagnostic markers and therapeutic targets for patients with anti-IFN-γ autoAbs.

Materials and Methods
Participants
Non-HIV-infected patients with T. marneffei infections were recruited from four academic centers [The First Affiliated
Hospital of Guangzhou Medical University (Guangzhou); The Third Affiliated Hospital of Sun Yat-sen University
(Guangzhou); The Affiliated Tumor Hospital of Guangxi Medical University (Nanning); and The Eighth Affiliated
Hospital of Sun Yat-Sen University (Shenzhen)] between March 2019 and August 2020. Patients were recruited based on
the following criteria: 1) no laboratory evidence of HIV infection; 2) clinical and/or imaging manifestations consistent
with T. marneffei infection; 3) microbiological or pathological findings identified from sputum, tracheal aspirate,
bronchoalveolar lavage fluid (BALF), lung biopsy sample, pleural effusion, bone marrow smear, skin hydrolipidic film
exudate or lymph node smear; and 4) no other serious diseases (such as autoimmune diseases, immunodeficiency, or
organ transplantation) that might interfere with the interpretation of the findings of this study. In parallel, 12 healthy
controls with normal routine blood test findings and chest radiography were recruited from the health checkup center at
The First Affiliated Hospital of Guangzhou Medical University.

A 30 mL blood sample from all participants was collected at enrollment. We then recorded the patients’ clinical
characteristics and laboratory findings and measured the levels of anti-IFN-γ autoAbs upon admission. For healthy
controls, we documented age, sex, race or ethnicity only. This study was approved by the ethics committee of the First
Affiliated Hospital of Guangzhou Medical University (No: 2019026), and patients signed informed consent forms.

Serum and Peripheral Blood Mononuclear Cell Isolation
Peripheral blood specimens were collected for isolation of peripheral blood mononuclear cells (PBMCs) and serum.
Serum was separated from 5 mL of peripheral blood by centrifugation at 3000 rpm for 10 minutes. PBMCs were
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prepared from 10 to 20 mL of peripheral blood by using Ficoll-plaque density gradient centrifugation (General Electric
Company, USA).

Determination of Autoantibody Titers Against IFN-γ
The serum anti-IFN-γ autoAb titers were determined by using an enzyme-linked immunosorbent assay kit (USCN Life
Science, Inc., Wuhan, China) according to the manufacturer instructions. According to our previous study,12 based on the
99th percentile of the anti-IFN-γ autoAb titers in 40 healthy controls, the cutoff for anti-IFN-γ autoAb positivity was
594.49 ng/mL, with higher values suggestive of higher levels of anti-IFN-γ autoAbs.

PBMC Stimulation and in vitro Expansion
CD8+ T cells could recognize and respond to relatively conserved viral peptides from the internal components of
influenza virus (NP, M1 and PB1, PB2). M158−66 is the best characterized human influenza CD8+ T cell epitope that binds
to the HLA-A*02:01 molecule.19,20 To determine the effect of anti-IFN-γ autoantibodies in memory T cell activation,
PBMCs of three healthy donors (named A, B and C), who had been proved to possess T cell memory against the M158-66
peptide (personal observations), were treated with peptide in culture medium supplemented with heat-inactivated serum
of 12 healthy donors, or heat-inactivated serum of T. marneffei patients with different levels of anti-IFN-γ autoantibodies.
Cells cultured in the absence of M158-66 were used as negative controls. Briefly, 5×105 PBMCs were treated with the
M158-66 peptide (2μM) in medium containing 10% of serum from healthy donors or anti-IFN-γ autoAb-positive patients,
and were incubated for 10 days. During the culture, half of the medium was changed twice per week with fresh PRMI
1640 (Gibco, USA) containing 1% penicillin/streptomycin (Sigma, USA), and supplemented with the same serum
indicated above and 10 U/mL rIL-2 (RD, USA). The cells were then re-stimulated at day 10 with medium containing
M158-66 peptide and the same serum for overnight and were then proceed with FACS analysis.

To explore the effect of anti-IFN-γ autoantibodies on CD4+ T cells, we randomly selected, regardless of IFN-γ
concentrations, 3 anti-IFN-γ autoAb-positive patients (TM2, TM5 and TM11) and 2 anti-IFN-γ autoAb-negative patients
(TM12 and TM13). A total of 5×105 PBMCs were stimulated with heat-inactivated T. marneffei (MOI=10) in RPMI-
1640 medium containing 1% penicillin/streptomycin, 10 U/mL rIL-2, and 20% of heat-inactivated serum of three
different patients with high IFN-γ autoantibodies (TM1, TM2, TM3) and one healthy donor. After 10-day expansion
and restimulation for overnight, the cells were performed ICS staining for FACS analysis, and the supernatants were
collected for cytokine detection.

Multiparameter Flow Cytometry
Cells harvested from the 10-day stimulation cultures were washed and stained with dead cell discrimination markers
(Live Dead Aqua, Life Technologies, USA) in PBS for 15 minutes at room temperature, followed by incubation with
a panel of mAbs against surface markers, including FITC-CD3 (BD 555339, 1:50, clone HIT3a), APC-Cy7-CD4 (BD
557871, 1:200, clone RPA-T4), and PerCP/Cyanine 5.5-CD8 (Biolegend 344,709, 1:200, clone SK1), for 30 minutes on
ice. Subsequently, cells were fixed with BD Fix/Perm buffer on ice for 20 minutes and stained with a panel of
intracellular markers in BD Perm/Wash buffer for 30 minutes on ice. The mAbs used were APC-IFN-γ (BD 554702,
1:200, clone B27) and PE-Cy7-TNF-a (BD 557647, 1:200, clone MAb11). The stained cells were resuspended in FACS
buffer for flow cytometry (BD FACS Aria III). Flow cytometry data were analyzed using FlowJo (version 10.6.0). For
flow cytometry gating strategy, see Supplementary Figure 1.

Cytokine Measurements
A cytometric bead array (CBA) was used to measure multiple cytokines from supernatant samples (BD 560484). The
analyzed cytokines included IL-2, IL-4, IL-6, IL-10, IL-17, IFN-γ and tumor necrosis factor (TNF)-α. Following flow
cytometry (BD FACS Verse), cytokine concentrations were calculated based on the standard curves using BD CBA
Analysis Software.
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Detection of STAT1/STAT3 Protein Phosphorylation Expression
Three anti-IFN-γ autoAb-positive patients, three anti-IFN-γ autoAb-negative patients and three healthy donors were
randomly included in further analysis. The blank control group contained only the cells and RPMI-1640 medium with
10% fetal bovine serum (FBS) without stimulants. The experimental groups were treated with recombinant IFN-γ (RD
285-IF-100) or anti-CD3/CD28 microbeads (Invitrogen 11161D). PBMCs (5×107) were cultured in RPMI-1640 medium
with 10% fetal bovine serum in the presence of IFN-γ (20 ng/mL) for 15 minutes or anti-CD3/CD28 microbeads (4 beads
per cell) for 12 hours. The harvested cells were directly lysed in RIPA buffer with protease inhibitors and phosphatase
inhibitors. Extracts were clarified by centrifugation at 14,000 rpm for 10 minutes at 4 °C. Western blotting was performed
to evaluate the protein expression of STAT1, ρ-STAT1, STAT3, and ρ-STAT3 (see online supplement).

Statistical Analyses
Categorical data are presented as number (percentage). Continuous variables are presented as means and standard
deviations or medians and interquartile ranges (IQRs). To compare the categorical outcomes, chi-square tests were
used, and Mann–Whitney tests were used to compare the continuous outcomes across the groups. Correlations were
analyzed using Pearson’s correlation coefficient test. Pairwise comparisons were carried out with the Wilcoxon matched
pairs test. P <0.05 indicated statistically significant differences.

Results
Demographics and Patient Characteristics
To assess the effect of anti–IFN-γ autoantibodies on T-lymphocyte responses in patients with T. marneffei infections, 16
patients with T. marneffei infections (including 11 anti-IFN-γ autoAb-positive patients and five anti-IFN-γ autoAb-
negative patients) and 12 healthy controls were included in the analysis. Participant characteristics are detailed in Table 1.
Table 2 shows the anti-IFN-γ autoAb titers of individual participants. The anti-IFN-γ autoAb titers in anti-IFN-γ autoAb-
positive patients (median 1316.22 ng/mL) were significantly higher than those in anti-IFN-γ autoAb-negative patients
(median 332.40 ng/mL, P<0.001) and healthy controls (median 300.5 ng/mL, P<0.001) (Table 1). Most anti-IFN-γ
autoAb-positive patients had extrapulmonary involvement, including bone (n=4, 36.4%), lymph nodes (n=7, 63.6%),
liver (n=2, 9.1%), spleen (n=2, 9.1%), and skin disorders (n=3, 27.3%).

All patients were treated with intravenous amphotericin B (0.6–1.0 mg/kg/day) as standard initial therapy, followed
by oral itraconazole or voriconazole at 400 mg/day for maintenance. Among anti-IFN-γ autoAb-positive patients, 3 of the
11 patients developed worsening multiorgan failure and died because of disease progression, and 6 patients had persistent
talaromycosis due to poor therapeutic response (Table 1).

Anti-IFN-γ Autoantibodies Blunt the Immune Response of CD8+ and CD4+ T Cells
To assess the effect of anti-IFN-γ autoAbs on CD8+ T cell immune response, the PBMCs of 3 healthy donors were
cultured with medium containing serum from 10 anti-IFN-γ autoAb-positive patients and 12 healthy donors for 10 days.
The results show that after stimulation with the M158−66 peptide followed by 10-day culture and re-stimulation, the
activation of influenza-specific T cells, represented by the frequencies of IFN-γ+TNF + CD8+ T cells, was significantly
suppressed in cells cultured with medium containing IFN-γ autoantibodies. To better observe the effects of autoanti-
bodies, we next classified four patients (TM1, TM2, TM3, and TM8) with autoantibody titers higher than 2000 ng/mL
into the high-titer autoantibody group and the remaining anti-IFN-γ autoAb-positive patients into the medium-titer
autoantibody group. The percentage of IFN-γ+TNF + CD8+ T cells in PBMCs of healthy donor A was significantly
decreased when cultured in the serum of anti-IFN-γ autoAb-positive patients than when cultured in healthy donor serum
(Figure 1A, Figure 2A), and the percentage correlated negatively with anti-IFN-γ autoAb titer (r=−0.683, P<0.05,
Figure 2D). Similarly, the percentage of IFN-γ+TNF + CD8+ T cells in PBMCs of healthy donor B was significantly
decreased when cultured in the serum of patients in the high-titer autoantibody group (Figures 1B and 2B) and correlated
negatively with anti-IFN-γ autoAb titers (r=−0.634, P<0.05, Figure 2E). The percentage of IFN-γ+TNF + CD8+ T cells in
the PBMCs of healthy donor C was also significantly decreased when cultured in the serum of patients in the high-titer
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Table 1 Characteristics of the 16 Patients with T. marneffei Infections and 12 Healthy People During the First Visit

Variable Anti-IFN-γ autoAb-Positive Anti-IFN-γ autoAb-Negative Healthy Control P value

(N=11) (N=5) (N=12)

Age, years 53.0 (35.0, 58.0) 54.5 (29.0, 63.8) 37.0 (30.5, 43.8) 0.126

Male sex, no. (%) 6 (54.5%) 3 (60.0%) 8 (66.7%) 1.000
Anti-IFN-γ antibody titers (ng/mL) 1316.2

(921.5, 3125.5)

332.4

(243.5, 491.9)

300.5

(276.5, 340.5)

<0.001

Extrapulmonary organ involvement,
no. (%)
Skin 3 (27.3%) 1 (20.0%) - -

Lymph node 7 (63.6%) 2 (40.0%) - -
Liver 2 (9.1%) 1 (5.0%) - -

Spleen 2 (9.1%) 0 - -

Bone 4 (36.4%) 0 - -
Pleural effusion 6 (54.5%) 0 - -

In-hospital mortality, no. (%) 3 (27.3%) 0 - -

Unsatisfactory therapeutic effect, no. (%) 9 (81.8%) 1 (20.0%) - -
White-cell count (*109 cells/L) 15.1 (8.3, 17.3) 7.2 (4.5, 11.1) - -

Neutrophil (*109/L) 10.8 (6.2, 12.1) 5.1 (3.2, 9.5) - -

ESR (mm/h) 99.0 (76.5101.3) 29.0 (2.50, 67.0) - -
C-reactive protein (mg/dL) 43.2 (13.4,72.5) 5.7 (3.3, 33.5) - -

PCT>0.05 ng/mL, no. (%) 9 (81.8%) 1 (20.0%) - -

T cell count-
CD3+ T cell count (cells/µL) 1340.5 (1047.8, 1558.3) 452.0 (106.81131.00) - -

CD4+ T cell count (cells/µL) 701.0 (321.5, 851.8) 206.5 (24.3, 510.3) - -

CD8+ T cell count (cells/µL) 595.5 (316.8, 1018.8) 191.0 (64.8, 530.3) - -

Notes: P value: comparison of anti-IFN-γ autoAb-positive and anti-IFN-γ autoAb-negative cases.
Abbreviations: ESR, erythrocyte sedimentation rate; PCT, procalcitonin.

Table 2 Anti-IFN-γ autoAb Titer for Each Participant

T. marneffei Infections
Patients

Anti-IFN-γ autoAb Titer
(ng/mL)

Healthy
people

Anti-IFN-γ autoAb Titer
(ng/mL)

TM1 3433.5 HC1 348.0

TM2 3704.0 HC2 346.2
TM3 2308.7 HC3 199.3

TM4 1310.8 HC4 326.1

TM5 1316.2 HC5 284.1
TM6 921.5 HC6 307.0

TM7 1461.5 HC7 293.9

TM8 3125.5 HC8 279.7
TM9 931.1 HC9 345.3

TM10 909.1 HC10 314.0

TM11 851.2 HC11 252.0
TM12 359.8 HC12 275.5

TM13 371.0

TM14 349.3
TM15 412.1

TM16 207.8

Abbreviations: TM, T. marneffei-infected patients; HC, healthy controls.
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Figure 1 The percentage of CD8+ T cells secreting IFN-γ+ TNF-α+ in PBMCs of 3 healthy subjects at Day 10 following in vitro stimulation with M158−66 peptide. (A-C) show
healthy control A, healthy control B and healthy control C, respectively. HC1-HC12 represent the serum from 12 healthy controls; TM1-TM10 represent the serum from 10
anti-IFN-γ autoAb-positive patients; NC represents the negative control.
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autoantibody group (Figures 1C and 2C), but significant correlation was not present (P>0.05, Figure 2F). These results
indicate that anti-IFN-γ autoantibodies suppressed CD8+ T cell immune response, which may lead to weakened clearance
of pathogens.

Since, we confirmed that patients with autoantibody titers higher than 2000 ng/mL showed stronger inhibition of
CD8+ T cells. Therefore, we used serum of these patients (TM1, TM2, TM3) for further experiments to explore the effect
of anti-IFN-γ autoAbs on CD4+ T cell immune response. PBMCs of 5 patients with talaromycosis were cultured for 10
days in media containing serum from 3 anti-IFN-γ autoAb-positive patients and from 1 healthy donor. Serum used in this
set of assays were increased to 20% for optimal effects of the autoantibodies. After stimulation with heat-inactivated
T. marneffei, followed by in vitro expansion, the T. marneffei -reactive CD4+ T cells, depicted by the expression of IFN-γ
were significantly reduced in the culture supplemented with serum of anti-IFN-γ autoAb-positive patients (P1-P3) than
those with the normal serum (HC) (Figure 3A and B), suggesting that the anti-IFN-γ autoAb present in the serum may
play a major role in restricting the T cell response. Additionally, within the same treatment, with either high titer anti-IFN
-γ autoAb serum or HC serum, no difference was observed in the frequencies of IFN-γ+ CD4+ T cells between anti-IFN-γ
autoAb-positive group and negative patient group (Figure 3A-D), indicating that the T cells are not likely attribute to
pathogenesis of talaromycosis with anti-IFN-γ autoAbs. Compared with those in the normal serum group, the levels of
the Th1 cytokines including IL-2, IFN-γ, and TNF-α in the autoAb-positive serum group were significantly decreased,
and the level of IL-10 was markedly elevated (P<0.05) (Figure 4). However, there was no significant difference between
the anti-IFN-γ autoAb-positive serum and normal serum groups in terms of the levels of IL-4, IL-6 and IL-17 (P>0.05)
(Figure 4). These results indicate that anti-IFN-γ autoantibodies significantly suppressed CD4+ Th1 cell immune
response, causing the failure of the host to clear the pathogens.

Expression of ρ-STAT1 and ρ-STAT3 Protein in Patients with T. Marneffei Infection and
Healthy Subjects
Of note, individuals with STAT1 deficiency or defects in IFN-JAK-STAT pathway exhibit increased susceptibility to
mycobacterial and viral infections.21,22 To exclude whether anti-IFN-γ autoAb-positive patients have defects in STAT1
and STAT3, we performed the experiments as follows. PBMCs were cultured in RPMI-1640 medium with 10% fetal
bovine serum and stimulated with anti-CD3/CD28 microbeads for 12 hours. After stimulation, the protein expression
levels of ρ-STAT1 and ρ-STAT3 were significantly elevated in all experimental groups compared with the blank control

Figure 2 The percentage of CD8+ T cells secreting IFN-γ+ and TNF-α+ among PBMCs from the high-titer autoantibody group, medium-titer autoantibody group and normal
serum group. (A-C) show healthy control A, healthy control B and healthy control C, respectively. (D-F) show the correlation between the percentage of CD8+ T cells
secreting IFN-γ+ and TNF-α+ in PBMCs and the anti-IFN-γ autoAb titer in 3 healthy controls.
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group (all P<0.05). After 15 minutes of stimulation with IFN-γ, the protein expression level of ρ-STAT1 was significantly
elevated in all experimental groups (all P<0.05); however, the protein expression level of ρ-STAT3 was not significantly
different in any of the experimental groups (all P>0.05). In addition, after stimulation with IFN-γ or anti-CD3/CD28
magnetic beads, there was no significant difference in the protein expression level of ρ-STAT3 or ρ-STAT1 among the
anti-IFN-γ autoAb-positive group, anti-IFN-γ autoAb-negative group, and healthy control group (Figure 5) (P>0.05).
These results indicate that anti-IFN-γ autoAb-positive patients do not exist STAT1 and STAT3 deficiency, anti-IFN-γ
autoantibody play a key role to impair the ability of T-lymphocyte to clear pathogens.

Discussion
We examined the effects of anti-IFN-γ autoAb level on T lymphocyte responses in Chinese patients with T. marneffei
infections for the first time. In addition, we studied phosphorylation of STAT1 and STAT3 in anti-IFN-γ autoAb-positive
patients with T. marneffei infection and compared it with healthy patients. These findings provide further evidence of the
pathophysiology among patients with anti-IFN-γ autoAb-associated immunodeficiency.

Figure 3 The percentage of CD4+ T cells secreting IFN-γ in PBMCs of 5 patients at Day 10 following in vitro stimulation with heat-killed T. marneffei. (A) presents flow
cytometry plots (TM2, TM5, TM11, TM12, and TM13 represent PBMCs from 5 patients; P1-P3 represent serum from 3 anti-IFN-γ autoAb-positive patients (TM1, TM2,
TM3); HC represents serum from 1 healthy control; NC represents the negative control. (B) shows the significant difference of the percentage of IFN-γ+ CD4+ T cells
between the anti-IFN-γ autoAb-positive serum and normal serum groups. (C) and (D) shows no significant difference of the percentage of IFN-γ+ CD4+ T cells between
anti-IFN-γ autoAb-positive and negative patients with either high titer IFN-γ autoantibody serum or HC serum culture.
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The clinical characteristics reported herein were consistent with our previous findings12 and those published
previously.10,11 Patients with defective T lymphocyte function due to anti-IFN-γ autoAbs tended to have severe
disseminated infection and poor clinical outcomes. We found that anti-IFN-γ autoAb-positive patients suffer from

Figure 4 Cell supernatant cytokine levels in PBMCs of 5 patients at Day 10 following in vitro stimulation with heat-killed T. marneffei. * P < 0.05, *** P < 0.001, and **** P <
0.0001.

Figure 5 Expression of STAT1/STAT3 phosphorylation protein in patients with talaromycosis and healthy controls. (A) Upper bands represent the results of STAT1/STAT3
phosphorylation immunoblotting. Low P1, Low P2 and Low P3 represent 3 anti-IFN-γ autoAb-positive patients; HC 1, HC 2 and HC 3 represent 3 healthy controls; High P1,
High P2 and High P3 represent 3 anti-IFN-γ autoAb-negative patients. (B) and (F) present the comparison of STAT1 and STAT3 phosphorylated protein expression between
the IFN-γ- or CD3/CD28-stimulated group and the negative control group. (C-E), (G-I) present the differences in STAT1 and STAT3 phosphorylated protein expression
after IFN-γ or CD3/CD28 stimulation among anti-IFN-γ autoAb-positive patients, anti-IFN-γ autoAb-negative patients and healthy controls.
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more serious disease due to systemic multiorgan disseminated infection and poor response to antibiotic treatment.
A previous study revealed an association of the low levels of CD4+ T cells with the severity and disease progression
in T. marneffei infection in Southeast Asia.23 However, in our study, the CD4+/CD8+ T cell count in patients was at an
average level or elevated, suggesting that although the number of T cells in patients has not decreased, they may be
impaired in function.

Hence, we assumed that an increase in autoantibodies leads to impaired T cell function, which predisposes patients to
infection. We initially focused on the healthy subjects. Influenza is one of the most common acute respiratory illness,
caused by influenza A, B, and C viruses, that occurs in local outbreaks or seasonal epidemics.24 Antigen-specific memory
CD8+ T cell immune response can be formed in healthy people that had been infected with influenza.25 Influenza-specific
CD8+ T cells play a key role in broadly cross-reactive immunity to influenza viruses because they recognize peptide
fragments of 8–11 amino acids in length that are derived from highly conserved internal viral proteins in the context of
MHC class I molecules.26 Following activation, CD8+ T cells also secrete antiviral cytokines such as IL-2, IFN-γ, and
TNF-α, which further recruit innate and adaptive immune cells to the sites of viral dissemination and induce antiviral
responses in infected cells.19,20 Therefore, influenza T cell memory is an ideal model to study the impact of anti-IFN-γ
autoantibodies on memory T cell response. Does the serum of patients with anti-IFN-γ autoantibodies inhibit influenza-
specific CD8+ T cell response? Here, we cultured PBMCs from healthy controls with high-titer anti-IFN-γ autoAbs for 10
days. After M158−66 peptide stimulation followed by 10-day culture in the presence of serum with different levels of
IFNg autoantibodies, the reactivation of the T cells, represented by the dual expression of IFNg and TNF, in the high-titer
autoantibodies was clearly suppressed. The levels of IFN-γ+TNF+ CD8+ T cells in two healthy controls (A and B)
negatively correlated with the antibody titers, and there was a trending negative correlation between the T cells response
and healthy control C. These findings indicated that the immune function of CD8+ T cells was significantly inhibited by
the anti-IFN-γ autoAbs, which may impose an increased risk of pathogen infection. Browne and colleagues found that
when PBMCs from healthy controls were cultured in 10% plasma from anti-IFN-γ autoAb-positive patients, lipopoly-
saccharide-induced PBMC secretion of TNF-a was inhibited,9 which was consistent with the results of our study. In
addition, previous study have shown that IFN-γ plays a major role in CD8+ T cell immune response after infection, which
mediate pathogen clearance.27 In a study by Hufford and colleagues, short-term acute CD80 and CD86 blockade led to
a significant decline in IFN-γ secretion, which coincided with a reduction in IFN-γ+CD8+ T cells in vivo.28 Therefore,
anti-IFN-γ autoAbs could affect CD8+ T cell counts through different molecules or signaling pathways, although the
specific mechanisms remain to be further explored.

The Th1 cell response mediated by effector CD4+ T cells that secrete IFN- correlates with dominant protective
immunity against fungal microorganisms.29 When fungi invade the initial infection site (epithelial cells) within the
lungs, CD4+ T cells are activated and further differentiate into Th1 or T helper type-2 (Th2) cells.17 CD4 Th1 cells
utilize a highly specific T cell receptor to identify infected cells and initiate pathogen killing via IFN-γ secretion, and
secreted IFN-γ further synergistically activates NK cells and macrophages with a phagocytic killing function to
eliminate fungi.30 Here, we found that the percentage of CD4+ T cells secreting IFN-γ in PBMCs from the serum
containing anti-IFN-γ autoAbs culture was significantly lower than that of normal serum group, and the expression
levels of IFN-γ, TNF-α and IL-2 in the cell supernatant were significantly decreased. Therefore, the decrease in IFN-γ
due to blockade by anti-IFN-γ autoAbs might be associated with the significant inhibition of the Th1 cell response. In
fact, previous studies on IFN-γ/IL12 pathway defects have been reported. Holland et al found that due to defects in
IFN-γ receptors, the PBMCs of these patients produced only 10% of the normal amount of IFN-γ and IL-12 when
stimulated with phytohemagglutinin in vitro.31 Losana et al also found that after anti-CD3 and PMA stimulation,
T lymphocytes from patients with IL-12R1 or IFN-γR1 receptor gene defects produced only 33–50% of the normal
levels of IFN-γ found in the corresponding cells from healthy individuals.32 Doffinger R et al reported that in the
presence of 5% serum containing anti-IFN-γ autoAbs, IFN-γ secretion was reduced in the PBMCs of patients with
nontuberculous mycobacteria after tuberculin and PHA stimulation and that IL-12 secretion induced by lipopolysac-
charide was also impaired.33 These findings also provide support for our results, suggesting that deficiency in the
IFN-γ signaling pathway might lead to an impaired CD4+ Th1 cell response in patients with an increased risk of
T. marneffei infection. Additionally, we observed elevated expression levels of IL-10. IL-10 is secreted by Th2 cells
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and M2 macrophages34 and can antagonize Th1 cell responses by inhibiting Th1 cell differentiation and IFN-γ
production.35 Although we have validated the impact of autoantibodies on the Th1 immune response, the balancing
mechanism by which autoantibodies regulate the Th1/Th2 immune response still needs further study.

IFN-γ is a vital cytokine in the STAT1 signaling pathway, which results in Th1 differentiation.36 STAT3 mediates IL-23
signaling and plays a key role in the production of IFN-γ, IL-12, and IL-17. STAT1 and STAT3 immune signals mediate the
balance of Th1/Th17 cytokines, which is important in protection against pathogen infections.37 Defects in the JAK-STAT
signaling pathway, which regulates IFN-γ-mediated signal transduction and transcription, have been extensively reported to
be associated with the development of infectious diseases.38,39 Here, we detected the phosphorylation of STAT1 and STAT3
and found no significant differences in the expression of ρ-STAT1 and ρ-STAT3 proteins between the high-autoantibody
group, the low-autoantibody group, and the healthy control group in vitro. Previous studies have confirmed that the
expression of ρ-STAT1 was significantly inhibited when PBMCs of infected patients were cultured in vitro with serum
containing anti-IFN-γ autoAbs.9,15,40,41 These results suggest that the production of anti-IFN-γ autoAbs is key to the
pathogenesis of T. marneffei infection, which contrasts with the pathogenesis of defects in the IFN-γ signaling pathway
caused by congenital STAT mutations.42,43

Although we have successfully demonstrated the effect of anti-IFN-γ autoAbs on CD4+ and CD8+ T cell immune
function, several limitations need to be acknowledged. First, further studies with a larger sample size are required to
validate the findings. Moreover, we have considered only the context of T lymphocytes, and the possible immunor-
egulatory effects on other immune cell-like NK cells and on macrophages remain unclear. Finally, the present study
was not able to establish the detailed molecular mechanism of anti-IFN-γ autoAb production and action. Further
study is needed to deepen our understanding of the association between anti-IFN-γ autoAbs and intracellular
pathogens.

Conclusion
Neither STAT1 nor STAT3 expression were altered in anti-IFN-γ autoAb-positive patients. The high titer of anti-IFN-γ
autoAbs within the serum might help explain the inhibitory immune responses of CD8+ T cells and CD4+ cells that
contributed to the impairment of the immune defense function and subsequent T. marneffei infection.
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