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Abstract: Objective: Severe fever with thrombocytopenia syndrome (SFTS) is an emerging infectious disease caused by 

SFTS virus (SFTSV) with a high fatality rate. The objective of our study was to assess the mechanisms of immunofunction 

through detecting the presence of myeloid-derived suppressor cells (MDSC), granulocyte-colony stimulating factor (G-CFS) and 

T cells in SFTS patients. Methods: Serum samples from 30 SFTS cases and 20 healthy donors were collected for the test with 

flow cytometry and sandwich ELISA which contains CD3+, CD4+ T lymphocytes, subsets of MDSC and G-CSF. Results: 

Granulocytic MDSC (G-MDSC) and monocytic MDSC (M-MDSC) were significantly elevated in SFTS compared to normal 

control, and G-CSF was expressed at increased frequency. In contrast, CD3+ and CD4+ T lymphocytes were significantly 

diminished. Further analysis revealed that G-MDSC and G-CSF were higher in severe SFTS infection compared to the patients in 

mild SFTS infection, and the numbers of CD3+ and CD4+ T lymphocytes showed a more robust pattern of depression. 

Conclution: In summary, we have characterized an immunosuppressive mechanism in SFTSV infection dependent on G-CSF 

induction on MDSC and MDSC suppressing T cells. 
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1. Introduction 

Myeloid-derived suppressor cells (MDSC) are a group of 

phenotypically heterogeneous myeloid cells that expands 

during cancer, inflammation and infection, and that plays a 

remarkable role in suppressing T-cell responses [1]. In humans, 

MDSC were defined as cells that co-purified with 

mononuclear cells and granulocyte markers [2]. Though 

morphologically MDSC consist of a mixture of monocytic and 

granulocytic cells, MDSC are subdivided into two major 

groups: granulocytic MDSC (G-MDSC) and monocytic 

MDSC (M-MDSC) through identifying specific markers. 

However，the proportion of G-MDSC and M-MDSC in 

different tumor models is highly variable and depends on 

factors that are not yet well understood [3]. Different subsets 

of MDSC might use different mechanisms to suppress T-cell 

proliferation. Interestingly, both populations suppressed 

antigen-specific T-cell proliferation to an equal extent, 

although by using distinct effector molecules and signal 

pathways [4]. Features common to all MDSC are their 

myeloid origin, immature state, biological activity and a 

remarkable ability to suppress T-cell responses. Many 

underlying mechanisms of MDSC activity and their specific 
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contribution to the pathological processes associated with 

infectious diseases remain to be elucidated [3].  

Recently, it has become clear that the suppressive activity 

of MDSC requires not only factors that promote their 

expansion but also induce their activation. And 

granulocyte-colony stimulating factor (G-CFS) is one of 

these factors that induce MDSC expansion [5]，which is 

produced mainly by activated T cells. Although initial 

analysis and most of the current observations regarding the 

role of MDSC in immune responses have come from studies 

in the cancer field, accumulating evidence has shown that 

MDSC plays an important role in the cellular network 

involved in the regulation of immune responses in infectious 

diseases. SFTS is an emerging infectious disease caused by 

severe fever with thrombocytopenia bunyavirus (SFTSV) 

with proven impaired T cell responses and immune 

exhaustion [6]. However, the precise contribution of 

SFTSV-induced systemic inflammation to metastasis and the 

mechanisms regulating systemic inflammation are poorly 

understood. Our current studies clearly indicate that the 

expansion of an immunosuppressive MDSC population is 

frequently observed in the pathological conditions of SFTS. 

Therefore, it is important to investigate the role of MDSC 

that is involved in inflammation generation, development and 

expansion in SFTS patients. 

2. Methods 

2.1. Patients Enrollment 

A total of 30 adult SFTS patients were prospectively 

enrolled at Department of Infectious Diseases of Union 

Hospital, Tongji Medical College, Huazhong University of 

Science and Technology between May 2014 and September 

2015. Ethics Committee approval was obtained from the 

Research Ethics Committee of Tongji Medical College, 

Huazhong University of Science and Technology. Clinical 

data were collected from patients records. 

2.2. Flow Cytometry 

The peripheral blood samples were drawn into ethylene 

diamine tetraacetic acid (EDTA) anticoagulation tube and 

processed for the analysis by flow cytometry within 2h. To 

determine the frequency and phenotype of MDSC in 

peripheral blood mononuclear cells (PBMC), flow cytometry 

was done using the following antibodies: Fluorescein 

isothiocyanate (FITC)-conjugated anti-CD15, peridinin 

chlorophyll-protein (PerCP)-labeled anti-CD45 and 

allophycocyanin (APC)-labeled anti-CD14 and phycoerythrin 

(PE)-conjugated anti-CD11b. Then to investigate the 

immunity function, we detected the immune cells in the 

circulation. The following antibodies (Becton-Dickinson) 

were used: FITC-conjugated anti-CD3, APC-labeled 

anti-CD4 and PerCP-labeled anti-CD45. Flow cytometry 

followed routine procedures. Flow cytometry data were 

acquired using a FACS Caliber
TM 

low cytometer (Becton 

Dickison Crop. the USA.) and analyzed with FlowJo 

software version 8.8.6 (Tree Star, Ashland, OR).  

2.3. Measurement of G-CSF 

The blood plasma was collected from the peripheral blood. 

The relative amount of G-CSF in blood plasma was 

determined in a sandwich ELISA using the G-CSF ELISA 

Kit (R & D Systems, Abnova, invitrogen) according to 

standard procedures.  

2.4. Statistical Analysis 

Experimental differences over the controls were analyzed 

by two-tailed Student’s t-test. Means ± standard deviations 

( ±s) of at least three experiments are represented. All 

probability values P 0.05 were considered statistically 

significant. All statistical analyses were performed using the 

GraphPad Prism 5 (Graph Pad Prism, La Jolla, CA, USA). 

3. Results 

3.1. Patient Characteristics 

The 30 SFTS patients were admitted from mountainous 

and urban areas of Henan and Hubei province and they 

described a history of field and herbosa exposure within two 

weeks of the illness onset. The mean age was 59 years (range, 

40-76 years), and 16(53.3%) were female. All the patients 

suffered fever during the disease progression and the mean 

days were 9.3 days (range, 6-16 days). The mean length of 

hospital stay was 10.9 days (range, 5-19 days). Five patients 

of them (16.7%) who were 46 to 76 years old had died from 

severe SFTS with lung infection and heart and respiratory 

failure in our research. Of these patients, there were 10 

patients were severe with an average age of 59 years. 

Meanwhile, we separated the SFTS patients into mild group 

and severe group [6-8]. Patient demographics are outlined in 

Table 1.  

Table 1. Basic characteristics of samples involved in this study. 

group number 
sex Age Duration of fever Length of Hospital stay Death 

F M Median Range Median Range Median Range  

Control 20 16 4 32 17-60 - - - - - 

SFTS 30 16 14 59.5 40-76 8 6-16 9.5 5-19  5 

Mild  20 12 8 58.5 44-72  8.5 6-12  9.5 6-13  - 

Severe  10 4 6 61.5 40-76  10.5 7-16  12.5 5-19   5 
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3.2. MDSC Increase in SFTS Patients 

In an attempt to determine the regulatory function of 

MDSC in SFTS patients, we compared the amount of 

peripherally circulating MDSC in 30 SFTS patients 

compared with control healthy volunteers, and determined 

their inhibitory properties. Our results demonstrate that both 

M-MDSC and G-MDSC increase in SFTS patients and are 

significant (p＜ 0.05). However, severe patients had a 

significant increase in G-MDSC expressing compared to the 

mild patients (p＜ 0.05), while there were no obvious 

statistical significance for M-MDSC (p＞0.05) in Figure 1. 

 

A 

 

B 

 

C 
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Figure 1. Comparison of the levels of G-MDSC and M-MDSC, as determined 

by flow cytometry. (A) The levels of G-MDSC in 30 SFTS patients and 20 

healthy donors. (B) The levels of M-MDSC were compared between SFTS 

patients and healthy donors. (C) The levels of G-MDSC were compared 

between 10 severe cases and 20 mild cases. (D) The levels of M-MDSC were 

in severe cases vs mild cases. Data were expressed as Means with SEM.  

3.3. G-CSF Increase in SFTS Patients 

The notion of MDSC has led to a comprehensive 

understanding of immune suppression of SFTS patients. To test 

the hypothesis that MDSC production is causally linked to 

G-CSF generation, the levels of G-CSF in the SFTS patients and 

normal control were detected respectively. G-CSF was 

expressed at increased frequency in SFTS patients, with the 

highest level of expression frequently seen in severe SFTS 

patients, and the differences were significant (p<0.05) in Figure 

2. Not surprisingly, G-CSF levels increased with increasing 

patients’ condition. The studies extend observations that it is 

correlated between G-CSF and MDSC in SFTS patients. 

 

A 

 

B 

Figure 2. Comparison of the levels of G-CSF. (A) The levels of G-CSF in 30 

SFTS patients and 20 healthy donors. (B) The levels of G-CSF were compared 

in 20 mild cases vs 10 severe cases. 
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3.4. Immunofunction in SFTS Patients 

To determine whether differences in MDSC levels affected 

immunofunction, the lymphocyte subsets were analyzed in 

SFTS patients as before [6]. The major differences in CD3+ 

and CD4+ were observed between the control normal and 

SFTS patients. The CD3+ and CD4+ T lymphocytes were 

decreased significantly in SFTS with the p<0.01. Levels in 

patients with mild and severe SFTSV infection were 

compared. In severe group, the percentages of CD3+ and 

CD4+ were significantly lower than that in mild group 

obviously (p<0.05) in Figure 3.  

 

A 

 

B 

Figure 3. Comparison of percentage of CD3+, CD4+ T lymphocyte. (A) The 

percentage of lymphocytes in 30 SFTS patients and 20 healthy donors. (B) The 

percentage of lymphocytes were compared between 10 severe cases and 20 

mild cases. 

4. Discussion 

In recent years we have witnessed high interest for SFTS, 

so the pathogenesy has become evident gradually. In this 

article we focused on the mechanism of immune suppression 

and provided opportunities to better understand the immune 

responses for SFTS patients. Our results show that a 

correlation exists between the presence of G-CFS, MDSC 

and T cells.  

The frequency of MDSC population increased further 

significantly comparing with the normal control in SFTS 

patients. A significantly higher percentage of G-MDSC was 

seen in severe SFTS group, and there was no significant 

difference in M-MDSC population comparing with the mild 

group. Differential expression analysis of the data revealed 

that the expanded population of MDSC in the severe SFTS 

patients resembles persistent infection induced MDSC. 

MDSC were recently identified as a major factor involved 

in immune suppression associated with infectious diseases 

and have the ability to suppress T cell proliferation [4]. The 

previous data also present a possibility to resolve the results 

that CD3+ and CD4+ were proposed to be major targets of 

inflammation-mediated T cell inhibition [6]. Therefore, the 

MDSC suppress the proliferation of T cells and it was 

capable of inhibiting CD3+ and CD4+ T cell proliferation. 

MDSC mainly reside in spleens, bone marrow and 

peripheral blood of healthy individuals and expand upon 

chronic stimulation of the immune system, revealing 

suppressive function mostly toward repeatedly stimulated 

immune effector cells [9, 10]. Current thinking suggests 

that MDSC acquire suppressive function only after 

exposure to factors present in inflammatory 

microenvironments [11]. Accordingly, we presumed that 

MDSC suppressed the proliferation of stimulated rather 

than common T cells. 

In prospective study, the sera G-CSF levels were 

significantly higher in SFTS patents compared to the control. 

High levels of G-CSF were observed in severe SFTS patients, 

whereas nominal amounts were detectable in the mild group. 

G-CSF levels in SFTS patients paralleled the high levels of 

G-MDSCs found in the same group. Waight et al had 

demonstrated that G-CSF levels had a perfect effect on 

G-MDSC subset, and remained largely unaffected for 

M-MDSC [12]. This was in perfect agreement with our 

results. However, it remained to be determined whether the 

effect of G-CSF on patient’s condition acted through a 

MDSC-induced mechanism. Through comparing the levels 

of G-CSF to the levels of MDSC generated in SFTS patients, 

we had gained the insights into the role of G-CSF as a 

potential mediator of G-MDSC development. Our study 

demonstrated that inflammation-derived G-CSF facilitates 

MDSC generation which displays both immunosuppressive 

and proinflammatory activities. 

We investigated the role of G-CSF in the development of 

MDSC, and demonstrated that the presence of MDSC 

correlated significantly with elevated number of G-CSF in 

circulation. The high level of G-CSF expression in SFTS 

patients could well assist MDSC recruitment. A report had 

shown that the combination of G-CSF and IL-6 allowed for a 

rapid generation of MDSC from precursors present in human 

bone marrow [13]. The data indicated that G-CSF is 

produced at high levels in severe patients, and represents a 

potentially critical player for altered myelopoiesis and 

granulocytic MDSC generation. The patients with severe 

neutropenia are prone to bacterial infection for lacking 

G-CSF, because G-CSF plays a critical role during neutrophil 

development and in emergency granulopoiesis. Routinely 

G-CSF is administered to the patients with neutropenia to 

boost the number of neutrophils. Nevertheless, exogenous 

G-CSF can inhibit innate immune responses through the 

recruitment of MDSCs [14]. And another study has shown 
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that administration of G-CSF to mobilize stem cells is a 

companied by an expansion of G-MDSC [15]. It had been 

demonstrated a direct correlation between the level of G-CSF 

and the number of G-MDSC that abrogating G-CSF 

production using RNAi resulted in a reduced accumulation of 

G-MDSC [12]. These studies suggest that high levels of 

G-CSF can hamper the innate immune response by 

promoting the expansion of MDSC in SFTS patients. 

While MDSC have been described to positively regulate 

cell-mediated immune responses by inhibiting T cell 

proliferation and promoting regulatory T cell expansion in 

cancer patients [16], the presence and immune regulatory 

function also plays important roles in SFTS patients. MDSC 

play an important role during benign inflammatory 

conditions in vivo [17, 18], and regulate cell mediated 

immune response in vivo during inflammatory responses [19]. 

G-MDSC in humans that inhibit T cell proliferation via an 

ARG1-mediated mechanism are simply activated 

granulocytes [20]. Therefore, inflammatory factors and/or 

activated T cells are necessary for activation of suppressive 

function in MDSC. In our prospective study, the striking 

findings were the significant depression in peripheral blood 

CD3+ and CD4+ in patients with SFTSV infection. The 

interaction of MDSC with T cells has been studied 

extensively. In order to modulate the function and 

proliferation of T cells, neutrophils or G-MDSC need to 

come in contact with or in close proximity to T cells [19]. A 

study also showed that, in patients with gastric cancer, 

G-MDSC isolated from the tumor site suppressed T cells in a 

contact-dependent manner [21]. It also shows that T cells can 

proliferate at sites of viral infection, which is exactly the 

place where vast amounts of neutrophils are found [22]. Thus, 

MDSC can inhibit cellular immunofunction in SFTS patients, 

this could be a mechanism through which overexpression of 

MDSC can suppress T cell function. The expansion and 

activation of MDSC efficiently suppress the proliferation of 

freshly activated CD3+ and CD4+ effector cells in SFTS 

patients. Therefore, acute SFTSV infection, which induces 

T-cell activation and increased production of G-CSF, also 

leads to the expansion of MDSC. 

5. Conclusion 

Taken together, the results suggest mechanisms to account 

for immunosuppression in SFTSV infections. Thus, 

SFTSV-derived inflammatory G-CSF facilitate to produce 

large amounts of MDSC that in turn suppress the function of 

T cells. This immunosuppression is thought to facilitate the 

dissemination of SFTSV in the infected host. It was 

presumed that SFTSV maximizes its chance of metastasizing 

by evoking a systemic inflammatory cascade in SFTS 

patients. 
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