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Graft-versus-host disease (GVHD) is a fatal complication 
that occurs after allogeneic hematopoietic stem cell trans-
plantation. To understand the dynamics of CD4 and CD8 T 
cell production of IFN-γ and IL-17 during GVHD progression, 
we established a GVHD model by transplanting T cell-de-
pleted bone marrow (TCD-BM) and purified T cells from B6 
mice into irradiated BALB.B, creating an MHC-matched but 
minor histocompatibility (H) antigen-mismatched trans-
plantation (B6 → BALB.B GVHD). Transplantation-induced 
GVHD was confirmed by the presence of the appropriate 
compositional changes in the T cell compartments and innate 
immune cells in the blood and the systemic secretion of in-
flammatory cytokines. Using this B6 → BALB.B GVHD mod-
el, we showed that the production of IFN-γ and IL-17 by CD4 
T cells preceded that by CD8 T cells in the spleen, mesen-
teric lymph node, liver, and lung in the BALB.B GVHD host, 
and Th1 differentiation predated Th17 differentiation in all 
organs during GVHD progression. Such changes in cytokine 
production were based on changes in cytokine gene ex-
pression by the T cells at different time points during GVHD 
development. These results demonstrate that both IFN-γ 
and IL-17 are produced by CD4 and CD8 T cells but with dif-
ferent kinetics during GVHD progression. 
[Immune Network 2014;14(2):89-99]
 

 

INTRODUCTION

Graft-versus-host disease (GVHD) is a fatal complication that 

occurs after allogeneic hematopoietic stem cell transplantation 

(HSCT) (1-3). GVHD is initiated by the activation of donor 

CD4 and CD8 T cells inoculated into the recipient together 

with hematopoietic stem cells. The activated CD4 and CD8 

T cells proliferate and subsequently infiltrate the GVHD target 

organs such as the skin, lung, liver, and intestines, which 

causes tissue damage by inducing organ-specific GVHD path-

ology in the host (4,5). The degree of histocompatibility dis-

parity between the donor and host, the conditioning regi-

mens, and the presence of inflammation affect the extent of 

alloreactive T cell responses and subsequent GVHD manifes-

tations (6).

  Activated CD4 T cells differentiate into different types of 

helper cells (Th1, Th2, or Th17) with distinct functional 

characteristics. Among these types, Th1 and Th17 cells con-

tribute considerably to GVHD pathology (7). Donor CD4 T 

cells differentiate predominantly into Th1 cells and mediate 

GVHD tissue damage in the gut and liver in an MHC-mis-

matched GVHD model (8). However, rather than alleviating 

GVHD, IFN-γ-deficiency in the donor T cells exacerbate 

acute GVHD, augmenting Th2 and Th17 differentiation and 

damage in the lung and skin (8,9). IFN-γ and IL-4 deficien-

cies in donor T cells augment Th17 differentiation and tissue 
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damage in the skin (8). Th17 cells that secrete cytokines such 

as IL-17A, IL-17F, IL-21, IL-22, and IL-26 (10) are implicated 

in the rejection of allogeneic tissues (11,12) and in acute 

GVHD (13). Transplantation of Th17 cells differentiated in vi-

tro mediates skin and pulmonary GVHD (14), and hosts of 

IL-17-deficient CD4 T cells show delayed onset of GVHD with 

decreased numbers of IFN-γ-secreting cells (15). Transplanta-

tion of IL-17-deficient T cells augments Th1 differentiation 

and exacerbates acute GVHD (16), indicating a reciprocal in-

fluence between Th1 and Th17 cells on GVHD induction or 

severity. IFN-γ is a major effector molecule produced by acti-

vated CD8 T cells. IL-17-secreting CD8 T cells (Tc17) may 

represent a subset that is distinct from IFN-γ-secreting Tc1 

cells, and they might have a therapeutic role in treating in-

fectious disease and cancer (17). A recent report suggested 

that Tc17 cells are involved in GVHD induction (18). 

Although these previous studies suggest the involvement of 

IFN-γ- or IL-17-producing CD4 and CD8 T cells in mediating 

acute GVHD, cytokine production during GVHD pathogene-

sis remains unclear.

  To understand the dynamics of CD4 and CD8 T cell pro-

duction of IFN-γ and IL-17 during GVHD development, we 

performed a longitudinal analysis of the T cells using the B6 

→ BALB.B system. Transplantation of unfractionated cells 

from the bone marrow (BM) and spleen from B6 mice into 

lethally irradiated BALB.B mice (B6 → BALB.B) has been 

shown to induce acute GVHD with severe weight loss and 

more than 70% mortality (19). Within 7 to 10 days after trans-

plantation, CD8 T cells specific for several dominant minor 

H antigens are detected in the blood, spleen, liver, and lung 

of the host with significant frequencies, suggesting the infiltra-

tion of minor H antigen-specific CD8 T cells into the target 

organs (19,20). Previously, we reported the production of 

IL-17 by CD11b
＋

 and Gr-1
＋

 innate immune cells after GVHD 

induction using the B6 → BALB.B model (21). To focus spe-

cifically on the cytokine production by mature donor CD4 

and CD8 T cells after transplantation and rule out the possible 

influences of mature donor innate cells in the spleen on T 

cell differentiation during GVHD development, we estab-

lished a B6 → BALB.B GVHD model by transplanting T 

cell-depleted BM (TCD-BM) cells and T cells purified from 

B6 mouse splenocytes into irradiated BALB.B mice, and as-

sessed the dynamics of CD4 and CD8 T cell expansion and 

production of IFN-γ and IL-17. The results revealed different 

kinetics in cytokine production by donor CD4 and CD8 T 

cells in the allogeneic GVHD hosts at several time points dur-

ing disease progression.

MATERIALS AND METHODS

Mice
Male HSCT host mice [C.B10-H2b/LiMcdJ (BALB.B)], and fe-

male HSCT donors of bone marrow and spleen cells [C57BL/6 

(B6)] were obtained from the Jackson Laboratory (Bar Harbor, 

ME, USA). The mice were housed under specific patho-

gen-free conditions at the Biomedical Center for Animal 

Resource Development of Seoul National University College 

of Medicine in Korea. All experiments were performed under 

the approval from The Seoul National University Institutional 

Animal Care and Use Committee (IACUC). 

GVHD induction
BM cells were prepared by flushing the femurs and tibiae 

from female B6 mice with 1× PBS. Splenocytes from female 

B6 mice were prepared by grinding the spleens through a 

steel mesh. Host male BALB.B mice were irradiated with 900 

cGy 137Cs with split dosages at 5-h intervals. At 5 h after the 

second irradiation, the preconditioned host mice were in-

jected in their lateral tail veins with a 300μl volume mixture 

of B6 MACS-depleted TCD-BM (5×106) and MACS-enriched 

T cells (3×10
6
 or 6×10

6
) from the spleens of B6 mice accord-

ing to the manufacturer’s protocol (Miltenyi Biotec, Auburn, 

CA, USA).

Preparation of tissue-infiltrating leukocytes
To deplete circulating PBLs, BALB.B GVHD hosts were per-

fused with PBS/heparin (75 U/ml; Sigma-Aldrich, St. Louis, 

MO, USA) before sacrifice. Leukocytes in the lymphoid or-

gans were obtained by grinding the spleens and mesenteric 

lymph nodes (mLNs) through steel and cotton mesh, respect-

ively. Leukocytes infiltrating the liver and lung target organs 

were prepared as described previously (19). In brief, the liv-

ers were pressed through stainless steel mesh and suspended 

in 5% FBS-DMEM (HyClone, Logan, Utah, USA). The cell sus-

pensions were mixed with 33% Percoll (GE Healthcare, 

Piscataway, NJ, USA) containing 100 U/mL heparin and then 

centrifuged at 2000 rpm for 15 min at room temperature. The 

cell suspensions were applied to Percoll gradients, subjected 

to RBC lysis, and then resuspended in 5% FBS-DMEM. Lungs 

were cut into small pieces and treated with collagenase at 

37oC for 45 min after washing with HBSS/10 mM HEPES 

(Gibco Life Technologies, Carlsbad, CA, USA). After washing 
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twice with 5% FBS-DMEM, the cells were applied to Percoll 

gradients. Cells were resuspended in 5% FBS-DMEM after 

washing with 1× PBS.

Cell staining and flow cytometry
The fresh PBLs, splenocytes, or lymphocytes that infiltrated 

the liver and lung target organs in GVHD hosts were in-

cubated at 4
o
C for 30 min in FACS buffer (1× PBS with 0.1% 

bovine calf serum and 0.05% sodium azide) containing FITC- 

and APC-conjugated anti-CD4 and anti-CD8 (eBioscience, San 

Diego, CA, USA) monoclonal antibodies, respectively. Other 

monoclonal antibodies used were PE- or APC-conjugated an-

ti-CD11b (M1/70, eBioscience), FITC-conjugated anti-Gr-1 

(RB6-8C5, eBioscience), and PE-conjugated anti-CD4 (GK1.5, 

eBioscience). For intracellular cytokine analysis, reactivated 

cultures were stimulated with 20 ng/ml PMA and 1μM ion-

omycin (Sigma-Aldrich) plus Brefeldin A (Biolegend, San 

Diego, CA, USA) for 6 h. Cells were stained with anti-CD4 

or anti-CD8 antibodies, washed with 1× PBS, and then fixed 

with 4% paraformaldehyde at room temperature for 20 min. 

After washing with 1× PBS, the cells were permeabilized 

with saponin and stained with APC-conjugated anti-IFN-γ 

(XMG1.2, eBioscience) or PE-conjugated IL-17 (IL-17A; TC11- 

18H10, BD Bioscience, San Diego, CA, USA) antibodies at 

room temperature for 1 h. The stained cells were analyzed 

using FACS LSRII (BD Bioscience) and FlowJo software 

(TreeStar, Ashland, OR, USA).

Serum ELISA
Serum samples were collected from intraocular blood and 

stored at −70
o
C after centrifugation (2,500×g for 10 min at 

4
o
C) until analysis. The serum concentrations of IL-6, IL-17, 

and IFN-γ were measured using a commercial ELISA kit 

(Biolegend); 100μl serum sample and assay diluent were 

placed in each well of a 96-well plate coated with a mono-

clonal mouse IgG against IL-6, IL-17, and IFN-γ. The mix-

tures were incubated for 2 h at 4
o
C, followed by aspiration 

and three washes with washing buffer. Subsequently, 200μl 

conjugate solution was placed into each well and incubated 

for 2 h at room temperature. After washing each well four 

times with washing buffer, 200μl substrate solution prepared 

with equal amounts of stabilized hydrogen peroxide and tet-

ramethylbenzidine was added for a 20 min reaction in the 

dark. The reaction was quenched by adding 50μl stop sol-

ution (2N H2SO4). Within 30 min, the optical density was 

measured at a wavelength of 450 nm using the Power Wave 

Xs (BioTek, Winooski, VT, USA). Serum concentrations of 

IL-6, IL-17 and IFN-γ were determined based on a standard 

concentration curve. The correlation coefficient (r) of the 

standard concentration curve was over 0.990.

Purification of CD4 and CD8 T cells
Single-cell suspensions were prepared from the spleens of the 

GVHD hosts sacrificed on day 7 or 21. Cells were washed 

twice and filtered through a fine cotton mesh. Then the sam-

ples were enriched for either CD4 T cells with anti-CD4 biotin 

and anti-biotin magnetic beads or CD8 T cells with anti-CD8 

biotin and anti-biotin magnetic beads using the MidiMACSⓇ 

system (Miltenyi Biotec).

Quantitative RT-PCR
Total RNA was isolated from CD4 and CD8 T cells enriched 

from the splenocytes of the GVHD hosts by MACS using the 

Trizol reagent (Ambion, Carlsbad, CA, USA) according to the 

manufacturer’s protocol, and 1μg total RNA was reverse 

transcribed using an Omniscript kit (Qiagen, Valencia, CA, 

USA). Real-time PCR was performed to determine the 

changes in mRNA expression of the IFN-γ and IL-17A 

cytokines. The following primer sets were used and validated 

by PrimerBank (http://pga.mgh.harvard.edu/primerbank/): 

β-actin (PrimerBank ID: 6671509a1), IFN-γ (PrimerBank ID: 

145966741c1), and IL-17A (PrimerBank ID: 6754324a1). The 

PCR reaction mixtures consisted of 1× SYBR Green PCR pre-

mix (Bioneer, Daejeon, Republic of Korea), 10 pM specific 

primers, and 2μl cDNA in the Bioneer Exicycler Real-Time 

PCR system (Bioneer). The thermal cycling conditions were 

50
o
C for 2 min and an initial denaturation step at 95

o
C for 

10 min followed by 45 cycles at 95
o
C for 30 s, 56

o
C for 30 

s and 72oC for 30 s. The mean cycle threshold (CT) values 

from triplicate (n=3) measurements were used to calculate 

gene expression, with normalization to β-actin as the internal 

control. The relative quantification in gene expression was 

determined using the 2
−ΔΔCt

 method.

Statistical analysis
All data are presented as mean±SD. The unpaired Student’s 
t-test was used for comparisons between groups, with a p-val-

ue less than 0.05 considered significant. Animal experiments 

had 3∼5 mice/group repeated two or more times per experi-

ment, and dot plots of flow cytometry are shown as repre-

sentative data. All figures and statistical analysis were pre-

pared using GraphPad Prism (GraphPad Software Inc., La 
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Figure 1. Establishment of minor H antigen-disparate graft-versus-host-disease (GVHD) model using T-cell depleted (TCD) bone marrow (BM) 
and purified T cells. (A) BALB.B (●) or B6 (○) mice were lethally irradiated and infused with 5×106 TCD BM with 6×106 or 3×106

MACS-enriched splenic T cells from B6 mice; n=10 mice/group. Survival rate is shown. (B) BALB.B (■) or B6 (□) mice were lethally irradiated 
and infused with 5×106 TCD BM with 3×106 MACS-enriched splenic T cells from B6 mice; n=10 mice/group. Sera were collected by 
centrifugation of the blood from host mice. Host serum cytokine levels of IFN-γ, IL-6, and IL-17 were measured by ELISA on days 4, 7, 14, 
and 21 post-transplantation. (C) T cells and myeloid cell fractions in the peripheral blood from allogeneic and syngeneic hosts on days 7 and 
21. PBLs were pooled and stained with anti-CD4, CD8, Gr-1, and CD11b antibodies and analyzed by flow cytometry. Data representing more 
than three independent experiments are shown; n=10 mice/group. (D) PBLs from allogeneic and syngeneic hosts on days 7 and 21 were labeled
with anti-CD4 and anti-CD8 antibodies, and the CD4/CD8 ratios were compared. Four mice were analyzed in each group. ***p＜0.001, **p＜
0.01. Error bars represent the mean±SD.

Jolla, CA, USA).

RESULTS

Establishment of a minor H antigen-disparate GVHD 
model using T-cell-depleted BM and purified T cells
To characterize the kinetics of alloreactive CD4 and CD8 T 

cells during GVHD progression, we first determined the num-

ber of T cells required to induce mild acute GVHD. We as-

sessed the impact of different T cell numbers on GVHD sur-

vival and symptom severity in the B6 → BALB.B GVHD 

model. High (6×106) and low (3×106) numbers of T cells 

purified from B6 mice were injected together with B6 

TCD-BM cells (5×10
6
) into lethally irradiated (900 cGy) allo-

geneic BALB.B mice, and the survival and development of 

symptoms were assessed periodically. The BALB.B mice 

transplanted with high numbers of T cells showed short me-

dian survival (20 days) with steep weight loss and more se-

vere GVHD symptoms than those transplanted with low num-

bers of T cells, which showed 66.5 days of median survival 

(Fig. 1A). Therefore, we selected the low T cell number to 

induce GVHD because dissecting the dynamics of cytokine 

production of donor CD4 and CD8 T cells during GVHD pro-

gression required a survival time of longer than 30 days. High 

and low numbers of transplanted T cells failed to induce 

GVHD in syngeneic control transplantation (B6 → B6).

  Several cytokines such as TNF-α, IFN-γ, IL-6, and IL-17 

are associated with the progression of GVHD (22). To assess 
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the dynamics of the systemic release of these cytokines in 

BALB.B GVHD hosts transplanted with 3×10
6
 B6 T cells, we 

measured the serum levels of IFN-γ, IL-6, and IL-17 using 

ELISA at different time points after the transplantation during 

GVHD progression. The levels of IFN-γ, IL-6, and IL-17 in 

the allogeneic GVHD hosts peaked on day 7 post-trans-

plantation (Fig. 1B). Then, the amounts of IFN-γ and IL-6 

in allogeneic hosts became comparable with those of the syn-

geneic hosts, whereas IL-17 levels remained higher in the al-

logeneic hosts, even though they decreased over time after 

day 7 post-transplantation.

  Next, we investigated the compositional changes in the 

PBLs of the GVHD hosts during disease progression, because 

the proportions of CD11b
＋

Gr-1
＋

 innate immune cells are 

known to increase with GVHD progression (19). Blood was 

collected on days 7 and 21 post-transplantation from the 

BALB.B allogeneic or B6 syngeneic hosts of B6 BM and T 

cell (3×106) transplantation. The profiles were analyzed by 

flow cytometry for the proportions of CD4 and CD8 T cells 

and the Gr1
＋

CD11b
＋

 myeloid cells (Fig. 1C). Compared to 

the syngeneic B6 hosts, allogeneic BALB.B hosts showed sig-

nificantly higher proportions of CD4 T cells in the blood on 

day 7 post-transplantation, which decreased on day 21 

post-transplantation. In addition, the relative CD4/CD8 ratios 

decreased in the allogeneic hosts (Fig. 1D). However, in-

creased proportions of Gr-1
＋

CD11b
＋

 myeloid cell pop-

ulations (both Gr-1hiCD11b＋ and Gr-1loCD11b＋) in the blood 

of allogeneic BALB.B hosts were observed on day 21 post- 

transplantation compared to those of syngeneic hosts (Fig. 

1B). These results demonstrate that donor T cells, especially 

CD4 T cells, proliferated more vigorously than CD8 T cells 

in the allogeneic hosts early after transplantation. However, 

as GVHD progressed, the CD4/CD8 ratio reversed (Fig. 1D) 

due to increased CD8 T cell numbers, and the proportions 

of Gr-1
hi
CD11b

＋
 and Gr-1

lo
CD11b

＋
 myeloid cells increased. 

These changes were consistent with those observed with 

GVHD progression in BALB.B mice induced with whole BM 

and total splenocyte injections (19,21).

  The injection of 3×106 T cells and 5×106 TCD-BM cells 

isolated from B6 mice into the irradiated BALB.B hosts in-

duced mild acute GVHD with an appropriate mean survival 

time. Furthermore, evidence of GVHD disease progression in-

cluded systemic inflammatory cytokine secretion and ex-

pansion of CD4 and CD8 T cells and myeloid cells.

Local dynamics of cellular composition during mild 
acute GVHD
Secondary lymphoid organs such as the mLN, spleen, and 

Peyer’s patches are thought to be the initial sites of acute 

GVHD, in which the donor T cells are activated to proliferate 

(23,24) before infiltrating and destroying the target tissue in 

the host (25).

  To understand the dynamics of allogeneic donor CD4 and 

CD8 T cells in the organs of the BALB.B GVHD host, we 

assessed the fractions and absolute numbers of CD4 and CD8 

T cells in the secondary lymphoid organs (spleen and mLN) 

and the GVHD target organs (liver and lung) on days 7 and 

21 post-transplantation. High proportions of CD4 T cells in 

the organs of allogeneic BALB.B hosts were observed on day 

7, which were reduced on day 21 post-transplantation (Fig. 

2A) probably due to increased proportions of Gr-1
＋

CD11b
＋

 

myeloid cells during GVHD progression. Despite the reduced 

proportions, increased numbers of donor CD4 T cells were 

observed in each organ over time, likely because of the in-

creased total cellularity, especially in the mLN, liver, and lung 

of the allogeneic BALB.B GVHD host. A similar trend was 

observed with CD8 T cells, indicating increased infiltration of 

donor CD4 and CD8 T cells into the peripheral target organs 

during the GVHD progression. In addition, decreased relative 

ratios of CD4/CD8 were observed in each organ on day 21 

compared to those on day 7 post-transplantation in the 

BALB.B GVHD hosts (Fig. 2C). Such decreases in CD4/CD8 

ratio values in BALB.B allogeneic hosts over time contrasted 

with the high values maintained in the syngeneic hosts, im-

plying that more vigorous CD8 T cell expansion was asso-

ciated with GVHD progression.

Dynamics of IFN-γ production by CD4 and CD8 T 
cells infiltrating the organs of GVHD hosts
To understand the dynamics of IFN-γ production by CD4 and 

CD8 T cells in GVHD progression, we investigated and com-

pared the IFN-γ production by donor CD4 and CD8 T cells 

in the organs of the allogeneic and syngeneic hosts. Leukocy-

tes infiltrating the spleen, mLN, liver, and lung were prepared 

from four BALB.B or B6 hosts on days 7 and 21 post-trans-

plantation. The harvested cells were pooled and activated 

with PMA and ionomycin for 6 h in vitro and analyzed by 

flow cytometry for their production of IFN-γ. The flow cyto-

metric analyses showed that although the donor CD4 T cells 

produced IFN-γ in the organs of both the allogeneic and syn-

geneic hosts, higher proportions of IFN-γ-producing CD4 T 
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Figure 2. The local dynamics of 
cellular composition during mild 
acute GVHD. Leukocytes infiltrating 
the spleen, mesenteric lymph node 
(mLN), liver, and lung of the GVHD 
hosts received TCD-BM cells. A 
total of 3×106 splenic T cells from 
B6 mice were prepared on days 7 
and 21 post-transplantation and T 
cell fractions were analyzed using 
flow cytometry after staining with 
anti-CD4 and CD8 antibodies. (A) 
Representative flow cytometry data 
for CD4＋ and CD8＋ T cells obtain-
ed from allogeneic and syngeneic 
hosts on days 7 and 21 are shown. 
(B) Absolute numbers of CD4 and 
CD8 T cells in the secondary lym-
phoid organs (spleen and mLN) and 
target organs (liver and lung) from 
allogeneic and syngeneic hosts on 
days 7 and 21 are plotted. Data re-
presenting more than three inde-
pendent experiments are shown. (C) 
T cells from the spleen, mLN, liver, 
and lung target organs from allo-
geneic or syngeneic hosts on day 7 
and day 21 were labeled with 
anti-CD4 and anti-CD8 antibodies, 
and the CD4/CD8 ratios were com-
pared. Four mice were analyzed in 
each group. ***p＜0.001, **p＜
0.01, *p＜0.05. Error bars represent 
the mean±SD.

cells were found in the organs of allogeneic hosts than in 

those of the syngeneic hosts, which decreased over time dur-

ing GVHD progression from 7 to 21 days post-transplantation. 

However, no appreciable changes in IFN-γ-producing CD4 

T cell numbers were observed between days 7 and 21 

post-transplantation. We noted that the number of mLNs in 

the allogeneic hosts continued to increase (Fig. 3A), and the 

numbers of IFN-γ-producing CD4 T cells in the mLNs in-

creased during the period.

  The proportions of IFN-γ-producing CD8 T cells showed 

similar trends to those of CD4 T cells. However, the numbers 

of IFN-γ-producing CD8 T cells increased over time in all 

organs of allogeneic hosts (Fig. 3B). Therefore, GVHD pro-

gression in the allogeneic hosts was associated with de-

creased relative T cell ratios of CD4/CD8 cells in IFN-γ-pro-

ducing T cells (Fig. 3C).

Dynamics of IL-17 production by CD4 and CD8 T 
cells infiltrating the organs of GVHD hosts
Flow cytometric analyses of IL-17 production by CD4 and 

CD8 T cells during GVHD progression showed that pro-

portions and numbers of IL-17-producing CD4 T cells in-

creased in all organs of the allogeneic hosts during GVHD 

progression from 7 to 21 days post-transplantation (Fig. 4A), 

and higher proportions and numbers of IL-17-producing CD4 

T cells were observed in the allogeneic hosts than the synge-

neic hosts. We found increased numbers of IL-17-producing 

CD4 T cells in the spleen of syngeneic hosts on day 21 

post-transplantation, which was due to increased CD4 and 

CD8 T cell reconstitution in the spleen of syngeneic hosts at 

later time points post-transplantation. The increased pro-

portions and numbers of IL-17-producing CD4 T cells in allo-

geneic hosts indicated that CD4 T cell differentiation tended 

to shift from Th1 to Th17 cells during GVHD progression, es-

pecially in the liver and lung target organs.

  Although we observed increased proportions and numbers 

of CD8 T cells over time during GVHD progression, the 

changes in IL-17-producing cells were not statistically sig-

nificant (Fig. 4B). Therefore, the relative CD4/CD8 T cell ra-

tios in IL-17-producing cells were always higher than 1 at 

both time points after transplantation (Fig. 4C). Due to the 

significant increase in the number of IL-17-producing CD4 T 



Kinetics of IFN-γ and IL-17 Production by T Cell during GVHD
Ji-Min Ju, et al.

IMMUNE NETWORK Vol. 14, No. 2: 89-99, April, 2014 95

Figure 3. Dynamics of IFN-γ pro-
duction by CD4 and CD8 T cells 
infiltrating the organs of GVHD 
hosts. Lymphocytes were prepared 
from secondary lymphoid organs 
(spleen and mLN) and target organs 
(liver and lung) of BALB.B and B6 
host mice that received TCD BM 
and 3×106 splenic T cells from B6 
mice on days 7 and 21 post-trans-
plantation. The lymphocytes were 
analyzed for cytokine production 
by flow cytometry after intracyto-
plasmic staining with anti-IFN-γ in 
combination with anti-CD4 and 
anti-CD8 antibodies. (A) IFN-γ and 
CD4 profiles in CD4 T cells (top) 
and percentages and absolute num-
bers of the IFN-γ-producing CD4 T 
cells (bottom) from the spleen, 
mLN, liver, and lung target organs 
on day 7 and 21 post-GVHD pro-
gression are plotted. (B) IFN-γ and 
CD8 profiles in CD8 T cells (top) 
and percentages and absolute num-
bers of the IFN-γ-producing CD8 T 
cells (bottom) from the spleen, 
mLN, liver, and lung target organs 
on days 7 and 21 post-GVHD 
progression are plotted. (C) T cells 
from spleen, mLN, liver, and lung 
target organs from allogeneic and 
syngeneic hosts on days 7 and 21 
were labeled with anti-CD4, CD8, 
and IFN-γ antibodies, and the 
CD4/CD8 ratios of the IFN-γ＋ cells 
were compared. Four mice were 
analyzed in each group. The data 
represent more than three inde-
pendent experiments. ***p＜0.001, 
**p＜0.01, *p＜0.05. Error bars 
represent the mean±SD.

cells in the liver and lung of the allogeneic hosts during 

GVHD progression, the relative CD4/CD8 T cell ratios in 

IL-17-producing cells increased in the target organs over time. 

No significant production of IL-17 by CD4 and CD8 T cells 

was observed in the syngeneic hosts.

  We suggest that production of IFN-γ by CD4 T cells pre-
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Figure 4. Dynamics of IL-17 pro-
duction by CD4 and CD8 T cells 
infiltrating the organs of GVHD 
hosts. Lymphocytes were prepared 
as Fig. 3. The lymphocytes were 
analyzed for cytokine production 
by flow cytometry after intracyto-
plasmic staining with anti-IL-17 in 
combination with anti-CD4 and 
anti-CD8 antibodies. (A) IL-17 and 
CD4 profiles of CD4 T cells (top) 
and percentages and absolute num-
bers of IL-17-producing CD4 T cells 
(bottom) from the spleen, mLN, 
liver, and lung target organs on 
days 7 and 21 post-GVHD pro-
gression are plotted. (B) IL-17 and 
CD8 profiles of CD8 T cells (top) 
and percentages and absolute num-
bers of the IL-17-producing CD8 T 
cells (bottom) from the spleen, 
mLN, liver, and lung target organs 
on days 7 and 21 post-GVHD pro-
gression are plotted. (C) T cells from 
the spleen, mLN, liver, and lung 
target organs of allogeneic and 
syngeneic hosts on days 7 and 21 
were labeled with anti-CD4, CD8 
and IL-17 antibodies, and the CD4/ 
CD8 ratios of IL-17＋ cells were 
compared. Four mice were analyz-
ed in each group. The data repre-
sent more than three independent 
experiments. ***p＜0.001, **p＜
0.01, *p＜0.05. Error bars represent 
the mean±SD.

cedes that of IL-17 during GVHD progression and that the 

production of cytokines by alloreactive CD4 T cells precedes 

that by alloreactive CD8 T cells.

Dynamics of cytokine production in CD4 and CD8 
T cells
Flow cytometric analyses showed that the donor CD4 and 

CD8 T cells produced IFN-γ and IL-17 in the allogeneic hosts 
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Figure 5. Dynamics of cytokine production in CD4 and CD8 T cells. 
Levels of IFN-γ (A) and IL-17 (B) mRNA transcripts were determined 
using quantitative real-time RT-PCR with MACS-enriched splenic CD4 
and CD8 T cells from each host on days 7 and 21. Fold changes in 
IFN-γ and IL-17 mRNA expression levels compared to β-actin as the 
internal control were calculated using the 2−ΔΔCt method. The data 
represent more than three independent experiments. **p＜0.01, *p＜
0.05. Data performed in triplicate are presented as the mean±SD;
n=6 mice/group.

with different kinetics. To confirm these results, we per-

formed quantitative RT-PCR using the CD4 and CD8 T cells 

purified from the spleen of allogeneic or syngeneic hosts after 

B6 TCD BM and T cell transplantation. There was a two- to 

three-fold reduction in the amount of IFN-γ transcripts (Fig. 

5A) in the CD4 T cells in the allogeneic hosts as GVHD pro-

gressed from days 7 to 21 post-transplantation, and a four- 

fold enhancement of IL-17 (Fig. 5B) transcripts during the 

period. The amounts of IFN-γ transcripts (Fig. 5A) remained 

constant in CD8 T cells during this timeframe, while those 

of IL-17 (Fig. 5B) increased slightly. In addition, higher 

amounts of IFN-γ and IL-17 transcripts were observed in the 

allogeneic case than in the syngeneic case. These results con-

firmed the different dynamics in the production of the two 

cytokines by CD4 and CD8 T cells during GVHD progression, 

demonstrating that Th1, Th17, Tc1, and Tc17 responses devel-

op with different kinetics during GVHD development.

DISCUSSION

Using an MHC-matched but minor H antigen-mismatched 

model, we investigated the dynamics of CD4 and CD8 T cell 

production of two major cytokines involved in GVHD patho-

genesis, IFN-γ and IL-17. The production of the cytokines 

by CD4 T cells preceded that by CD8 T cells, and Th1 and 

Tc1 differentiation occurred prior to Th17 and Tc17 differ-

entiation. These results demonstrate that these cytokines are 

produced with different kinetics, suggesting an evolution of 

CD4 and CD8 T cell differentiation during GVHD progression. 

  Allogeneic minor H antigen-specific CD4 and CD8 T cells 

are considered to play roles in GVHD pathogenesis (19,26). 

The results from this study provide direct evidence for en-

hanced production of IFN-γ and IL-17 by donor CD4 and 

CD8 T cells in the allogeneic GVHD hosts via ex vivo analysis 

of T cells isolated from the various organs of the GVHD 

hosts.

  Acute GVHD can be conceptualized as a three-stage proc-

ess consisting of preconditioned initiation of tissue damage 

(e.g., total body irradiation), activation and proliferation of 

donor T cells after allo-antigen recognition, and the effector 

phase, resulting in tissue damage (27). During the early stage 

after HSCT, alloreactive T cells produce proinflammatory cy-

tokines that play a critical role in GVHD pathophysiology by 

eliciting the activation of immune cells and causing direct tis-

sue damage (2,28). However, we found that cytokines were 

also produced by CD4 and CD8 T cells in the syngeneic 

hosts, suggesting that cytokines, especially IFN-γ, could be 

produced by CD4 and CD8 T cells even without activation 

after antigen-recognition under inflammatory conditions (4,29) 

which were induced by total body irradiation. Activation of 

CD4 and CD8 T cells would augment the production of the 

cytokines in each cell through effector differentiation after ac-

tivation via recognition of allo-antigens.

  Serum levels of IL-17 peaked on day 7 post-transplantation, 

at which time alloreactive CD4 or CD8 T cells showed little 

Il-17 gene transcription. Therefore, the IL-17 secreted in 

blood at day 7 in the allogeneic hosts could be ascribed to 

the production by innate immune cells originated from trans-

planted BM cells due to tissue damage by high-dose irradi-

ation (21) and by attack from alloreactive T cells. Then, the 

relatively higher level of IL-17 secreted in the serum of alloge-

neic hosts than in syngeneic hosts at later time points (days 

14 and 21 post-transplantation) would be ascribed to the 

IL-17-production by the alloreactive CD4 T cells. However, 

systemic release to blood would not be distinct at the late 

time points because IL-17 production was more prominent at 

local tissue sites. 

  Th1 and Th2 responses were up-regulated early after BM 

transplantation, followed by a subsequent up-regulation of 

Th17 cells during acute and chronic GVHD progression (30). 

Significant IL-17 production was observed at day 21, espe-
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cially in the GVHD liver and lung target organs. Therefore, 

differentiation toward Th17 is associated with local tissue 

damages such as cutaneous and pulmonary lesions (14) dur-

ing disease development. In experimental autoimmune ence-

phalomyelitis (EAE), IL-17-producing CD4 T cells are prom-

inent in the brain compared to secondary lymphoid organs 

(31), consistent with our data. Furthermore, IFN-γ-producing 

CD4 T cells enter the CNS and modify conditions therein, 

making it both attractive and accessible to IL-17-producing 

CD4 T cells, resulting in tissue damage in the EAE model 

(32). In this respect, the shift of CD4 T cell differentiation 

from Th1 to Th17 could be related to organ pathology in the 

progression of GVHD. 

  Consistent with the previous notion that Th1 and Th17 CD4 

T cells and Tc1 and Tc17 CD8 T cells contribute considerably 

to GVHD pathology (7,33), our data demonstrated cytokine 

production by the two types of T cells. In addition, the ob-

served production of IFN-γ and IL-17 by CD4 T cells before 

production by CD8 T cells implies a cytokine-producing help-

er function of activated CD4 T cells in promoting CD8 T cell 

effector differentiation. On day 21 post-transplantation, the 

transcriptional activity for IFN-γ production by CD8 T cells 

and the numbers of IFN-γ-producing cells remained high, 

while the IL-17 transcriptional activity and the numbers of 

IL-17-producing CD4 T cells were enhanced. This implies a 

possible influence of cytolytic activity of CD8 T cells on a 

shift to Th17 differentiation of CD4 T cells in target organs, 

suggesting the possible presence of a reciprocal influence be-

tween activated CD4 and CD8 T cells during GVHD pro-

gression. As Th1 and Th17 are involved in different stages 

of tissue pathology (8,13,16,34), further detailed investigations 

of the dynamic role of CD4 and CD8 T cells in the target 

organs might expand our understanding of GVHD pro-

gression.

  In summary, we showed that the dynamics of CD4 and 

CD8 T cell production of IFN-γ and IL-17 differed during B6 

→ BALB.B GVHD development. The results from this study 

provide useful insights regarding the pathophysiology of 

GVHD. 
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