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Studies in mice have shown that proin-
flammatory Th17 cells can cause acute
graft-versus-host disease (aGVHD) re-
lated tissue damage; however, whether
they play a role in human aGVHD remains
unclear. In a prospective study, we mea-
sured the proportion of Th17 cells in
the blood and skin of patients at the onset

of aGVHD. We found no difference in
the proportion or amount of IL-17 pro-
duced by T cells in the blood of patients
with aGVHD (n � 20) compared with
time-matched patients without GVHD
(n � 14). Moreover, Th17 cells were not
increased in the skin of patients with
cutaneous aGVHD (n � 7) compared with

healthy controls (n � 10). In contrast, we
found significantly more interferon-�–
producing T cells in the skin of patients
with aGVHD compared with controls.
These data support the long-standing
paradigm that tissue localized interferon-
�–producing cells are the perpetrators of
aGVHD. (Blood. 2010;116(25):5748-5751)

Introduction

The acute form of graft-versus-host disease (aGVHD) is classically
thought to be mediated by Th1 cells.1 This paradigm is controver-
sial, however, because aGVHD can be induced by Th2 cells, and
Stat4- or interferon-� (IFN-�)-deficient T cells.2,3 The identifica-
tion of proinflammatory Th17 cells, defined by production of
interleukin-17 (IL-17) and IL-22,4 led to speculation that Th17
cells may have an unrecognized role in GVHD. Studies in IL-17�/�

mice found conflicting results, with some data suggesting that
IL-17 is protective5 and others indicating a pathogenic role.6,7 In
support of the latter studies, transplantation of Th17 cells causes
GVHD-related tissue damage.8 In humans, there are also divergent
results with retrospective reports that circulating and/or tissue
localized Th17 cells can be increased9 or decreased10 in GVHD;
hence, their role in GVHD pathogenesis remains unclear. We
performed a prospective study in patients undergoing allogeneic
stem cell transplantation and asked whether altered proportions of
circulating and/or tissue localized Th17 cells correlated with the
onset of aGVHD.

Methods

Study population

Peripheral blood samples were collected weekly and at onset of aGVHD
from 50 allogeneic stem cell transplantation patients (supplemental Table
1, available on the Blood Web site; see the Supplemental Materials link at
the top of the online article). We analyzed samples from patients at onset of
aGVHD (GVHD�; n � 20) and time-matched samples from patients
without GVHD (GHVD�; n � 14). Twenty age-matched healthy donors
served as controls. Patients with veno-occlusive disease, periengraftment

syndrome, or septic shock were excluded from the study (n � 16). aGVHD
was confirmed by biopsy and staged per modified Gluckberg criteria.11 The
study was approved by the University of British Columbia Clinical
Research Ethics Board.

Cytokine analysis

Details of cytokine detection are given in the supplemental data.

Results and discussion

Circulating T cells from aGVHD patients do not have elevated
IL-17 production

Although in mice Th17 cells traffic to GVHD target organs and
mediate lethal GVHD,7,8 whether Th17 cells contribute to the
pathogenesis of GVHD in humans remained unclear. Because
IL-17–producing T cells may be CD4� or CD8�,12 the frequency of
IL-17–, IL-22–, and IFN-�–producing CD3� T cells was compared
in GVHD� versus GVHD� allogeneic stem cell transplantation
patients. Our prospective design allowed us to analyze the fre-
quency of Th17 cells at the onset of aGVHD before treatment with
steroids. The frequency of IL-17� CD3� T cells from GVHD�

patients did not differ from that in GHVD� patients but was
significantly higher than in healthy donors (Figure 1A; supplemen-
tal Figure 1). There was no difference in the proportion of IL-22– or
IFN-�–producing CD3� T cells between GVHD� patients, GVHD�

patients, or healthy donors (Figure 1B and data not shown).
The low frequency of IL-17–producing cells detected by

intracellular staining may result in poor sensitivity to detect
differences in cytokine production; therefore, amounts of IL-17 and

Submitted July 7, 2010; accepted September 2, 2010. Prepublished online as
Blood First Edition paper, September 23, 2010; DOI 10.1182/blood-2010-07-
295436.

The online version of this article contains a data supplement.

The publication costs of this article were defrayed in part by page charge
payment. Therefore, and solely to indicate this fact, this article is hereby
marked ‘‘advertisement’’ in accordance with 18 USC section 1734.

© 2010 by The American Society of Hematology

5748 BLOOD, 16 DECEMBER 2010 � VOLUME 116, NUMBER 25

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/116/25/5748/1461556/zh805110005748.pdf by guest on 02 June 2024

https://crossmark.crossref.org/dialog/?doi=10.1182/blood-2010-07-295436&domain=pdf&date_stamp=2010-12-16


IL-22 in the supernatants from peripheral blood mononuclear
cells (PBMCs) activated via �CD3/CD28 were measured. In
contrast to intracellular cytokine data where we found no differ-
ence between GVHD� and GVHD� patients, the levels of IL-17
were significantly decreased in GVHD� patients compared with
GVHD� patients (Figure 1C). In keeping with decreased IL-17
production, lower levels of IL-22 were detected in GVHD�

compared with GVHD� patients (Figure 1D). The proportions of
PBMCs that were CD3� T cells did not differ between the 3 groups
(data not shown).

We considered the possibility that circulating IL-17� cells may
be involved in the early stage of GVHD pathogenesis but that at
aGVHD onset they may exit the circulation, possibly trafficking to
the inflamed tissue. Thus, in a subset of patients, we analyzed
samples taken one week before the onset of GVHD. We found no
evidence, however, that production of IL-17 or IL-22 increased
before or at onset of GVHD (Figure 1E-F).

Th17 cells are decreased in the skin of patients with aGVHD

Th17 cells have a major role in the pathogenesis of human
psoriasis,13 and 2 mouse studies suggest that Th17 cells are
correlated with cutaneous aGVHD.8,14 We hypothesized that,

despite the lack of circulating IL-17� T cells, Th17 cells could
preferentially accumulate within the target tissues of aGVHD. Skin
biopsies were obtained from 7 patients with aGVHD before
commencing prednisone, and skin-resident T cells isolated from
cultured explants15 were analyzed for the production of IL-17,
IL-22, and IFN-�. Few IL-17� or IL-22� CD4� T cells were
present in the skin of patients with aGVHD, and the proportions
were lower compared with T cells from biopsies of healthy or
psoriatic skin (Figure 2A-B; supplemental Figure 2). To confirm
the reduction in Th17 cells in skin affected by aGVHD, we
measured expression of CCR4 and CCR6, characteristic homing
markers of Th17 cells.16 In keeping with the lack of Th17 cells, the
proportion of CD4� T cells expressing CCR4 or CCR6 was
significantly lower in skin from GVHD� patients compared with
that from healthy controls (Figure 2C-D).

To exclude the possibility that the paucity of IL-17– and
IL-22–producing cells in GVHD� skin was related to an artifact of
in vitro culture, we quantitated the relative frequency of CD3�,
IL-17�, and IL-22� cells within skin biopsies using immunohisto-
chemistry. These studies confirmed that, compared with controls,
very few T cells from cutaneous GVHD lesions produce IL-17 or
IL-22 (Figure 2E; supplemental Figure 3). These histologic data

Figure 1. The onset of aGVHD is not correlated with an
increase in circulating Th17 cells. PBMCs from trans-
planted patients were collected at the onset of GVHD
before commencing steroid therapy (GVHD�; n � 20) and
one week before onset of GVHD (n � 10). Healthy donors
(HDs; n � 20) and transplanted patients without GVHD
(n � 14) served as controls (GVHD�). PBMCs were stimu-
lated with phorbol myristate acetate and ionomycin, and
gated CD3� T cells were analyzed for production of
(A) IL-17 (GVHD�, 0.33% � 0.05%; GVHD�,
0.52% � 0.11%; healthy donors, 0.18% � 0.04%) and
(B) IL-22 (GVHD�, 0.88% � 0.11%; GVHD�,
1.33% � 0.31%; healthy donors, 0.75% � 0.17%.). Super-
natants from PBMCs activated via �CD3/CD28 were
analyzed for production of (C) IL-17 (GVHD�,
4.83 � 2.28 pg/mL, n � 7; GVHD�, 64.3 � 8.76 pg/mL,
n � 10; healthy donors, 84.55 � 28.05 pg/mL, n � 8) and
(D) IL-22 (GVHD�, 433 � 254 pg/mL, n � 7; GVHD�

patients, 2146 � 451 pg/mL, n � 10; and healthy donors
1361.0 � 209.7 pg/mL, n � 8). Amounts of (E) IL-17 and
(F) IL-22 secreted by phorbol myristate acetate and
ionomycin stimulated PBMCs isolated one week before
the onset of GHVD was compared with production at onset
(P � not significant). Each spot represents an individual
donor/patient. Error bars represent SEM. *P � .05.

Th17 CELLS IN CUTANEOUS GVHD 5749BLOOD, 16 DECEMBER 2010 � VOLUME 116, NUMBER 25

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/116/25/5748/1461556/zh805110005748.pdf by guest on 02 June 2024



support the notion that Th17 cells are not responsible for the tissue
damage in cutaneous GVHD.

In contrast to the paucity of Th17 cells, skin from patients with
aGVHD (n � 7) contained a higher percentage of IFN-�� CD4�

T cells versus healthy donors (Figure 2F; supplemental Figure 4).
These data are consistent with the fact that T cells infiltrating the
skin of aGVHD patients express CCR5, a Th1-associated chemo-
kine receptor.17 Notably, significantly more circulating CD4�

T cells expressed cutaneous lymphocyte-associated antigen in
GVHD� compared with GVHD� patients and healthy controls
(Figure 2G), confirming that T cells in GVHD� patients are poised
to home to the skin.

Controversy exists in both mice and humans regarding the role
of Th17 cells in the pathogenesis of aGVHD. In this prospective
study of circulating and tissue-localized Th17 cells, we found no
evidence that an increase in Th17 cells was associated with the
onset of aGVHD. Rather, the lack of Th17 cells correlated with
aGVHD, a finding consistent with data in mice showing that the
absence of Th17 cells leads to augmented Th1 differentiation and
exacerbation of aGVHD.5 Our data are consistent with histologic
data documenting a low number of IL-17–producing cells in gut
and skin in aGVHD patients,10 but contrary to a report that showed
an increase in Th17 cells in the peripheral blood of patients with
GVHD.9 The latter study found increased Th17 cells in the tissues
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Figure 2. Skin affected by cutaneous GVHD is en-
riched in Th1 but not Th17 cells. Punch biopsies from
skin affected by aGVHD collected at the time of diagnosis
(n � 7), psoriasis (n � 3), and healthy controls (n � 10)
were cultured on 3-dimensional matrices in the presence
of T-cell growth factors. After 3 weeks, suspension cells
were restimulated with phorbol myristate acetate and
ionomycin and gated CD4� T cells were analyzed for the
proportion of (A) IL-17 (GVHD�, 0.44% � 0.18%; psoria-
sis, 24.6% � 9.46%; healthy donors, 12.24% � 1.60%),
(B) IL-22 (GHVD�, 2.72% � 0.61% psoriasis
24.05% � 1.74%; healthy donors, 22.4% � 3.82%), and
(F) IFN-�–producing cells (GVHD�, 57.36% � 10.75%;
healthy donors, 21.06% � 4.63%). Unstimulated samples
were analyzed for expression of (C) CCR4 (GVHD�,
14.88% � 5.44%; healthy donors, 61.80% � 6.73%) and
(D) CCR6 (GVHD�, 3.4% � 1.46%; healthy donors,
71.97% � 8.87%). (G) Expression of cutaneous lympho-
cyte-associated antigen on circulating CD4� T cells was
measured in patients with cutaneous GVHD
(14.69% � 2.99%, n � 8) and compared with time-
matched transplanted patients without GVHD
(6.62% � 1.43%, n � 9). (E) CD3 staining was used to
identify T-cell infiltrates, and IL-17/IL-22 staining was
used to identify cytokine expression patterns in the skin of
patients with aGVHD (n � 6) and psoriasis (n � 1). The
sections were examined using an Olympus BX61 micro-
scope equipped with a 20�/0.75 objective lens and
images were taken with an Olympus DP71 digital camera
and acquired with DP controller 3.1.1.267 Olympus soft-
ware. *P � .05. **P � .0001. Error bars represent SEM.
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of patients with chronic GVHD but did not evaluate patients with
aGVHD. Compared with the latter study, our population was less
heterogeneous (age, cell source, conditioning regimen, and GVHD
prophylaxis). As our work focused on skin pathology, it remains
possible that the cytokine profile of T cells present in other tissue
sites, such as the gastrointestinal tract and liver, differs. Notably, in
humans, granulocyte colony-stimulating factor mobilized PBMCs
have reduced Th17 cells,18 and cyclosporine19,20 can inhibit IL-17
production. Thus, treatment regimen, stem cell source, and immu-
nosuppression may all impact the cytokine profile of pathogenic
cells. In conclusion, we found no evidence that an expansion of
circulating or skin-localized Th17 cells was associated with onset
of aGVHD. Because Th17 cells are clearly capable of causing skin
inflammation in psoriasis,13 an outstanding question follows: what
drives the local differentiation and/or homing of distinct CD4�

T-cell subsets in the skin and the subsequent development of
inflammatory skin disorders? Knowledge that Th17 cells are not
associated with the onset of aGVHD suggests that treatment
options targeting this axis of T-cell development and effector
function may have minimal therapeutic effect.
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