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Abstract

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is the ultimate treatment for
highly malignant hematologic disease; however, the major complication—graft-versus-host
disease (GVHD)—still hinders its clinical application. In addition, chronic GVHD remains the
major cause of long-term morbidity and mortality after allo-HSCT. Previously we showed that
bortezomib, a proteasome inhibitor, can ameliorate the sclerodermatous GVHD response while
maintaining graft-versus-tumor (GVT) effects. Here we report that pevonedistat (MLN4924), an
inhibitor of the Nedd8-activating enzyme, which functions upstream of the proteasome in the
ubiquitin-proteasome pathway, can also show similar protective effects. Recipient mice treated
with pevonedistat demonstrated inhibitory effects on sclerodermatous GVHD pathogenesis. The
beneficial effect of pevonedistat was observed to be temporally dependent, however. Whereas
treatment given at the time of allo-HSCT administration or before the onset of symptoms
worsened the scleroderma response, therapeutic administration starting at 20 days post-
transplantation ameliorated the sclerodermatous GVHD. Flow cytometry analysis revealed
differential effects on immune subsets, with inhibition of only antigen-presenting cells and not of
donor T cells. Finally, pevonedistat preserved GVT effects in a sclerodermatous murine model of
B cell lymphoma. Taken together, these data suggest that inhibition of neddylation with
pevonedistat can serve as an alternative approach for the treatment of GVHD while maintaining
GVT effects in a murine model of sclerodermatous GVHD.
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Allogeneic hematopoietic stem cell transplantation (allo-HSCT) remains the sole curative
option for certain hematologic diseases; however, high incidences of graft versus-host-
disease (GVHD) and tumor relapse are major hurdles associated with this approach [1].
Although recent advances in transplantation preparation and prophylactic regimens have
reduced the incidence of acute GVHD (aGVHD), chronic GVHD (cGVHD) remains a major
cause of long-term morbidity and mortality [2]. Recent studies suggest that inhibitors of
various post-translational modifications (PTMs) may serve as therapeutic targeting agents
for aGVHD pathogenesis [3,4]. The PTMs of proteins represent an important biochemical
process that confers biochemical alterations, such as acetylation, phosphorylation, and
ubiquitination [5]. Targeting PTMs by using small-molecule inhibitors has demonstrated
potent antitumor effects [6-8], as well as immunomodulatory properties [3,5]. We have
previously shown that bortezomib, a proteasome inhibitor that interferes with the
degradation of ubiquitinated proteins, can successfully ameliorate sclerodermatous cGVHD
responses in both preclinical and clinical studies [9]. In the present study we sought to
investigate the effect of pevonedistat, an inhibitor of the NEDD8-activating enzyme (NAE),
which functions upstream of the proteasome in the ubiquitin-proteasome pathway, on
sclerodermatous GVHD in a murine model.

Pevonedistat is a selective inhibitor of the NEDD8-activating enzyme and inhibits the
neddylation and activity of the cullin-RING ubiquitin ligases [10]. Thus, pevonedistat
prevents the ubiquitination and degradation of a subset of proteins normally degraded by the
proteasome. Pevonedistat exhibits antitumor effects in preclinical xenograft models of solid
tumors and hematologic cancers, including acute myelogenous leukemia and lymphoma
models [11-13]. Moreover, pevonedistat can suppress dendritic cell functions, such as the
production of proinflammatory cytokines during allogeneic responses, suggesting that it may
have therapeutic potential in allo-HSCT [3]. Given pevonedistat's inhibitory effects on
immune subsets and cytokine regulations, we sought to examine its therapeutic effects on
sclerodermatous GVHD responses. To investigate this, we used a minor MHC-mismatched
murine model by transferring donor B10.D2 (H29) cells into BALB/c (H29) recipients. This
is a well-established model of sclerodermatous cGVHD. We found that mice receiving
pevonedistat starting on day 20 post-transplantation developed significantly less cGVHD
compared with vehicle controls, whereas mice receiving early intervention regimens starting
on day 0 or day 10 did not show protective effects on cGVHD. Flow data revealed that
pevonedistat preferentially inhibited antigen-presenting cells (APCs), with less effect on
donor-derived T cells. Finally, mice that received either vehicle or pevonedistat exhibited
preserved graft-versus-tumor (GVT) effects when challenged with B cell lymphoma. Taken
together, our data suggest that inhibition of the neddylation pathway with small molecules
such as pevonedistat can provide an alternative approach for the treatment of
sclerodermatous cGVHD in mice.
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Materials and Methods

Mice and allo-HSCT

Reagents

The 8- to 10-week-old B10.D2 mice used in these experiments were obtained from Jackson
Laboratory, and 8- to 10-week-old female BALB/c mice were obtained from Taconic Farms.
The BALB/c mice (H2%) received lethal total body irradiation (800 cGy; 137Cs source) and
underwent transplantation from the donor B10.D2 mice (H29). T cell-replete bone marrow
(BM) cells (8 x 10° cells) with or without spleen cells (25 x 108 cells) were injected i.v.
through the tail vein into recipient mice. Mice injected with unfractionated spleen cells were
then randomly allocated into different groups for further treatment. The mice were
monitored for skin clinical scores and body weight loss twice weekly after allo-HSCT. Skin
clinical score was assigned as described previously [14] as follows: 0, healthy appearance; 1,
skin lesions with alopecia area <1 cm?; 2, skin lesions with alopecia area of 1 to 2 cm?; 3,
skin lesions with alopecia area >2 cm?. Tail, ear, or paw scaling represented an additional
0.3 point for each lesion. Mice with a clinical skin score >3.3 (on a scale of 0 to 3.9) or with
severe ischemic tail lesions, severe diarrhea, or weight loss were euthanized. All mice were
maintained at the University of California, Davis Medical Center's vivarium in accordance
with Institutional Animal Care and Use Committee standards.

Pevonedistat was dissolved in vehicle (10% 2-hydroxy-propyl-beta cyclodextrin) and
injected i.p. at a dose of 20 mg/kg every 5 days starting at different time points. Pevonedistat
was administered continuously until the end of the study period. As a positive control,
bortezomib was injected at a dose of 0.1 mg/kg every 5 days starting at day +20 after allo-
HSCT. The Cell Proliferation Assay Kit I (MTT) was purchased from Roche Diagnostics
(Mannheim, Germany; catalog no. 11465007001), and used following the manufacturer's
instructions.

Histology and histopathological scores

Tissues harvested from the mice were placed in 10% formalin, embedded in paraffin,
sectioned, and stained with hematoxylin and eosin. Tissue sections were evaluated and
graded by a board-certified pathologist in a single-blinded fashion. Skin pathology was
scored on scale of 0 to 10 [14], based on dermal fibrosis (0 to 2), fat atrophy (0 to 2),
inflammation (0 to 2), epidermal interface change (0 to 2), and follicular dropout (0 to 2).
Gastrointestinal (GI) pathology was scored on a scale of 0 to 4, based on the extent of
fibrosis and inflammation. Images were visualized with a Vanox AHBS3 microscope with
an SPlan Apo 20x/0.70 NA objective (Olympus, Woodbury, NY). Images were acquired
with a SPOT RT color digital camera using SPOT version 4.0.2 software (Diagnostic
Instruments, Sterling Heights, MI).

Antibodies and flow cytometry analysis

Skin samples were prepared as described previously [15], and flow cytometry was
performed as described previously [16]. In brief, single-cell suspensions (1 million cells)
were first incubated with Fc Block (BD Pharmingen, San Diego, CA) for 10 minutes, then
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coincubated with antibodies for 20 minutes at 4 °C, followed by washing with staining
buffer (PBS + 1% FBS). Flow cytometry analysis was performed with an LSRFortessa cell
analyzer (BD Biosciences, San Jose. CA), and data were analyzed using Flowjo software
(Flowjo, Ashland, OR). CD19-FITC (BD Pharmingen), CD229.1-PE (BD Pharmingen),
CDA4-PE-Cy7 (eBioscience, San Diego, CA), CD25-APC-Cy7 (BD Biosciences), CD45-PB
(BioLegend San Diego, CA), CD8a-AF700 (BioLegend), B220-PE (BD Biosciences),
CD138-PE (BioLegend). CD11c-FITC (BioLegend). F4/80-APC (eBioscience), and CD11
b-APC-Cy7 (BioLegend) were used for these studies.

Bioluminescence imaging

Statistics

Results

The A20 (B cell lymphoma) cell line transfected with luciferase was injected i.v. into
recipient BALB/c mice at a dose of 1 x 10° cells. Tumor cells were injected at day +20 after
allo-HSCT as described above. Tumor growth was monitored with an 1VIS Spectrum In
Vivo Imaging System (PerkinElmer, Waltham, MA). In brief, mice were anesthetized with
isoflurane and injected with D-luciferin (3 mg/mouse, i.p.), then imaged at 5 minutes
postinjection with the IVIS Spectrum system. Bioluminescence data were analyzed using
Living Image 3.0 (Caliper Life Sciences, Hopkinton, MA).

Weight loss, skin clinical scores, and quantitative tumor burden were analyzed by 2-way
analysis of variance (ANOVA) with Tukey's post hoc test for comparison among groups.
Flow cytometry data were analyzed using the Student #test. A Pvalue <.05 was considered
significant. Survival curves were plotted on a Kaplan-Meier curve and analyzed by a log-
rank test.

Temporal-dependent effects of pevonedistat on sclerodermatous GVHD response

To investigate the therapeutic effects of NAE inhibition on sclerodermatous GVHD
pathogenesis, we created a minor MHC mismatch murine model by transferring donor BM
cells and splenocytes from B10.D2 (H2%) donors into lethally irradiated BALB/c (H2%)
recipients. Recipient mice were then treated with pevonedistat (20 mg/kg i.p.) or vehicle
control (10% 2-hydroxy-propyl-beta cyclodextrin i.p.) starting at different time points after
allo-HSCT and continuing every 5 days thereafter until the end of the study (Figure 1A).
Although body weight was not significantly different in the pevonedistat-treated groups at
different administration time points compared with the vehicle-treated group (Figure 1C),
the survival rate was better in mice that received pevonedistat treatment from day +20
(Figure 1D) owing to inhibitory effects on sclerodermatous responses.

We previously reported that bortezomib, a proteasome inhibitor, can inhibit sclerodermatous
response during early, but not late, stages of sclerodermatous GVHD. Similarly, recipient
mice treated with pevonedistat at the onset of cGVHD (day +20) demonstrated strong
inhibition of sclerodermatous GVHD (Figure 1B and E); however, delayed treatment starting
at day +35 did not provide any therapeutic effects (Figure 1F). Furthermore, mice treated
with pevonedistat as prophylaxis initiated at either day 0 or day +10 after allo-HSCT either
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worsened or did not exhibit any protective effects (Figure 1F). The temporal effects indicate
that pevonedistat works only in a narrow time window during cGVHD pathogenesis, similar
to the effects of bortezomib [9].

Pathological assessment confirmed that vehicle control group demonstrated typical
sclerodermatous GVHD lesions, including epidermal thickening, increased fibrotic bands,
and collagen deposition (Figure 2A, upper). Mice treated with pevonedistat from day +20
demonstrated ameliorated cutaneous sclerodermatous GVHD pathogenesis (Figure 2A,
upper) and lower pathological scores (Figure 2B); however, pevonedistat had little effect on
the Gl tract, and mice treated with pevonedistat or vehicle exhibited dense fibrotic bands,
severe ulceration and erosion, and local nonspecific inflammation with T cell infiltration in
the GI tract as an aGVHD remnant (Figure 2A, lower and C). All mice had a score of 4 as
the pathological readout despite treatments.

Pevonedistat specifically inhibits APCs but has less effect on T cells

It was previously reported that pevonedistat can regulate the antigen-presenting process by
inhibiting canonical and noncanonical nuclear factor-xB activities [3]. Given that APCs play
significant roles in the skin GVHD response [17-19], we hypothesized that the amelioration
of skin GVHD by pevonedistat seen in our experiments might have resulted from regulation
of the antigen-presenting process. To investigate this possibility, mice treated with
pevonedistat (starting at day +20 and continuing for every 5 days thereafter) or vehicle were
harvested at day +59, and splenocytes were isolated and assayed by flow cytometry for
different immune subsets. Ly9.1 (CD229.1) was used to distinguish recipient cells and
donor-derived cells. Pevonedistat administration resulted in significant reductions in APCs,
including dendritic cells (Figure 3A) and macrophages (Figure 3B). In addition, pevonedistat
also reduced the number of donor-derived plasma cells despite the lack of inhibition of the
number of B cells (Figure 3C and D). Although it reduced the number of APCs,
pevonedistat demonstrated a minimal effect on T cells, with both donor CD4 (Figure 3E)
and CD8 (Figure 3F) T cell numbers showing no significant difference compared with
vehicle treatment groups.

Pevonedistat demonstrates less inhibitory effect on T cells compared with bortezomib

As we reported previously, both bortezomib and pevonedistat exhibited therapeutic effects
on sclerodermatous GVHD pathogenesis; however, bortezomib can inhibit activated T cell
proliferation [20], which potentially may hinder the GVT effects. To compare the effects of
bortezomib and pevonedistat on T cell inhibition, splenocytes were isolated and stimulated
with concanavalin A (2 ug/mL) with either bortezomib or pevonedistat under different
concentrations. Compared with pevonedistat, bortezomib exhibited a more potent inhibitory
effect on T cell proliferation at the same concentration (Figure 4A and B), indicating that the
lack of T cell inhibition from pevonedistat can potentially better preserve GVT effects and
exert a smaller immunosuppressive effect on T cells.

Pevonedistat maintains GVT effects while decreasing sclerodermatous GVHD responses

Inhibition of antigen presentation and T cell activation can potentially hinder GVT effects
and lead to tumor relapse. To further investigate whether pevonedistat may hinder GVT in

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2017 June 13.
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vivo, we challenged mice with a B cell lymphoma (A20) tumor model. Mice underwent allo-
HSCT on day 0 and were challenged with B cell lymphoma on day +20, the time at which
pevonedistat treatment was initiated (Figure 5A). To track tumors, we transfected B cell
lymphoma with luciferase and monitored the mice using bioluminescence imaging. Whereas
the mice receiving BM alone succumbed to a high tumor burden at around day 32 to 38, the
mice receiving BM and pevonedistat treatment demonstrated decreased tumor burdens
(Figure 5B and C). Administration of additional splenocytes elicited potent GVT effects, and
administration of pevonedistat maintained and preserved GVT effects (Figure 5B and C).
Despite the clear data presented in Figure 5B suggesting preservation of GVT effects by
pevonedistat, no survival advantage could be demonstrated because in this particular model,
pevonedistat did not prevent gut GVHD. There was no significant difference in weight loss
between vehicle-treated and pevonedistat-treated groups that received BM cells and
splenocytes with or without A20 cells (Figure 5D). In addition, mice receiving pevonedistat
and splenocytes with tumors showed an ameliorated sclerodermatous GVHD response
compared with mice receiving splenocytes with vehicle control and tumors (Figure 5E).
These results indicate that pevonedistat can ameliorate sclerodermatous GVHD responses
while maintaining GVT effects.

Discussion

We previously demonstrated that targeting proteasome with bortezomib can successfully
inhibit sclerodermatous GVHD while maintaining GVT effects [9]. Compared with
bortezomib, pevonedistat acts on a more upstream and more selective step in the ubiquitin-
proteasome pathway by targeting the neddylation pathway that is required for the ubiquitin
ligase activity of cullin-RING ligases, and also controls the stability of several cancer-related
proteins [21,22]. The ability to target cancer-related pathways in GVHD treatment may
allow for a direct antitumor effect while treating GVHD. Here we have shown that
therapeutic administration of pevonedistat at the onset of GVHD pathogenesis can inhibit
sclerodermatous response in mice; however, the effect is temporally dependent, similar to
that of bortezomib. Prophylactic treatment immediately after transplantation may worsen the
GVHD response, whereas delayed treatment after full establishment of sclerodermatous
cGVHD might not provide a substantial therapeutic benefit, suggesting that both proteasome
and NAE inhibitors work better in the early stages of sclerodermatous GVHD pathogenesis,
at least in our murine model.

Two possibilities can explain the temporal-dependent effect of pevonedistat on cGVHD.
First, regulatory B cells (Bregs) have been shown to secrete 1L-10 and mediate tolerance in
cGVHD pathogenesis [23]. Given that both immune proteasome and neddylation can affect
the B cell population, prophylactic treatments may potentially hinder the formation of Bregs
and accelerate cGVHD pathogenesis [23,24]. Second, bortezomib has been shown to induce
Gl tract toxicity through an increase in the number of TNF-a receptors and induction of
acute GVHD-like lesions [25]. The inflammatory microenvironment in the Gl tract during
GVHD can have systemic effects on other target organs [26]; thus, it is likely that early Gl
tract inflammation induced by either bortezomib or pevonedistat in the early stages of
cGVHD can lead to the development of skin GVHD. This was also evidenced by the greater
in weight loss in mice receiving early intervention treatment (from day 0) with higher skin

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2017 June 13.
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GVHD clinical scores. The dual effects of either bortezomib or pevonedistat during different
timing treatments suggest that clinical application requires careful evaluation.

Both bortezomib and pevonedistat demonstrated organ-specific effects, such that skin
GVHD, but not GI GVHD, was ameliorated in this particular murine model. Organ-specific
effects may be associated with the effects of neddylation pathways on donor T cells,
particularly on chemokine receptor expression. We previously showed that inhibiting
proteasome in T cell subsets with bortezomib can decrease CXCR3 expression on T cells
[27], and CXCR3 has been shown to affect skin homing. Therefore, it is possible that
neddylation also can affect the expression of chemokine receptors, resulting in organ-
specific protection effects.

In terms of the antigen-presenting process during sclerodermatous GVHD, mice receiving
pevonedistat demonstrate fewer reconstituting donor-derived APCs. In contrast, pevonedistat
has only mild effects on T cell counterparts. The effect on APCs, but not on T cells, can
minimize GVHD without jeopardizing the GVT effect, and also can decrease the risk of
infection. Bortezomib can inhibit activated T cells, and pevonedistat may serve as an
alternative molecular targeting agent for GVHD inhibition. Furthermore, a lack of T cell
inhibition also may increase T cell reconstitution against opportunistic infections. Along
with its immunomodulating effects, pevonedistat can preferentially inhibit tumor growth by
targeting NAE within tumor cells, suggesting that it also can provide direct antitumor effects
in addition to GVT effects.

With respect to clinical applications, although we observed therapeutic effects on the
sclerodermatous GVHD response, whether pevonedistat can impact disease in any other
GVHD target organs is unclear. Bortezomib is known to preferentially provide therapeutic
effects in the skin, but not in the liver or Gl tract [9,27]. We tested pevonedistat in a small
range of dosages (data not shown), and the dosages and administration schedule need to be
carefully evaluated for translation into clinical use. Overall, the NAE inhibitor pevonedistat
demonstrated therapeutic effects on sclerodermatous GVHD responses in mice. Based on the
recent data on its potential effect in patients with acute myelogenous leukemia and
myelodysplastic syndrome [12,28], pevonedistat may have therapeutic potential in patients
with these diseases post-transplantation and decrease the risk of sclerodermatous GVHD.
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Figurel.
Time-dependent administration of pevonedistat produces differential scleroderma GVHD

responses. Irradiated (8 Gy) BALB/c recipient mice underwent transplantation with BM
cells with or without spleen cells (SP) from donor B10.D2 mice. Bortezomib was
administered at day +20 and every 5 days thereafter, whereas pevonedistat was administered
at the indicated times and every 5 days thereafter as well. (A) Scheme for pevonedistat or
vehicle administration during cGVVHD pathogenesis. (B) Representative pictures of mice that
received BM cells only and BM cells and spleen cells with vehicle or pevonedistat from day
20. (C) Body weight changes among different regimen groups. (D) Survival rates in mice
receiving BM only and BM cells and spleen cells with vehicle or pevonedistat from day +20.
(E) Skin clinical score comparison among early therapy (from day +20) of bortezomib,
pevonedistat, vehicle treatment, and BM-only groups. (F) Skin clinical score comparison
among different pevonedistat administration times. Data, shown as mean + SEM, were
analyzed by 2-way ANOVA among individual groups. Data are representative of 2
independent experiments with 4 to 8 mice per group. Significant Pvalues: *£<.05; *** <,
001; ****pP<,0001.
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Figure 2.

Histopathological analysis or mice that received pevonedistat treatment. Irradiated (8 Gy)
BALBY/c recipient mice underwent transplantation with BM cells with or without spleen cells
(SP) from donor B10.D2 mice. Pevonedistat was administered i.p. at day +20 and every 5
days thereafter. Organs were harvested on day +59 after allo-HSCT. (A) Pathological
examination of skin (upper) and Gl tract (lower) by H & E stain. (B and C) Pathological
scores for skin (on a scale of 0 to 10) and Gl tract (on a scale of 0 to 4) were evaluated by
pathologists in blinded fashion. Data, shown as mean+SEM. were analyzed by 1-way
ANOVA with a Tukey post hoc test to compare individual groups. Data are representative of
2 independent experiments with 3 to 4 mice per group. Significant Pvalues: **/<.01;
*** A 001.
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Immune subsets after pevonedistat treatment. Irradiated BALB/c mice the underwent
transplantation with BM and spleen cells (SP) were injected with either pevonedistat (20
ma/kg) or vehicle control starting at day +20. Spleen cells were collected at +day 59 after
allo-HSCT. All cell subsets were gated as Ly9.1" to distinguish donor-derived cells. (A)
Total number of dendritic cells. (B) Total number of macrophages. (C) Total number of B
cells. (D) Total number of plasma cells. (E) Total number of CD4 T cells. (F) Total number
of CD8 T cells. The data, shown as mean = SEM, were analyzed with the Student #test to
compare individual groups. Data are representive of 2 independent experiments with 4 to 8
mice per group. Significant Pvalues: */<.05; **/<.01. N.S., non-significant.
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Figure 4.
Comparison of T cell inhibition by bortezomib and pevonedistat. Splenocytes from resting

BALB/c mice were plated in 96-well plates and stimulated with concanavalin A (2 pg/mL)
for 24 hours (A) or 48 hours (B) with vehicle (10% 2-hydroxy-propyl-beta cyclodextrin), the
dosage range of bortezomib, or pevonedistat. Cell proliferation was determined with the
MTT assay kit following the manufacturer's instructions. Cell proliferation was measured by
the optical density at a wavelength of 570 nm. The reference wavelength was 700 nm. The
data, shown as mean £ SEM, were analyzed by 2-way ANOVA to compare individual
groups. Significant Pvalues: *P<.05; **£<,01; ****<,0001.

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2017 June 13.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Pai et al.

Page 14

A Day 0 Day 20

{M{? . I I i —‘; Tumor burden

( A} < I I Pevonedistat or Vehicle (1.B) every five days
| allo-HSCT Pevonedistat/ Vehicle (i.p.)
A20{LV.)
B
A2 injection on Day 20
BMsVohicle BM+Prvoncdistat  BMeSPsVehicle  BM#SP+Pevoncdistal

Bl DM A0 Veoluclo
3 BM#A20+Pevoncdistal
= BM+SP+A20+Vahicls

B e 5P A2+ Povenedistal

D24

T T T T
e.sac:m Ashssstakanang T T H
SEAQAsA 0cA 040 ) MUMNCLEME

D28

™
Days post HSCT

a
m

& BMeAZDsVahicln
& E1 B = T ——— :I:
8 33 e BMeSPeA20sVohsie 3
g o 3 . BMSP+AR) Povonodatal |1 :
% 8 27 @ BM+SP+Pevonedistal
g ap. L & BMeSPeVohcle _
£ § 21 >
] 1 = 18
& B =L O 45
n;J & BMADVorecla = 1.5
ol B BMeAZ0+Pewonadistat = 12
T 7 A AMS SR+ A Vinhicin W gy
o - BM+SP+AN)Pevonedistat 06
& BMeSP+Vehice
o @ BMSP-Pavanadistat 03 .
” r ¥ .
[} 3 8 98 12 15 18 21 24 27 30 33 38 0 3 6 & 12 15 1B 21 24 27 W I3 M
Days post HSCT Days post HSCT
Figure5.

The impact of pevonedistat administration on cGVHD and GVT in the A20 tumor model.
Irradiated BALB/c mice underwent transplantation with BM cells with or without spleen
cells (SP) at day 0. A20 luciferase-transfected lymphoma cells (1 x 105) were injected
through the tail vein into the indicated groups at day +20. Pevonedistat was also
administered at day +20 and every 5 days thereafter. (A) Timeline schema for different
conditions among groups. (B) Bioluminescence images acquired to monitor tumor burdens.
(C) Quantification of tumor burden by bioluminescence signals. (D) Body weight changes
after allo-HSCT. (E) Skin clinical scores were evaluated twice weekly. Data were collected
from 1 experiment with 8 mice per group. The data, shown as mean + SEM. were analyzed
by 2-way ANOVA for comparisons among individual groups. Significant Pvalues: *** /<.
001; ****P<.0001. N.S., nonsignificant.
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