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Abstract

B cell anti-host antibody production plays a central role in chronic graft-vs-host disease (cGVHD).
T follicular helper (TFH) cells drive B cell responses and are implicated in this process. Given
differences in cGVHD incidence between umbilical cord blood (UCB) and adult donor transplant
recipients, we evaluated TFH cell reconstitution kinetics to define graft source differences and
their potential pathogenic role in cGVHD. Although we observed significantly fewer TFH cells in
the blood of UCB recipients (vs. matched related donors (MRD)) early after transplantation, by 1
year the numbers of TFH cells were similar. Additionally, at both early (day 60) and late (1 year)
time points, TFH cell phenotype was predominantly central memory cells in both cohorts. TFH
cells were functional and able to produce multiple cytokines (INF-y, TNF-a, IL-2, IL-17 and
IL-21) following stimulation. In contrast to mouse models where an enhanced frequency of splenic
TFH cells contributes to cGVHD, patients with cGVHD showed significantly depleted circulating
TFH cells following both UCB and MRD transplantation. Low numbers of TFH cells early after
UCB transplantation could directly contribute to less cGVHD in this cohort. Additionally,
systemic therapy (including steroids and calcineurin inhibitors) may contribute to decreases in
TFH cells in patients with cGVHD. These data provide further evidence supporting the importance
of TFH cells in cGVHD pathogenesis.

Introduction

Blood and marrow transplantation is one of the only curative therapies for patients with
hematological malignancies that are refractory to current chemotherapy regimens. Rapid
lymphocyte recovery is essential for optimal protection against pathogens over the lifetime
of a transplant recipient. In addition to their anti-microbial function, donor lymphocytes also
mediate graft-vs-leukemia effects®. Unfortunately, donor lymphocytes are also responsible
for one of the major complications of hematopoietic cell transplantation (HCT), graft-vs-
host disease (GVHD). The pathophysiology of acute GVHD has been extensively studied in
mice and humans? and more recently there has been an increasing emphasis to better
understand the pathophysiology of cGVHDS3. For instance, several groups have established
that donor B cells produce antibody directed against host antigens in both mice and humans
experiencing cGHVD*6. This is most evident in seminal studies by Miklos showing that in
sex-mismatched transplants, B cells from female donors produce antibodies against male
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recipient antigens®”. Accordingly, strategies targeting bulk B cells (with rituximab8) or their
signaling machinery (with ibrutinib®) have been used to treat both experimental murine
cGVHD and in humans with encouraging results in early human trials*10. Current therapies
including corticosteroids and calcineurin inhibitors broadly target immune cells, however,
there are a lack of therapeutic interventions directed at specific T cell subsets for treatment
of cGVHD.

More recently, a subset of T cells known to drive B cell responses in secondary lymphoid
tissues, called T follicular helper (TFH) cells, has been increasingly characterized in micell
and humans2-13, In humans, TFH cells can be identified in the periphery, herein referred to
as pTFH cells1314 These T cells are defined by the co-expression of CD4 and among others,
the chemokine receptor CXCRS. Under normal circumstances, TFH cells provide B cell
help through expression of costimulatory molecules including CD40L, PD-1, and ICOS13.
Moreover, they produce key cytokines (e.g., IL-21) in germinal centers which activate B
cells to undergo class switching and induce antibody production!. In murine experimental
cGVHD models, we have previously shown that TFH cells drive germinal center B cells and
the production of antibodies causing injury to host tissues within the lung, liver, thymus,
spleen, and colon®. In this model, blocking several effector molecules, including ICOS and
IL-21 from donor TFH cells prevents or reverses germinal center formation and cGVHD®.

Although immune recovery and function following HCT has been studied for years, a more
in depth look at the cell subsets directly involved in complications, such as cGVHD, has
lagged. Additionally, as our availability of donor pools grows through the use of related,
unrelated, or umbilical cord blood (UCB) sources'®>-17, there may be considerable
differences in the transplanted lymphocytes (i.e., graft composition) and lymphocyte subset
recovery post-transplant. This in turn, may be associated with differences in clinical
outcome. Notably, recipients of UCB transplantation experience less cGVHD than bone
marrow (BM) and/or peripheral blood stem cell (PBSC) sources!®, including those from
matched related donors (MRDs) which have traditionally been the stem cell source of
choice.

Given the role of TFH cells in murine models of cGHVD, we asked whether or not there
were differences in human TFH cells between donor sources that could explain differences
in cGVHD.

Transplant protocols and GVHD prophylaxis

Patients were treated using a variety of different conditioning regimens and cell sources
described below. For myeloablative transplantation patients received cyclophosphamide (60
mg/kg x 2 days), +/—fludarabine (25 mg/m2 x 3 days) and total body irradiation (13.2 Gy
over 4 days)!9. Non myeloablative intensity conditioning (NMA) consisted of
cyclophosphamide (50 mg/kg x 1), fludarabine (30 mg/m2 x 5) and total body irradiation (2
Gy). In patients without prior intensive chemotherapy equine ATG was added at (15 mg/kg x
6 doses). GVHD prophylaxis consisted of mainly MMF (2-3 gm/day divided BID from days
-3 to 30) and cyclosporine A (CSA, to keep trough levels 200-400) or sirolimus (to keep
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trough levels 8-12, from days —3 to 100 and then a taper thereafter) or methotrexate and
CSA.

Patient Samples

Kinetic and phenotypic studies were completed using cryopreserved PBMCs from patients
undergoing UCB (n=15) or matched sibling PBSC/BM transplantation (n=15; n=14 PBSC
and n=1 BM) at days +60, 100, 180 and 365. For the analysis of pTFH cells and cGVHD, an
additional 10 patients with cGVHD from each stem cell source were used. cGVHD was
diagnosed using recent NIH consensus conference guidelines2C. All patients consented to
donating peripheral blood lymphocytes at various times following transplantation using
Institutional Review Board approved clinical trials and all of the above clinical research has
been conducted according to the declaration of Helsinki.

Antibodies and flow cytometry

The following antibodies were used: CD8 BV650, CD4 BV605, and CD57 PacBlue all
obtained from Biolegend. CXCR5-APC and CD3-PercpCy5.5 were obtained from Becton
Dickinson. CD27 APC-eFLuor 780, CD45R0 PeCy7, and Fixable Viability Dye eFluor 506
were all obtained from eBiosciences. Flow cytometry was done on a BD LSRII and data
analyzed using FlowJo (Treestar). To identify TFH cells, samples were gated on live cells
within the lymphocyte gate after doublet discrimination. TFH cells were then defined by
gating on CD3*CD8 CD4*CXCR5* cells.

Assessment of TCR-induced Cytokine Production of pTFH Cells Post-
transplant

Patient samples were thawed overnight in basal media containing 10% FBS with no
additional cytokine support. The following day, cells were washed, counted, and
resuspended at 5-10x10%/mL. To evaluate for TCR induced intracellular CD40 ligand
(CD154) expression and cytokine production, unstimulated PMBCs were compared to SEB
(staphylcoccal enterotoxin B) stimulated cells in the presence of brefeldin A and monesin
(added after 1 hour incubation). Briefly, cells were incubated for in the presence or absence
of SEB stimulation for 6 hours at 37 degrees Celsius. At the end of the incubation period,
the reaction was stopped by washing the cells three times followed by staining for the
following cell surface and intracellular cytokines using previously published methods 21,
The following antibodies were used: CD154 APC Vio-770 (Miltenyi Biotechnology), CD3
FITC, IL-21 PE, CXCR5 PerCP-Cy5.5, IL-17A Alexa Fluor 647 (Becton Dickinson), CD8
AF700, CD4 BV605, IFNy PacBlue, TNFa BV650, IL-2 PeCy7 (Biolegend), and Fixable
Viability Dye eFluor 506 (eBiosciences). Flow cytometry was done on a BD LSRII and data
analyzed using FlowJo (Treestar).

Statistical analysis

Where results of multiple samples are summarized, data are expressed as the mean +
standard deviation (SD) for the indicated number (n=). For studies with two groups,
differences between groups were analyzed by Student T test or the Mann-Whitney U test,
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unless otherwise indicated. For comparison of multiple groups, analysis of variance
(ANQOVA) was utilized. If significant then an unpaired T test was used and p values were
corrected using Bonferroni correction for multiple comparisons. Statistical significance was
indicated as NS, p> 0.05, *p< 0.05, **p< 0.01, and ***p< 0.001. Results were considered
significant at p values of 0.05 or less (GraphPad Software, San Diego, CA).

Results

Reconstitution of peripheral T follicular helper cells following HCT

Although reconstitution of several T lymphocyte subsets following HCT has been
described!6:22, there are currently no published data regarding the recovery of pTFH cells in
humans following HCT. Given the role of TFH cells in driving B cell responses and the
association of host-reactive antibodies in cGVHDS, our initial study hypothesis was that
higher levels of circulating TFH cells would correlate with cGVHD. Before addressing this,
we first investigated the content of pTFH cells (defined by CD3*CD4*CXCR5*) in UCB
and adult PB. As shown in Figure 1, UCB is essentially devoid of pTFH cells, while they are
readily detectable in healthy individuals (UCB vs. adult blood 0.7 £ 0.3% vs 7.4 + 4.2%,
p=0.002, n=6, Figure 1). Therefore, we sought to compare this specific subset in recipients
of UCB (n=15) and MRD (n=15) at 60 days to 1 year after transplantation. Patient
characteristics are shown in table 1. Briefly, all patients received reduced intensity
transplantation and the two groups did not differ significantly with respect to ATG use in the
conditioning regimen, age, portion with aGVHD or severity of aGVHD. There were
differences in baseline diseases, with a higher proportion of UCB patients having AML or
MDS. The majority of patients showed donor engraftment at D100 in the T cell
compartment.

Based on our initial findings showing differences in CD4*CXCR5™* T cells between UCB
and adult peripheral blood (above, Figure 1), we predicted differences in their reconstitution
kinetics based on stem cell source. In MRD recipients, the proportion of pTFH cells was
stable over time, whereas UCB recipients (Figure 2A) had significantly lower percentages of
pTFH cells at day 60 compared to MRD transplant recipients (8.5 + 1.0% vs 2.8 + 1.0%,
p=0.001, Figure 2A) with similar levels at 1 year post transplant (10 + 1.1% vs 12.4 + 1.7%,
p=0.23, Figure 2A). To ensure that these differences in frequency were not related to
disproportionate recovery of the CD4 T cell compartment, we also evaluated absolute cell
counts of both pTFH and CD4 T cells from each group. As shown in Figure 2B, the absolute
count of pTFH cells increases over 1 year in each group, with significantly more pTFH cells
in MRD recipients at day 60, day 100, and 6 months. At day 60, UCB recipients also had
significantly fewer total CD4 T cells, however, the numbers of CD4 T cells converge at later
time points (Figure 2C), similar to other reports16:22,

We conclude that differences between donor stem cell sources affect reconstitution kinetics
of pTFH cells in the recipient, likely due to donor graft content. However, it is not known
whether there are differences in the characteristics of the reconstituting pTFH cells between
the two groups, as this could influence differences in cGVHD between the two stem cell
sources.
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Recipients of MRD and UCB transplants have phenotypically and functionally similar pTFH
cells

Previous studies have shown that pTFH cells have a surface phenotype of central memory
cells (Tcm)23. Given that UCB grafts contain essentially only naive CD4 T cells, their
maturation to TFH cells could be altered or delayed as they require further differentiation in
the secondary lymphoid tissues?4. In contrast, since a proportion of the T cells transferred
with MRD grafts contain CXCR5 expressing cells previously exposed to antigen in the
donor, they would not be expected to require these initial steps of differentiation. Instead,
they could undergo homeostatic proliferation and perhaps recover faster than UCB
recipients. To assess whether or not there were cellular differences in the reconstituting
pTFH cells between graft sources, we evaluated them for phenotypic differences in
CD4*CXCR5* T cells.

Helper CD4 T cells can be subdivided into different subsets based on established surface
markers. These include naive (CD45RO~CD27*), central memory (CD45RO*CD27%),
effector memory (CD45RO*CD277), effector (CD45RO*CD57"), and terminal effector
(CD45RO™CD57%) CD4 T cells. As shown in Figure 3A, each of these subsets are present in
both the CXCR5* and CXCR5™ populations of CD4 T cells in recipients of HCT
(representative example, MRD at day 60). When evaluating the CXCR5* cells in UCB and
MRD recipients, we found that the majority of them are predominantly central memory cells
at both 60 days (84.7 + 1.6% vs 75.4 + 4.6%, p value=0.17, Figure 3B) and 1 year (83.1
+2.6% vs 88.2 + 1.4%, p value=0.4, Figure 3C). Of note, there were no detectable terminal
effector cells in the CXCR5* compartment of UCB recipients at day 60 (Figure 3B) and they
were significantly reduced at 1 year (0.9 + 0.2% vs 0.2 = 0.2%, p value=0.03) (Figure 3C).
When examining the CXCR5~ cells, we found no significant differences between the two
donor sources. The majority were predominantly naive, central memory, and effector
memory CD4 T cells at both 60 days (37.4 £ 6.1% vs 37.6 £ 5.5%, 49.7 + 5.4% vs 46.9
+5.0%, and 11.8 + 3.0% vs 12.7 + 2.8%, respectively, p values >0.05, Figure 3D) and 1 year
(22.9 £ 4.6% vs 25.0 + 4.2%, 50.0 £ 5.3% vs 53.6 = 2.7%, and 23.6 + 4.0% vs 17.6 + 2.3%,
respectively, p values >0.05, Figure 3E). These data demonstrate that, even in UCB
recipients, circulating pTFH cells following HCT have a predominant CM phenotype and
there are no major differences between donor sources.

We next set out to determine the function of pTFH cells in transplant recipients. pTFH cells
from both UCB and MRD recipients at D+360 produced multiple cytokines (INF-y, TNF-a.,
IL-2, IL-17 and IL-21) following direct TCR stimulation with SEB. Prior studies have
shown that TFH cells use CD40L to provide B cell help, thus we focused on the cytokine
production in this population1:14, The percentage of CXCR5*CD40L* cells producing
cytokines did not differ based on stem cell source (Figure 4A-F). Because we found no CD4
T cell specific differences between the two donor sources, and because murine studies show
increases in splenic TFH cell frequency in the setting of a cGHVD, we next asked whether
or not TFH cell numbers and function were affected by cGVHD.
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pTFH cells are lower in patients with cGVHD

Some models of murine cGVHD are characterized by pathogenic B cell activity and chronic
antibody deposition that is dependent on TFH cells®®. However, these studies evaluated
splenocytes and not the peripheral blood. As routine tissue sampling is difficult in any
human study, we evaluated TFH cells circulating in the peripheral blood to determine if the
absolute number of pTFH cells varied in patients with cGVHD (n=19) to those without
cGVHD (n=21) at 1 year after transplantation, irrespective of disease severity (limited or
extensive). Interestingly, when patients with ongoing cGVHD were analyzed at 1 year, there
were significantly lower absolute counts of pTFH cells compared to those without cGVHD
(14.4 £ 3.9 vs 43.4 + 4.0, p=<0.0001) (Figure 5A). This effect was still present when broken
down by donor source based on the presence or absence of cGVHD (MRD, 53.5 + 4.3 vs
30.1 £ 5.6 per uL, p=0.007; UCB 38.4 + 5.2 vs 3.1 + 1.2 per uL, p=< 0.0001) (Figure 5B).
Both groups were treated with similar average doses of prednisone, either with or without
additional immunosuppressive therapy (CSA, sirolimus, or MMF; supplemental Table 1).
Conversely, there were no differences in absolute numbers of CD4 T cells in those with
ongoing cGVHD versus those without (MRD, 384.3 + 47.9 vs 436.6 + 82.2 per uL, p=0.61,
UCB 364.9 + 38.4 vs 258.5 + 81.0 per uL, p=0.21) (Figure 5C), perhaps suggesting that
current GVHD therapies may decrease the number of pTFH cells. Thus, in contrast to our
initial hypothesis, pTFH cells are lower in patients with cGVHD. As in figure 4, we also
evaluated available samples for differences in cytokine production based on the presence or
absence of cGHVD. Similar to there being no functional differences based on stem cell
source, we found no differences in cytokine production based on presence or absence of
cGHVD (Figure 5D-H).

Discussion

Characterization of immune reconstitution following HCT remains an important goal. There
are significant differences in the lymphocyte composition and recovery following UCB and
PBSC/BM transplant procedures 22, In some studies these differences, particularly in T cells,
may contribute to higher risks of viral infections. With regard to TFH cells, mouse models
demonstrate that diminished TFH cell activity in neonates results in reduced serologic
vaccine responses2®. There is strong evidence in humans to support the role of circulating
TFH cells in response to pathogens or vaccines423. They are also expanded in the periphery
of patients with existing autoimmune disorders3262728 \We have previously shown that TFH
cells play an important role in driving cGVHD pathogenesis in mice® and were interested if
similar mechanisms could explain human cGVHD.

Despite significant HLA disparity between the donor and recipient, UCB transplantation
results in equivalent frequencies of aGVHD and a lower frequency of cGVHD compared to
MRD sources!8. As the balance of T and B cell immunity drives both protection against
pathogens as well as GVHD post-HCT, we hypothesized that there would be donor-
dependent differences in pTFH after allo-HCT that could contribute to differences in
cGVHD. We characterized the recovery of pTFH cells based on stem cell source and found
slower recovery of the pTFH cells (absolute numbers and frequency) in UCB recipients
compared to MRDs. This is likely explained by UCB grafts containing essentially no pTFH
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cells and all naive T cells, which require additional differentiation steps to become TFH
cells in the recipient. Interestingly, we found significantly lower absolute numbers of pTFH
in UCB recipients up to 6 months after transplant, which could partially contribute to lower
levels of cGVHD in these patients. By 1 year post transplant there were similar numbers of
pTFH cells in both groups. This was unexpected as TFH cells in MRD grafts have a
significant starting advantage and are presumably exposed to similar growth stimuli (e.g.
IL-2, IL-7 and IL-15) in a lymphopenic environment. The cytokines driving TFH
differentiation in humans are still ill-defined2®, but similar to other lineages, are likely
restrained by homeostatic mechanisms. Previous exposure to antigen in the donor could also
contribute to higher rates of in cGVHD in MRD recipients (as UCB T cells are essentially
all naive). Antigen experienced TFH cells could undergo homeostatic proliferation in the
recipient and drive this pathogenic process. As in male HCT recipients of female donors,
homeostatic or antigen driven proliferation of TFH cells primed against H-Y antigens could
explain higher rates of cGVHD in this setting®’. HY-specific T cells would support the
development of pathologic B cells, as evidenced by the production and predictive nature of
anti-HY antibodies in recipients of sex-mismatched transplants®. In our current study, we did
not evaluate for TCR diversity in circulating TFH cells to see if this positively or negatively
correlates with cGVHD, nor were we able to actually prove that the TFH cells were of donor
origin due to the small numbers of cells in the research sample.However, engraftment
analysis of the total T cell population at most time points tested was 100% donor.

Given the above differences in the graft content of naive and memory T cells, we predicted
there would also be skewing of the phenotype of reconstituting pTFH cells. As UCB grafts
contain essentially no CXCR5-expressing CD4 T cells upon transfer, they must traverse the
entire developmental process!124. When looking at CXCR57CD4* cells in UCB and MRD
recipients, we found that the majority of cells were central memory cells and there were no
significant differences between the two donor types at 60 days or one year post-transplant.
There were also similar levels of naive, effector memory, effector, and terminal effector CD4
T cells. These data suggest that even in UCB recipients, circulating TFH cells are antigen
experienced. Other studies show that TFH cells can be further distinguished based on
CXCR3 expression!* and respond specifically to antigen inducing the co-stimulatory protein
ICOS. Here, we did not evaluate whether or not these same CXCR3*ICOS* pTFH cells are
capable of driving antibody production in cGVHD (e.g. against H-Y minor
histocompatibility antigens), though this could be the basis of future studies. We do show
that the TFH cells in the blood of patients at 1 year after transplant are functional and able
produce an array of cytokines including IL-21, IL-2, IL-17, IFN-y and TNF-a.. Our data
also suggest that the phenotypic differences in TFH cells between donor sources likely
cannot account for differences in levels of cGHVD, as both contain equal numbers of central
memory and effector TFH cells. Because we found no CD4 T cell specific differences
between the two donor sources, we next asked whether or not the presence of cGVHD
affected TFH cell numbers.

Given that TFH cells are known to help support pathologic B cell responses and drive
cGVHD in mice, we proposed that higher levels of donor pTFH cells could thus drive
cognate B cells and chronic antibody production directed against the host. Depletion of TFH
effector cytokines (e.g. IL-21) or co-stimulatory ligands (ICOS and CD40L) blocks germinal
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center formation and can prevent or reverse ongoing cGVHD in a model of multi-organ
system disease with bronchiolitis obliterans®. These data suggest multiple pathways that
could serve as potential candidates to halt cGVHD by targeting TFH cell effector functions.
Thus, we hypothesized that peripheral TFH cells would be increased in cGVHD and serve as
a promising target in patients affected by this transplant complication. When studying
PBMCs of patients with ongoing cGVHD, we were surprised to find significantly lower
percentages and absolute numbers of TFH cells. Interestingly, this appears to be independent
of donor source. These findings may suggest homing out of the peripheral blood and into
secondary lymphoid tissues or alternatively, a loss of pTFH cells as part of the cGVHD
process. Additionally, as the patients in our study with cGVHD all receive immune
suppression (e.g., prednisone, CSA, sirolimus), this likely contributes to decreased pTFH
cells. It is interesting to note that CXCR5*CD4™ T cells, as opposed to the bulk CD4 T cell
population, are decreased independent of cGVHD or treatment. This may suggest that
current therapies are broadly targeting TFH cells and provides preliminary evidence that
inhibition of human TFH cells in vivo would be a promising target for cGVHD treatment or
prophylaxis. In mice, it is clear that inhibiting specific signaling pathways (e.g. BTK or
ICOS) or cytokines (e.g. IL-21) in TFH cells can halt and potentially reverse the adverse
effects of cGVHD at least in some rodent models'®. Based on the above and our data
showing a very low frequency of pTFH cells in UCB grafts and a low rate of cGVHD in this
setting, it is tempting to speculate that selective depletion of pTFH cells might be a strategy
to reduce cGVHD in adult donor transplantation.

In summary, there are significant differences in the TFH cells between donor sources. UCB
grafts are essentially absent of TFH cells but make up approximately 5-15% of PB CD4*
cells. pTFH cells in UCB and MRD recipients were predominantly central memory cells
with similar percentages at early and late time points suggesting phenotypic differences are
unlikely to explain differences in cGVHD. Interestingly, pTFH cells are lower in UCB
recipients early on after transplant which could help explain lower levels of cGVHD in these
patients. While TFH cells in UCB recipients are significantly lower early after transplant,
they reconstitute to similar numbers as PBSC/BM recipients by 1 year post-transplantation.
Lastly, we show that TFH cells are markedly depleted in patients with ongoing cGVHD,
likely as a result of homing, cGVHD itself or the treatment with immunosuppressive
therapy. Collectively, these findings show that TFH cells are associated with cGHVD and
that slower recovery of pTFH cells may contribute to protection of cGVHD after UCB
transplantation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. There are significant differences in peripheral TFH cell recovery
following HCT depending on donor source

. TFH cell phenotypes following HCT are similar between donor sources
and do not differ in patients with or without cGVHD

. Peripheral blood TFH cells are significantly decreased in patients with
cGVHD
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Figure 1. PBMCs from adult donors contain more pTFH cells than UCB
Mononuclear cell fractions were isolated from normal UCB and normal PB samples and

stained with CD3, CD4, and CXCRS5. pTFH CD4*CXCR5* populations were gated from the
Live CD3™" population in each sample. A) Example gating for quantification of pTFH
CD4*CXCR5* populations in an UCB mononuclear cell fraction (left) and a PBMC (right).
B) Percentage of pTFH CD4*CXCR5* cells found in UCB (n=6) versus PBMC (n=6).
**p=0.002, Mann-Whitney t-test.
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Figure 2. The pTFH population expands in UCB recipients while the pTFH population remains
stable in MRD recipients

A) Quantification of pTFH cells (CD3*CD4"CXCR5™) in patients undergoing UCB (n=15)
or matched sibling PBSC/BM transplantation (n=15) at day 60, day 100, 6 months, and 1
year post-transplantation. At day 60 post-transplant, UCB recipients had significantly lower
percentages of pTFH cells compared to MRD transplant recipients (8.5% + 1.0 vs 2.8%

+ 1.0. ***p value 0.001, Mann-Whitney t-test). B-C) Absolute numbers of pTFH (B) and
CDA T cells (C) in MRD and UCB recipients displayed in panel A. There are significantly
more pTFH cells in MRD recipients at day 60 (25.6 £ 4.5 vs 2.5 + 0.7. ***p value 0.001),
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day 100 (31.5 + 6.2 vs 9.4 £ 4.0. *p value 0.02), and 6 months (41.6 + 6.9 vs 21.5+4.2. *p
value 0.02) compared to UCB recipients. There are significantly more CD4 T cells in MRD
recipients at D60 following transplant (417.5 + 60.6 vs 92.2 £+ 18.8. ***p value 0.001)
compared to UCB recipients.
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Figure 3. MRD and UCB pTFH cells possess a central memory cell phenotype
(A) Representative gating path and characterization of pTFH cells following MRD HCT at

D60. (B-E) At D60 and 1 year post transplant, CD4 T cells from peripheral blood were
gated from the Live CD3* population. Subsequently, CXCR5+ (2B, 2D) and CXCR5- (2C,
2E) populations within the CD4" subset were analyzed for CD45R0O, CD27, and CD57
expression. Populations identified: naive (CD45RO~CD27%), central memory
(CD45RO*CD27™), effector memory (CD45RO*CD277), effector (CD45RO*CD57+), and
terminal effector (CD45RO~CD57%). In both MRD and UCB recipients, the majority of
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CXCRS5 cells are central memory cells at day 60 (3B) and 1 year (3C). CXCR5™ cells were
predominantly naive, central memory and effector memory CD4 T cells at both 60 days
(3D) and 1 year (3E).
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Figure 4. pTFH cells from both UCB and MRD recipients produce multiple cytokines in
response to T cell receptor stimulation

Representative gating path and characterization of pTFH cells stimulated with SEB
following MRD HCT at 1 year. CD4 T cells from peripheral blood were gated from the live
CD3" population. Subsequently, CXCR5* and CXCR5™ populations within the CD4* subset
were analyzed for expression of CD40L and multiple cytokines including I1L-21, IL-2,
IL-17, IFNy, and TNFa. Graphs B-F show compiled data for CXCR5* cells that coexpress
CDA40L and B) IL-21, C) IL-2, D) IL-17, E) IFNy, or F) TNFa.. Differences between donors
(B-F) were non-significant.
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Figure 5. pTFH cells are significantly depleted in patients with ongoing cGVHD
(A) pTFH counts in patients without cGVHD (n=21) compared to patients with cGVHD

(limited or extensive) (n= 19) at 1 year post-transplantation (43.4 + 4.0 vs 14.4 + 3.9 cells/ul,
*** n <0.0001. Mann-Whitney t-Test.). (B) Quantification of pTFH cells in patients without
versus with any cGVHD grouped by donor source (MRD, 53.5+4.3vs 30.1 £5.6, **
p=0.007; UCB 38.4 £5.2 vs 3.1 + 1.2, ***p < 0.0001). (C) Absolute CD4 counts in MRD
and UCB recipients in patients with or without cGVHD (MRD, 384.3 + 47.9 vs 436.6
+82.2, NS, p=0.61; UCB 364.9 + 38.4 vs 258.5 + 81.0, NS, p=0.21). (D-H) CD4 T cells
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from peripheral blood were gated from the Live CD3* population following stimulation with
SEB. Subsequently, CXCR5" and CXCR5~ populations within the CD4" subset were
analyzed for expression of CD40L and multiple cytokines including IL-21, IL-2, IL-17,
IFNy, and TNFa. Graphs B-F show compiled data for CXCR5* cells that coexpress CD40L
and B) IL-21, C) IL-2, D) IL-17, E) IFNy, or F) TNFa. Differences between donors (B-F)
were non-significant.
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Table 1
Patient Demographics
PBSC/BM ucCB p value
n=15 n=15

Sex 0.69
Male 10(66.7%) 11(73.3%)

Age 0.25
Median(Min-Max) 63.2(23.4-72.8) 56.7(44.8-69.5)

Diagnosis 0.35
ALL 1(6.7%) 2(13.3%)
AML 5(33.3%) 7(46.7%)
Other Leukemia 0 1(6.7%)
Myelodysplasia 2(13.3%) 3(20.0%)
Non-Hodgkin's 4(26.7%) 2(13.3%)

Lymphoma
Hodgkin's Lymphoma 3(20.0%) 0

Conditioning 1.00
RIC 15(100.0%) 15(100.0%)

ATG in Conditioning 1.00
Yes 3(20.0%) 3(20.0%)

GVHD prophylaxis 1.00
CSA +/- MMF +/- MTX 13(86.7%) 13(86.7%)
Siro +/- Tacro +/-MMF 2(13.3%) 2(13.3%)

aGVHD II-1V 0.23
Yes 3(20.0%) 6(40.0%)
No 12(80.0%) 9(60.0%)

Time to aGVHD I1I-IV 0.79
Median days (Min-Max) 37.0(30.0-38.0) 39.0(21.0-115.0)

D+100 Donor Engraftment in CD3+ Fraction 0.14

n

Median (Min-Max)

15
99.0 (56.0-100.0)

11
100.0 (75.0-100.0)

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2016 September 08.

Page 20



	Abstract
	Introduction
	Methods
	Transplant protocols and GVHD prophylaxis
	Patient Samples
	Antibodies and flow cytometry

	Assessment of TCR-induced Cytokine Production of pTFH Cells Post-transplant
	Statistical analysis

	Results
	Reconstitution of peripheral T follicular helper cells following HCT
	Recipients of MRD and UCB transplants have phenotypically and functionally similar pTFH cells

	pTFH cells are lower in patients with cGVHD
	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1

