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CD8" T cells that secrete proinflammatory cytokines play a central role in exacerbation of inflammation; however, a new
subpopulation of CD8 regulatory T cells has recently been characterized. This study analyzes the prominent role of these
different subpopulations in the development of graft-versus-host disease (GVHD). Samples from 8 healthy donors mobilized with
Filgrastim® (G-CSF) and 18 patients who underwent allogeneic hematopoietic stem cell transplantation (HSCT) were evaluated
by flow cytometry. Mobilization induced an increase in Tcl (p < 0.01), Thl (p < 0.001), Tcl7 (p < 0.05), and CD8'IL-10" cells
(p < 0.05), showing that G-CSF induces both pro- and anti-inflammatory profiles. Donor-patient correlation revealed a trend
(p = 0.06) toward the development of GVHD in patients who receive a high percentage of Tcl cells. Patients with acute GVHD
(aGVHD), either active or controlled, and patients without GVHD were evaluated; patients with active aGVHD had a higher
percentage of Tcl (p < 0.01) and Tcl7 (p < 0.05) cells, as opposed to patients without GVHD in whom a higher percentage of
CD8 Treg cells (p < 0.01) was found. These findings indicate that the increase in Tcl and Tcl7 cells is associated with GVHD
development, while regulatory CD8 T cells might have a protective role in this disease. These tests can be used to monitor and
control GVHD.

1. Introduction immune response of donor cells against host tissues recog-

nized as foreign. It is usually referred to as acute GVHD
Graft-versus-host disease (GVHD) is one of the major  (aGVHD) when damage appears within the first 100 days
causes of mortality after allogeneic hematopoietic stem cell after allogeneic HSCT and the main organs involved are the
transplantation (HSCT); it is induced by the inflammatory  skin, liver, and gastrointestinal tract. The development of this
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disease depends on diverse immunological characteristics of
the patient and donor at the time of infusion [1-3].

A central aspect and a subject of evaluation in GVHD
development is the role of cytokines. In this context, GVHD
has been extensively associated with Thl-related cytokines
(IFNy, IL-2, and IL-12) [4, 5] although these are not the only
cytokines involved in inflammation. Recently, Thl7-related
cytokines (IL-17A and IL-17F) have been said to be prominent
in solid organ rejection in murine models [6-9] and while
their presence is not required for GVHD development, they
contribute to exacerbation of this disease [8].

As a counterpart to inflammation and as part of home-
ostasis, a beneficial process known as immune regulation
takes place. Research on this subject has focused on the
study of regulatory T cells (Treg), in particular those that
express the CD4*CD25"¢"FoxP3* phenotype, which are able
to control immune responses to alloantigens and are therefore
potential targets for establishing tolerance in transplantation.
This Treg subpopulation has been studied the most; however,
other groups of cells with regulatory functions have been
described, for example, the subsets CD8", yd T, NK, and NKT.
This is the reason why many studies are now focusing on
them in order to promote an immune tolerance status via the
adoptive transfer of these cells [10, 11]. Within this context are
CD8" Treg, initially described by Gershon and Kondo (1970)
[12], the study of which was abandoned due to the lack of
markers to characterize them and has recently been taken up
in clinical studies that have established their role in diverse
diseases such as experimental autoimmune encephalitis [13-
15], colorectal cancer [16, 17], multiple myeloma [18, 19],
multiple sclerosis [20], and ovarian carcinoma [21, 22]. These
findings demonstrate the prominent immunosuppressive role
of CD8" cells in control of autoimmunities and evasion of the
immune response. These antecedents, together with CD8"
Treg generation through continuous stimulation of the anti-
gen [23] and involvement of these cells in GVHD control in
murine models [24], denote the importance of the regulatory
functions carried out by CD8" cells. Nevertheless, there are
no studies on the role of CD8" Treg in GVHD development in
humans, and findings regarding proinflammatory Tcl7 cells
are few and controversial.

The present study was designed to determine the utility of
Tcl and Tcl7 cells, as opposed to CD8" Treg, as predictors of
GVHD development and severity.

2. Materials and Methods

2.1. Patients and Donors. Eighteen human leukocyte antigen-
(HLA-) identical sibling donors and their recipients with
different hematooncologic disorders were studied. Half of the
patients developed GVHD (55.5%). All individuals complied
with the requirements to be included in the Stem Cell
Transplantation Program at Centro Médico Nacional La
Raza (IMSS-Mexico) and signed an informed consent before
entering the study. The Hospital Ethical Committee approved
the study, which was conducted according to the principles of
the Declaration of Helsinki.
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Blood samples were obtained on months 1, 2, 6, 9, and 12
after transplantations. All patients were clinically evaluated
on a monthly basis for GVHD development.

Granulocyte-colony stimulating factor (G-CSF) (Filgras-
tim, Amgen-Roche, Thousand Oaks, CA) was subcuta-
neously administered to donors in daily doses of 16 pg/kg for
five days. Apheresis was performed on day 5 of G-CSF admin-
istration using a Cobe Spectra device. Patient characteristics
are shown in Table 1. Patients with cytomegalovirus (CMV)
infection were excluded from the study.

2.2. Determination of Lymphocyte Subpopulations and
Cytokines by Flow Cytometry. Peripheral blood (PB) samples
were obtained, stained for multiparametric flow cytometry,
and fractionated in 4 Eppendorf tubes (A, B, C, and D)
containing 500 uL of blood each. The sample in tube A was
unstimulated; tube B was stimulated with brefeldin A plus
monensin; tube C was stimulated with 40 ng PMA plus 1 ug
ionomycin; tube D was stimulated with 40 ng of PMA and
1pug ionomycin plus brefeldin A and monensin. Samples
were incubated at 37°C in a 5% CO, atmosphere for 6h.
The following antibodies were used for cell surface staining:
mouse anti-human CD4 PE-TexRed or CD4 PerCP, CD8
PE-TexRed, CD8-PerCP, CD25-APC (BioLegend, San Diego,
CA), CDS8-FITC, CDS8-PE, or CD3-PerCP (BD, San Jose,
CA). Cells were incubated for 20 min at 4°C in staining
buffer (PBS, 0.5% BSA, and 0.01% sodium azide). The cell
suspensions were then washed, lysed, and permeabilized
for intracellular staining with anti-human-TGFp-FITC, Bcl-
2-FITC, active caspase 3-FITC, Ki67-PE-Cy7, Ki67-PerCP,
IENy-APC, IL17-FITC, and IL17-PE-Cy7 (BioLegend). The
tubes were incubated for 20 min at 4°C in the dark. Finally,
the cells were washed, fixed with 1% paraformaldehyde, and
analyzed in a flow cytometer (FACSAria III, BD) (Figure 1).

2.3. Statistical Analysis. Differences between patients with
and without GVHD were analyzed with a Kruskal-Wallis
test followed by Dunn’s multiple comparisons test, while
differences between donors before and after administration
of G-CSF were evaluated with a Mann-Whitney U test
(GraphPad Prism v5.0). Kaplan-Meier curves were used to
evaluate survival. p values <0.05 (), <0.01 (**), and <0.001
(* * *) were considered significant.

3. Results and Discussion

3.1. G-CSF-Based Mobilization Induces Proinflammatory
Cytokines but Not Cell Death. To detect whether mobilization
with G-CSF induces proinflammatory cytokines and/or cell
death, the expression of IFNy and IL-17 as inflammation
markers was determined, while Bcl-2 and active caspase-3
were used to evaluate the viability of CD4" and CD8" cells.
Determinations were performed on two groups of healthy
individuals: a control group (n = 6) and a group of G-CSF-
mobilized donors (n = 8). Results show that mobilization
induces an increase in the percentage of Thl (p < 0.001), Tcl
(p < 0.01), and Tcl7 (p < 0.05) cells. There was a trend to
increase in the percentage of Th17 cells (p = 0.08). It is worth
noting that this increase was higher in type 1 cells.
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TABLE 1: Patient characteristics.

Number of patient Sex Age (years) Disease Degree of GVHD
01 F 49 AML M2 I

02 F 32 NHL IIIB I

03 F 19 MDS v

04 M 55 MDS 11T

05 M 56 MDS CMV

06 M 44 AA 0

07 M 35 AA I

08 M 18 NHL HSV

09 F 26 AA I

10 M 39 AML M5 11T

11 M 28 ALLL2 111

12 F 18 AML M5 v

13 F 32 AA 0

14 F 37 AA Multiple bacterial infections
15 M 44 AML M2 III

16 F 46 Biphenotypic leukemia 0

17 M 29 AA 0

18 M 44 AA 11T

AA: aplastic anemia; AML: acute myeloid leukemia; MDS: hypoplastic myelodysplastic syndrome; NHL: non-Hodgkin lymphoma; ALL: acute lymphoblastic
leukemia; GVHD: graft-versus-host disease; HSV: herpes simplex virus; CMV: cytomegalovirus.

To assess whether mobilization affects cell viability, active
caspase-3 was determined as an apoptotic marker and Bcl-2
as an antiapoptotic marker. Results show that mobilization
does not induce death on both CD4" and CD8" T cells
(Figure 2).

GVHD is a process characterized by exacerbation of the
inflammatory immune response and absence of immune
regulation. In this context, CD8" cells play a fundamental
role due to their rapid reconstitution after allogenic HSCT,
as well as the fact that they constitute the major population
in the transplant recipients. For years these cells have been
considered preeminently cytotoxic, having the capacity to
secrete proinflammatory cytokines; however, recent data in
murine models indicate the existence of a subpopulation of
CD8" regulatory T cells with functional characteristics that
may contribute to control of GVHD [25-27].

There is an evident need to evaluate the effect of mobi-
lization on CD8" cells in donors and its correlation with
GVHD development in patients, since prior reports indicate
that G-CSF is able to induce diverse immunological profiles;
for example, some investigators propose that mobilization
promotes Th2 response while mitigating Thl response [28,
29], while others report that mobilization in mice induces
proinflammatory type 1 and type 17 cells [30]. Zhao et al.,
2011, conclude that, in in vivo human samples, G-CSF inhibits
production of Th17 cells in bone marrow (BM) and PB grafts
[31]. In our study a significant increase was observed in
the percentage of proinflammatory Thl: CD4"IFNy" (p <
0.001), Tcl: CD8'IFNy" (p < 0.01), and Tcl7: CD8IL-17"
(p < 0.05) cells and this increase was not significant in Th17
cells (p = 0.08). It is important to note that this increase was
higher in Thl and Tcl cells (Figure 2). These results indicate

that mobilization with G-CSF induces proinflammatory cell
types, and that this may affect patients who receive such cells.

3.2. G-CSF-Based Mobilization Induces an Increase in the Per-
centage of Proliferating and IL-10-Positive CD8" Cells. To find
whether mobilization with G-CSF induces anti-inflammatory
molecules and/or cell proliferation, the expression of the
regulatory molecules TGEp, IL-10, CD39, and CD73 was
evaluated, and Ki-67 was determined in CD4" and CD8" cells
from the control group (n = 6) and the group of mobilized
donors (n = 8). Results indicate that mobilization induces
an increase in the number of CD8'Ki-67" (p < 0.05) and
CDS8'IL-10" (p < 0.01) cells and that while the increase in
CD8"CD73" cellsis not significant, a trend was observed (p =
0.06). However, no differences or tendencies were observed in
regard to CD4" cells (Figure 3).

A significant increase was also observed in the percentage
of CD8'IL-10" cells (p < 0.01), indicating that a regulatory
phenotype was induced (Figure 3). This is consistent with
previous reports indicating that G-CSF-induces an increase
in the number of IL-10-positive cells, as well as other reports
in which the number of CD4" Treg and some of their
regulatory molecules also increased [32,33]. It is worth
noting that this increase was not induced in CD8*TGFf*
cells, a cytokine being widely recognized for its regulatory
role [34]. Other molecules evaluated in the present study that
are involved in immune regulation were CD39 and CD73
[35-37], but no significant differences were found. However,
a tendency to increase was found in the percentage of
CD8"CD73" cells (p = 0.06) (Figure 3), which may indicate
a Treg population since CD73 is a molecule which has been
extensively described as a marker of CD4 Treg and is known
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FIGURE 1: Characterization of CD8" cells by flow cytometry. (a) CD8" gating. (b)-(1) Determination of (b) IFNy; (c) IL-17; (d) CD25; (e)
FoxP3; (f) IL-10; (g) TGEp; (h) CD73; (i) CD39; (j) Bcl-2; (k) active caspase-3; and (1) Ki-67.
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FIGURE 2: Cell viability and proinflammatory cytokines in healthy donors mobilized with G-CSE. Determination of IFNy, IL-17, Bcl-2, and
active caspase-3 in peripheral blood CD4" and CD8" cells from a control group (1 = 6) and a group of G-CSF-mobilized donors (n = 8). Box
plots show population distribution and whiskers denote one standard deviation. A significant increase in the number of CD4"IFNy" (Thl),
CDS8'IFNy* (Tcl), and CD8*IL-17* (Tcl7) cells is observed; this increase is not significant in CD4*IL-17" (Th17) cells, but a marked tendency
is shown (p = 0.06). *P < 0.05; " P < 0.01; """ p < 0.001.

to carry out regulation via depletion of ATP in the medium  3.3. Donor-Patient Correlation. Having seen that mobiliza-
in order to inhibit activation [35]. This piece of information  tion with G-CSF induces an increase in type 1 and type 17
is important since there are no reports of the effect induced  cells, the next question was to determine whether the acti-
by G-CSF on this molecule, and this indicates induction ofa  vation status of these cells influenced GVHD development
regulatory phenotype in response to mobilization. in the patient. Two groups of patients, with and without
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FIGURE 3: Cell viability and anti-inflammatory molecules in healthy donors mobilized with G-CSFE. Determination of TGFf, IL-10, CD39,
CD?73, and Ki-67 in peripheral blood CD4*and CD8" cells from a control group (1 = 6) and a group of G-CSF-mobilized donors (n = 8).
Box plots show population distribution and whiskers denote one standard deviation. A significant increase is observed in the number of
CD8"IL-10" and CD8+Ki67" cells; the change in CD8"CD73" cells is not significant, but a marked tendency to increase is shown (p = 0.06);
no changes or tendencies are seen in marker expression in CD4" cells. *p < 0.05; **p < 0.01.

GVHD, were tested for correlations with donor response to
mobilization. The results obtained were not significant, but
a trend (p = 0.06) was observed in patients who receive a
higher percentage of Thl cells that are more susceptible to
develop GVHD (Figure 4).

Knowing that G-CSF may polarize into proinflammatory
and regulatory phenotypes and, even more notably, that type
1 and type 17 cells are induced, it was decided to examine
the donor-patient correlation in order to determine if a link
exists between the activation status of cells infused in the
patient and GVHD development. Donor cell response was
therefore tested for correlations with patients who developed
aGVHD and those who did not. No significant differences
were observed, but a tendency was noticed in the case

of CD8'IFNy" cells (p = 0.06), suggesting that donors
who respond to mobilization with a higher percentage of
these cells are the donors of patients who develop aGVHD
(Figure 4).

The following step was to follow up patients after allo-
geneic HSCT and to evaluate GVHD development. Three
groups of patients were evaluated: patients with active
GVHD, without GVHD, and with controlled GVHD. A wide
panel of biomarkers was studied on CD8" cells of these
patients, since this is one of the earlier cell populations to be
reconstituted after allogeneic HSCT [38].

3.4. CD8 Treg versus Tcl and Tcl7 Cells in Development
and Severity of GVHD. To evaluate the role of the cells
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that express proinflammatory or regulatory phenotypes in
GVHD development, regulation-related markers (TGEp, IL-
10, CD39, CD73, and FoxP3) and inflammation markers
(IFNy, IL-17, and CD25) were evaluated in patients without
GVHD, as well as patients with grade III or IV GVHD during
the active phase of the disease and once symptoms were
controlled (controlled GVHD). Eighteen patients entered
the study group; however, patients with CMV, aspergillus,
and/or herpes zoster virus (HZV) infection were excluded.
A higher percentage of unstimulated and stimulated Tcl cells
was observed in patients with active GVHD (p < 0.01
and p < 0.05, resp.), compared to those without GVHD
(Figure 5). On the other hand, Tcl7 cells increased in patients
with active and controlled GVHD, compared to patients
without GVHD, but this increase was evidenced only after
polyclonal activation with PMA and ionomycin. These results
suggest that Tcl and Tcl7 cells play a prominent role in
GVHD. A further aspect evaluated was the involvement of
CD8 Treg in GVHD development. To this end, cells described
as regulatory in other pathologies, that is, CD8"CD39",
CD8"TGFB*, CD8'IL-10%, CD8"CD25", CD8"CD73", and
CD8"FoxP3" cells, were evaluated. No significant differences
or tendencies were observed in the first four of these sub-
sets. On the other hand, the number of CD8"FoxP3" cells
increased in patients without GVHD compared to patients
with active or controlled GVHD (p < 0.01 and p < 0.05,
resp.). Interestingly, other cells involved in regulation (i.e.,
CD8"CD39") showed a tendency to increase in patients
without GVHD, compared to patients with either active or
controlled GVHD (Figure 5).

To evaluate induction of proinflammatory cytokines,
IFNy and IL-17 were determined. An increase in the percent-
age of Tcl cells was found in patients with active GVHD com-
pared to patients without GVHD, these differences occurred
at basal levels and in response to polyclonal stimulation (p <
0.01 and p < 0.05, resp.), their impact being greater at
basal levels (Figure 5). This is consistent with diverse reports
in human and murine models in which an increase in Thl
cells in PB and higher serum levels of IFNy are evidenced in
patients with GVHD [4, 5, 39, 40]. The role of Tcl7 cells was
also evaluated since these cells have recently been proposed
to be implicated in inflammation and were linked to GVHD
development and severity; however, results in human and
murine models are contradictory [41-43]. In the present
study, an increase in the percentage of Tcl7 cells was found
in patients with active GVHD compared to patients without
GVHD (p < 0.05). This is in agreement with data reported in
murine models [8]; however, it is important to note that this
increase was also found in patients with controlled GVHD
compared to those without GVHD (p < 0.05) and that in
both cases the increase was evidenced only after polyclonal
stimulation; this was unexpected. However, the fact that it was
seen only after polyclonal activation suggests that once the
disease is controlled, these cells do not receive damage signals
that induce them to migrate to target organs and therefore
are consequently found in PB. It should be made clear that
these cells are preferentially found in the mucosae. Moreover,
the group of Zhao et al. [44] found that the differentiation of
cytokine-producing Tcl and Tcl7 cells may be the key step
in the initiation of GVHD, whereas Thl and Thl7 cells are
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FIGURE 5: Determination of Tcl, Tcl7, and CD8* Treg in patients without GVHD, with active GVHD, and with controlled GVHD. Patients
with active GVHD show an increase in Tcl and Tcl7 cells, while patients without GVHD display an increase in CD8"FoxP3" cells compared

to patients with active or controlled GVHD. *p < 0.05; “*p < 0.01.

considered to be a pathophysiological factor leading to the
continuous aggravation of GVHD this antecedent support
our findings.

The following aspect to be evaluated was regulatory
molecules expression. A wide range of regulation-related
markers was determined, revealing the prominent role of
CD8Treg. A decrease in the percentage of these cells occurred
in patients with active GVHD compared to those without
GVHD (p < 0.01); a similar finding was observed in patients
with controlled GVHD but with a lower level of significance
(p < 0.05), probably indicating reconstitution of this cell
subpopulation (Figure 5). It is worth noting that there are
no data on the role of these cells in GVHD development in
humans; the only prior report is in murine models by Beres
et al,, 2012 [25], reporting this subpopulation as a possible
regulator of GVHD development. On the other hand, Zheng
et al. [45] found in a model of GVHD in humanized
mice how the allogenic-specific CD8 Treg controlled the
development of GVHD in an allospecific manner by reducing
alloreactive T cell proliferation, decreasing inflammatory
cytokines as IFNy, IL-17, TNF«, IL-6, IL-2, and IL-1§3 as

well as chemokine secretion through a CTLA-4 dependent
mechanism. Other reports on the role of CD8" Treg in
malignant tumors associate this subset of Treg cells with
poor prognosis as well as with the severity in multiple
sclerosis [16, 21, 22, 46]. Other regulatory molecules were also
evaluated such as TGFp, IL-10, and CD73 but no significant
differences were observed (data not shown), while a tendency
to decrease was seen in the percentage of CD8"CD39" cells
in patients with active GVHD, compared to those without
GVHD. This may imply that this subset of T cells plays a
prominent role in GVHD development. As far as today, the
only reports are available in murine models and show that
blocking CD73+ cells potentiates GVHD development [47],
while another study shows that Treg from CD73 KO mice
are less effective than WT Treg in suppression of GVHD
[48]. However, there is no information in regard to the
role of CD39 in GVHD development, and it was therefore
decided to analyze these molecules. No significant differences
were found, although a tendency to increase is observed in
the percentage of CD8"CD39" cells in patients with active
GVHD.
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FIGURE 6: Peripheral regulatory mechanism that controls the development of GVHD. The development of GVHD is characterized by
activation of T donor cells. Donor T cell activation results mainly in IFNy and IL-17 production; the IFNy promotes the increase of MHC,
adhesion molecules, nitric oxide release, and vasodilation and increased permeability. This results in further increases in antigen presentation
and activation and expansion of cytotoxic CD8" and CD4" T cells; these cells migrate to the target organs, where they mediate tissue injury
that leads to multiorgan failure. Nevertheless, there are subpopulations that can intervene at different stages of GVHD and control it; the
subpopulation named CD8" Treg can intervene and block activation and expansion of effector cells, through IL-10 and TGFp production

and expression of CD39; these cells reduce the inflammatory state.

Despite the significant progress that has been made
in understanding the role of CD8 Treg cells in GVHD
development, a number of questions remain. First of all, we
do not know if the CD8+FoxP3+ cells are able to suppress
the in vivo and in vitro immune responses. Secondly, the
major problem in the study of CD8+ Treg is the lack of
surface or intracellular specific markers that unequivocally
define these cells as suppressors. FoxP3 expression is not
exclusive to regulatory T cells and its expression is unstable.
For that reason, new markers for isolation and testing Treg
suppression function have to be found. Additional studies
are required to determine whether the CD8 Treg migrate to
GVHD target organs and determine if they are functional.

Although our results suggest a role for functional reg-
ulatory CD8 T cell population in the control of GVHD,
the mechanisms remain unknown, since apparently the
regulation may be independent of the classical molecules, that
is, TGF 3 or IL-10. A study on the detailed molecular response
of the CD8 Treg in similar controlled groups of donors must
be done to well understand the mechanisms of regulation of
the GVHD in allogenic transplants.

4. Conclusions

The recently described CD8 Treg subpopulation was identi-
fied by our working group for the first time in patients under-
going allogeneic hematopoietic transplantation, together
with its fundamental role in GVHD control in humans. The
results obtained show the important role of proinflammatory
Tcl and Tcl7 cells in GVHD severity and development. A
further finding is the polarizing effect of G-CSF in donors,
inducing proinflammatory Thl, Tcl, and Tcl7 cells and
anti-inflammatory CD8"IL-10" cells, which may affect early
GVHD development. Therefore, the use of Tcl and Tcl7 cells
as negative predictive indicators for development and severity
of GVHD and CD8 Treg as positive predictive indicators for
control of GVHD is proposed, as well as monitoring of these
cells in mobilized samples (Figure 6).

Disclosure

Rubén Lopez-Santiago and Martha Moreno-Lafont are
EDI and COFAA fellows. Rubén Lopez-Santiago, Jorge



10

Vela-Ojeda, Laura Montiel-Cervantes, Octavio Rodriguez-
Cortés, Vladimir Paredes-Cervantes, Raudl Flores-Mejia, and
Martha Moreno-Lafont are SNI fellows.

Competing Interests

The authors declare that they have no competing interests.

Acknowledgments

This study was sponsored by Consejo Nacional de Ciencia y
Tecnologia (CONACyT) (no. 82559) and Seccién de Estudios
de Posgrado (SIP) (no. 20140577).

References

[1] L. A. Welniak, B. R. Blazar, and W. J. Murphy, “Immunobiology

of allogeneic hematopoietic stem cell transplantation,” Annual
Review of Immunology, vol. 25, pp. 139-170, 2007.

[2] J. Ferrara and J. Levine, “A new approach to therapy for acute

[3

[8

]

GVHD; Cellular Therapy and Transplantation, vol. 1, no. 1, pp.
25-27,2008.

R. M. Saliba, M. De Lima, S. Giralt et al., “Hyperacute GVHD:
risk factors, outcomes, and clinical implications,” Blood, vol. 109,
no. 7, pp. 2751-2758, 2007.

H. Das, S. Imoto, T. Murayama et al., “Kinetic analysis of
cytokine gene expression in patients with GVHD after donor
lymphocyte infusion,” Bone Marrow Transplantation, vol. 27, no.
4, pp. 373-380, 2001.

X. P. Ju, B. Xu, Z. P. Xiao et al., “Cytokine expression during
acute graft-versus-host disease after allogeneic peripheral stem
cell transplantation,” Bone Marrow Transplantation, vol. 35, no.
12, pp. 1179-1186, 2005.

M. . Carlson, M. L. West, J. M. Coghill, A. Panoskaltsis-Mortari,
B. R. Blazar, and J. S. Serody, “In vitro-differentiated TH17
cells mediate lethal acute graft-versus-host disease with severe
cutaneous and pulmonary pathologic manifestations,” Blood,
vol. 113, no. 6, pp- 1365-1374, 2009.

J. M. Coghill, S. Sarantopoulos, T. P. Moran, W. J. Murphy, B.
R. Blazar, and J. S. Serody, “Effector CD4" T cells, the cytokines
they generate, and GVHD: something old and something new;”
Blood, vol. 117, no. 12, pp. 3268-3276, 2011.

L. W.Kappel, G. L. Goldberg, C. G. King et al., “IL-17 contributes
to CD4-mediated graft-versus-host disease,” Blood, vol. 113, no.
4, pp. 945-952, 2009.

[9] T. Korn, E. Bettelli, M. Oukka, and V. K. Kuchroo, “IL-17 and

Th17 cells;” Annual Review of Immunology, vol. 27, pp. 485-517,
2009.

[10] Y. T. Bryceson and H.-G. Ljunggren, “Lymphocyte effec-

(11

(12

]

J

tor functions: armed for destruction?” Current Opinion in
Immunology, vol. 19, no. 3, pp. 337-338, 2007.

Z. Fehérvari and S. Sakaguchi, “CD4" regulatory cells as a
potential immunotherapy;,” Philosophical Transactions of the
Royal Society B: Biological Sciences, vol. 360, no. 1461, pp. 1647-
1661, 2005.

R. K. Gershon and K. Kondo, “Cell interactions in the induction
of tolerance: the role of thymic lymphocytes,” Immunology, vol.
18, no. 5, pp. 723-737,1970.

L. Lu and H. Cantor, “Generation and regulation of CD8"
regulatory T cells,” Cellular & Molecular Immunology, vol. 5, no.
6, pp. 401-406, 2008.

(14]

(15]

(18]

(20]

(21]

(22]

[26]

[27]

Journal of Immunology Research

Y. M. Wang and S. I. Alexander, “CD8 regulatory T cells: what’s
old is now new;” Immunology and Cell Biology, vol. 87, no. 3, pp.
192-193, 2009.

S. G. Zheng, J. H. Wang, M. N. Koss, E Quismorio Jr., J. D.
Gray, and D. A. Horwitz, “CD4" and CD8" regulatory T cells
generated ex vivo with IL-2 and TGF-f3 suppress a stimulatory
graft-versus-host disease with a lupus-like syndrome,” The
Journal of Immunology, vol. 172, no. 3, pp. 1531-1539, 2004.

N. Chaput, S. Louafi, A. Bardier et al., “Identification of
CD8"CD25"FoxP3" suppressive T cells in colorectal cancer
tissue,” Gut, vol. 58, no. 4, pp. 520-529, 2009.

E. C. M. Zeestraten, A. Q. Van Hoesel, F. M. Speetjens et al,,
“FoxP3- and CD8-positive infiltrating immune cells together
determine clinical outcome in colorectal cancer,;”, Cancer
Microenvironment, vol. 6, no. 1, pp. 31-39, 2013.

K. R. Muthu Raja, L. Kubiczkova, L. Rihova et al., “Functionally
suppressive CD8 T regulatory cells are increased in patients
with multiple myeloma: a cause for immune impairment,” PLoS
ONE, vol. 7, no. 11, Article ID e49446, 2012.

K. R. Muthu Raja, M. Plasil, L. Rihova, J. Pelcova, Z. Adam, and
R. Hajek, “Flow cytometry-based enumeration and functional
characterization of cd8 t regulatory cells in patients with multi-
ple myeloma before and after lenalidomide plus dexamethasone
treatment,” Cytometry Part B—Clinical Cytometry, vol. 86, no. 4,
pp. 220-228, 2014.

B. Trinschek, F. Luessi, C. C. Gross, H. Wiendl, and H. Jonuleit,
“Interferon-beta therapy of multiple sclerosis patients improves
the responsiveness of t cells for immune suppression by regula-
tory T cells,” International Journal of Molecular Sciences, vol. 16,
no. 7, pp. 16330-16346, 2015.

G. Frisullo, V. Nociti, R. Iorio et al., “CD8"Foxp3* T cells
in peripheral blood of relapsing-remitting multiple sclerosis
patients,” Human Immunology, vol. 71, no. 5, pp. 437-441, 2010.

M. Bu, Y. Shen, W. L. Seeger et al, “Ovarian carcinoma-
infiltrating regulatory T cells were more potent suppressors of
CD8+ T cell inflammation than their peripheral counterparts,
a function dependent on TIM3 expression,” Tumor Biology, vol.
37, 10. 3, pp. 3949-3956, 2016.

M. Mahic, K. Henjum, S. Yaqub et al., “Generation of highly
suppressive adaptive CD8"CD25"FoxP3" regulatory T cells by
continuous antigen stimulation,” European Journal of Immunol-
0gy, vol. 38, no. 3, pp. 640-646, 2008.

R.J. Robb, K. E. Lineburg, R. D. Kuns et al., “Identification and
expansion of highly suppressive CD8"FoxP3" regulatory T cells
after experimental allogeneic bone marrow transplantation,”
Blood, vol. 119, no. 24, pp. 5898-5908, 2012.

A. J. Beres, D. Haribhai, A. C. Chadwick, P. ]. Gonyo, C. B.
Williams, and W. R. Drobyski, “CD8" Foxp3" regulatory T
cells are induced during graft-versus-host disease and mitigate
disease severity,” The Journal of Immunology, vol. 189, no. 1, pp.
464-474, 2012.

Y. Liu, Q. Lan, L. Lu et al,, “Phenotypic and functional charac-
teristic of a newly identified CD8"Foxp3~CD103" regulatory T
cells;” Journal of Molecular Cell Biology, vol. 6, no. 1, pp. 81-92,
2014.

A. Pierini, L. Colonna, M. Alvarez et al., “Donor requirements
for regulatory T cell suppression of murine graft-versus-host
disease,” The Journal of Immunology, vol. 195, no. 1, pp. 347-355,
2015.

O. Rodriguez-Cortés, J. Vela-Ojeda, R. Lopez-Santiago et al.,
“Granulocyte colony-stimulating factor produces a decrease



Journal of Immunology Research

[30]

(31]

(34]

(35

(36]

(37]

(38]

(39]

in IFNy and increase in IL-4 when administrated to healthy
donors,” Journal of Clinical Apheresis, vol. 25, no. 4, pp. 181-187,
2010.

Y. Nawa, T. Teshima, K. Sunami et al., “G-CSF reduces IFN-
y and IL-4 production by T cells after allogeneic stimulation
by indirectly modulating monocyte function,” Bone Marrow
Transplantation, vol. 25, no. 10, pp. 1035-1040, 2000.

G.R. Hill, S. D. Olver, R. D. Kuns et al., “Stem cell mobilization
with G-CSF induces type 17 differentiation and promotes
scleroderma,” Blood, vol. 116, no. 5, pp. 819-828, 2010.

X.-Y. Zhao, L.-L.Xu, S.-Y. Lu, and X.-J. Huang, “IL-17-producing
T cells contribute to acute graft-versus-host disease in patients
undergoing unmanipulated blood and marrow transplanta-
tion,” European Journal of Immunology, vol. 41, no. 2, pp. 514-
526, 2011.

E. S. Morris, K. P. A. MacDonald, V. Rowe et al., “Donor
treatment with pegylated G-CSF augments the generation of IL-
10-producing regulatory T cells and promotes transplantation
tolerance,” Blood, vol. 103, no. 9, pp. 3573-3581, 2004.

S.N. Ukena, S. Velaga, L. Goudeva et al., “Human regulatory T
cells of G-CSF mobilized allogeneic stem cell donors qualify for
clinical application,” PLoS ONE, vol. 7, no. 12, Article ID e51644,
2012.

M. O. Li, Y. Y. Wan, S. Sanjabi, A.-K. L. Robertson, and R. A.
Flavell, “Transforming growth factor- regulation of immune
responses,” Annual Review of Immunology, vol. 24, pp. 99-146,
2006.

S. Deaglio, K. M. Dwyer, W. Gao et al., “Adenosine generation
catalyzed by CD39 and CD73 expressed on regulatory T cells
mediates immune suppression,” The Journal of Experimental
Medicine, vol. 204, no. 6, pp. 1257-1265, 2007.

K. M. Dwyer, S. Deaglio, W. Gao, D. Friedman, T. B. Strom, and
S. C. Robson, “CD39 and control of cellular immune responses,”’
Purinergic Signalling, vol. 3, no. 1-2, pp. 171-180, 2007.

T. Gambichler, J. Patzholz, L. Schmitz, N. Lahner, and A.
Kreuter, “FOXP3+ and CD39+ regulatory T cells in subtypes
of cutaneous lupus erythematosus,” Journal of the European
Academy of Dermatology and Venereology, vol. 29, no. 10, pp.
1972-1977, 2015.

A. E. C. Broers, . W. Gratama, B. Léwenberg, and J. J. Cornel-
issen, “Lymphocyte recovery following allogeneic stem cell
transplantation: new possibilities for improvement;” Clinical
and Applied Immunology Reviews, vol. 2, no. 4-5, pp. 217-227,
2002.

H.-Y. Lai, T.-Y. Chou, C.-H. Tzeng, and O. K.-S. Lee, “Cytokine
profiles in various graft-versus-host disease target organs fol-
lowing hematopoietic stem cell transplantation,” Cell Transplan-
tation, vol. 21, no. 9, pp. 2033-2045, 2012.

A. Gutiérrez-Hoya, R. Lopez-Santiago, ]. Vela-Ojeda, L.
Montiel-Cervantes, O. Rodriguez-Cortés, and M. C. Moreno-
Lafont, “Determination of Th1/Th2/Th17 cytokines in patients
undergoing allogeneic hematopoietic stem cell transplantation,”
in New Advances in Stem Cell Transplantation, T. Demirer, Ed.,
pp. 83-102, Editorial Taner Demire, Istanbul, Turkey, 2012.

R. Broady, J. Yu, V. Chow et al., “Cutaneous GVHD is associated
with the expansion of tissue-localized Thl and not Thi17 cells,
Blood, vol. 116, no. 25, pp. 5748-5751, 2010.

L. Colonna, M. Florek, D. B. Leveson-Gower et al., “IL-17 gene
ablation does not impact treg-mediated suppression of graft-
versus-host disease after bone marrow transplantation,” Biology
of Blood and Marrow Transplantation, vol. 19, no. 11, pp. 1557-
1565, 2013.

(43]

[48]

1

A. B. Van der Waart, W. J. £ M. van der Velden, N. M.
Blijlevens, and H. Dolstra, “Targeting the IL17 pathway for the
prevention of graft-versus-host disease,” Biology of Blood and
Marrow Transplantation, vol. 20, no. 6, pp. 752-759, 2014.

K. Zhao, S. Ruan, L. Yin et al, “Dynamic regulation of
effector IFN-y-producing and IL-17-producing T cell subsets in
the development of acute graft-versus-host disease,” Molecular
Medicine Reports, vol. 13, no. 2, pp. 1395-1403, 2016.

J. Zheng, Y. Liu, M. Liu et al., “Human CD8+ regulatory T cells
inhibit GVHD and preserve general immunity in humanized
mice,” Science Translational Medicine, vol. 5, no. 168, Article ID
168ra9, 2013.

W. Zou, “Regulatory T cells, tumour immunity and immuno-
therapy;” Nature Reviews Immunology, vol. 6, no. 4, pp. 295-307,
2006.

L. Wang, J. Fan, S. Chen, Y. Zhang, T. J. Curiel, and B.
Zhang, “Graft-versus-host disease is enhanced by selective
CD?73 blockade in mice,” PLoS ONE, vol. 8, no. 3, Article ID
€58397, 2013.

H. Tsukamoto, P. Chernogorova, K. Ayata et al., “Deficiency

of CD73/ecto-5'-nucleotidase in mice enhances acute graft-
versus-host disease,” Blood, vol. 119, no. 19, pp. 4554-4564, 2012.



