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ABSTRACT

Background: Acute graft-versus-host disease (aGVHD) is an important cause of death following allogeneic
hematopoietic stem cell transplantation (allo-HSCT). The association between cholesterol and aGVHD was
previously
described
potentially
resulting
from
pro-inflammatory
responses
associated
with
hypercholesterolemia. The aim of this study was to correlate T-cell subsets in donor bone marrow (BM)
samples with their levels of cholesterol and associate these results with recipients who developed aGVHD and
those who did not.
Materials and Methods: A prospective study was performed in 39 donor samples. T-cell subsets were
analyzed by flow cytometry.
Results: Eleven (28%) donors had hypercholesterolemia. Donor samples with hypercholesterolemia had less
Tregs compared to donors with normal levels of cholesterol (22.69 (IQR=30.6) cells/µL vs 52.62 (IQR=44.68)
cells/µL, p=0.04). Among all the cohort, aGVHD was observed in 21%: 36% from donors with
hypercholesterolemia versus 14% from donors with normal levels of cholesterol.
Conclusion: As we described the association between hypercholesterolemia and diminished Tregs, our results
might suggest that normalizing the levels of total cholesterol in the donor, prior performing allo-HSCT, might
be an effective approach to diminish the risk of the receptor to develop aGVHD.
Keywords: Tregs; Acute graft-versus-host disease; Hypercholesterolemia; Allogeneic hematopoietic stem cell
transplantation

INTRODUCTION
Worldwide, the rate of allogeneic hematopoietic
stem cell transplantation (allo-HSCT) is increasing1,2
despite its association with increased morbidity and
non-relapse mortality (NRM). Among the
complications, for instance, hypercholesterolemia
has been reported to be a consequence of alloHSCT3-5. Nonetheless, acute graft-versus-host
disease (aGVHD) remains the second leading cause
of death following this procedure 6. In this context,
some authors have reported a decreased frequency
of aGVHD using statins, as a result of their anti-

inflammatory effects7-11, however, the direct
association between high cholesterol and GVHD
was not described until last year when we reported
that hypercholesterolemia in the recipients, donors,
or both, prior allo-HSCT was associated with
increased frequency of this post-transplant
complication12. This phenomenon could be
potentially explained because hypercholesterolemia
is associated with pro-inflammatory responses,
thus, potentially leading to increased aGVHD.
Moreover, it is known that depletion of regulatory T
cells (Tregs) is associated with worsening of GVHD,
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as first described by Taylor et al.13, thus, Tregs are
essential for the induction of tolerance to alloantigens, which has been widely demonstrated in
murine models14, while preserving the beneficial
graft-versus-leukemia effect15. Further, Tregs have
the immunosuppressive ability to regulate of
immune responses16. Rezvani et al.17 found that
increased frequencies of CD4+Foxp3+ Tregs in the
peripheral blood of the donor negatively correlated
with the incidence of GVHD in the graft recipient.
Subsequent studies have confirmed this correlation
in the recipients of HLA-identical sibling and
unrelated donor stem cell grafts18,19, indicating that
infused donor Tregs in graft contents appear to
lessen the severity of GVHD.
In order to further investigate a potential
mechanism of the pro-inflammatory effects of
hypercholesterolemia potentially causing aGVHD,
the aim of this study was to correlate Tregs in donor
bone marrow (BM) samples with their levels of
cholesterol and associate these results with
recipients who developed aGVHD and those who
did not.
MATERIALS AND METHODS
Patients, donors, and data
A prospective analysis was performed in 39 donor
bone marrow (BM) samples collected from March
2002 to April 2017. Data (demographic and clinical
characteristics) were obtained from a prospectively
created
institutional
HSCT
database
or
retrospectively from the Institutional medical
records. Exclusion criteria included incomplete
laboratory information, cord blood transplants,
engraftment failure or 30-day mortality.
Stem cells harvesting
Twenty-three bone marrow samples collected from
2002 to 2014 were thawed; afterwards, samples (20
mL) were immediately processed and analyzed.
These samples derived from the harvesting of HSCs
collected by multiple aspirations of the iliac crests,
in an operating room, under spinal anesthesia, 2
hours prior performing the HSCT. G-BM was
obtained by administering G-CSF (10μg/kg/day) to
donors, 3 days prior the collection and the day of
the collection (4 days total). The volume of harvest
was adapted to the recipients’ body weight (BW)
(maximum 15 ml/kg donors’ BW). For PBSC, HSCs
were collected by apheresis with the administration
of G-CSF for 5 days.
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Stem cell transplantation
Most patients with hematological malignancies
received reduced BUCY2 (busulfan 12 mg/kg, ORAL
and cyclophosphamide 80mg/kg, IV) [16] which is a
reduced intensity conditioning regimen (RIC), the
rest received other myeloablative regimens (MAC).
Patients
with
aplastic
anemia
received
antithymocyte
globulin
(ATG)
and/or
cyclophosphamide based conditioning regimens.
Methotrexate (MTX) and cyclosporine A (CSA) were
given for GVHD prophylaxis. MTX was administered
IV, 15mg/m2 day +3, and 10mg/m2during days +6
and +11. None of the patients received MTX on day
+1 [17]. CSA was administered IV, 1.5mg/kg/12
hours, during day -1 and adjusting according to
serum levels (200-300 ng/μl) until 2005; afterwards
CSA was administered orally (IV presentation was
withdrawn from the market), 10mg/kg during day 1, and 5 mg/kg starting day 0, adjusting according to
therapeutic monitoring. CsA was maintained for 4
months post-transplant (8 months in aplastic
anemia), and was subsequently reduced weekly
(10%), until suspended, unless development of
GVHD. Antimicrobial prophylaxis and supportive
therapy were given according to Institutional
guidelines. Patients were discharged when
engraftment occurred and in the absence of
infections or complications and follow-up was
performed in the out-patient clinic.
T-Cells Subsets Isolation
BM mononuclear cells (BMMCs) were obtained by
density-gradient centrifugation (Lymphoprep, Oslo,
Norway). BMMCs were stained with anti-CD4-FITC
(BD Biosciences, San Jose, CA). Intracellular staining
was performed. After fixation and permeabilization
(Cytofix/Cytoperm Kit, BD Biosciences, San Jose,
CA), cells were stained with either anti-IL-17A-PE,
anti-IFNγ-APC, anti-IL4 PECy7 or anti-FOXP3-PE (BD
Pharmingen, San Jose, CA). Data were collected on
a LSR Fortessa cytometer (BD Biosciences, San Jose,
CA) and analyzed using FlowJo (version 10, Tree Star
Inc., Ashland, OR). The absolute count of T-cells was
calculated accounting the percentages obtained by
flow cytometry and both, leukocyte and lymphocyte
BM absolute counts.
Endpoints and definitions
Total cholesterol in the recipient and the donor was
documented approximately 1 month prior
performing HSCT as part of the pre-transplant
workup. High cholesterol was considered as total
cholesterol ≥ 200mg/dL, according to international
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guidelines 20. NIH criteria was used to diagnose and
evaluate severity of acute GVHD 21.

pro-inflammatory profile with increased Th17cells
(1051.35 (IQR=79.76) cells/µL vs 530.94 (IQR=18.78)
cells/µL, p=0.03), and although no statistically
significant, a pattern of deficient suppressor
response with lower Tregs (26.88 (IQR=143.94)
cells/µL vs 47.21 (IQR=44.25) cells/µL, p=0.7) was
observed.
As depicted in Table 2, donors with
hypercholesterolemia presented higher levels of T
cells subsets compared to donors with normal levels
of cholesterol, showing statistically significant
differences in Th1 and Tregs. In this context, donor
samples with hypercholesterolemia showed a
decreased suppressive phenotype characterized by
diminished Tregs compared to donors with normal
levels
of
cholesterol
(22.69
(IQR=30.6)
cells/µLvs52.62 (IQR=44.68) cells/µL, p=0.04)
(Figure 1).

Statistical analysis
Continuous variables were described by the median
and interquartile range using the frequency
analysis. Categorical variables were described by
frequencies and percentiles. Comparison between
variables was made by means of Student’s t test or
one-way ANOVA. Categorical variables were
compared with the chi-square or Fisher’s exact test.
SPSS v.21 (IBM, Chicago, IL) was used. Two-sided pvalue of <0.05 were considered significant.
RESULTS
Thirty nine donor bone marrow samples were
analyzed as described in Table 1. From the 39
donors, 11 (28%) had hypercholesterolemia and 28
(72%) has normal levels of cholesterol.
Patients having donors with normal levels of
cholesterol were younger than patients with whose
donors presented hypercholesterolemia. All
patients had a matched-related donor. The most
common source was G-BM (n=28, 72%), followed by
SS-BM (n=10, 26%). Gender disparity was observed
in 44%. Acute leukemias were the most frequent
underlying diseases (n=14, 36%), followed by
aplastic anemia (n=9, 23%). Most patients received
myeloablative or reduced intensity conditioning
regimens (77%). Median CD34+ cells was similar
between both groups.
Among all the cohort, acute GVHD was observed in
8 recipients (21%): 4 recipients (36%) from the 11
donors with hypercholesterolemia versus 4
recipients (14%) from the group of donors with
normal levels of cholesterol (n=28). In all the
cohort, indistinctively from the level of cholesterol,
acute GVHD was characterized by a predominant
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Table 1. Patient demographic and clinical characteristicsaccording to donor cholesterol level
Cholesterol level

Characteristics
< 200mg/dL
≥ 200mg/dL
Number
28
11
Patient gender
Male
15 (54)
7 (64)
Female
13 (46)
4 (36)
Patients’ median age
23 (IQR=13)
43 (IQR=15)
Disease
Acute leukemias
8 (29)
6 (55)
Aplastic anemia
6 (21)
3 (27)
Chronic myeloid leukemia
5 (18)
0
Myelodysplastic syndrome
5 (18)
1 (9)
Others
4 (14)
1 (9)
HLA status
Matched related donor
28 (100)
11 (100)
Matched unrelated donor
0
0
Gender disparity
None
13 (46)
9 (82)
Female receptor, male donor
7 (25)
1 (9)
Male receptor, female donor
8 (29)
1 (9)
Conditioning regimen
Myeloablative/RIC
22 (79)
8 (73)
Non-myeloablative
6 (21)
3 (27)
Source
G-BM
23 (82)
5 (45.5)
SS-BM
5 (18)
5 (45.5)
PBSC
0
1 (9)
Median CD34+ x (106/kg)
1.89 (IQR=0.97)
1.87 (IQR=1.5)
GVHD
Acute
4 (14)
4 (36)
Grades I-II
2 (4)
1 (9)
Grades III-IV
2 (4)
3 (27)
Abbreviations: G-BM: G-CSF-primed bone marrow; MDS: Myelodysplastic syndrome; PBSC: Peripheral blood stem cells;
RIC: Reduced intensity conditioning; SS-BM: Steady-state bone marrow

Table 2. T-cell profile according to cholesterol levels in donor BM
samples
Cholesterol level
≥ 200mg/dL

T- cell profile (cells/µL)

< 200mg/dL

Th 1
Th 2
Th17
Tregs

655.24 (IQR=802.3)
54.04 (IQR=47.19)
14.53 (IQR=27.06)
52.62 (IQR=44.68)

368.74 (IQR=255.4)
23.07 (IQR=29.1)
11.30 (IQR=18.7)
22.69 (IQR=30.6)

p

0.04
0.18
0.18
0.04

Figure 1. Tregs in donor bone marrow samples according to total
cholesterol levels
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DISCUSSION
This is the first study associating T-cells subsets
with cholesterol levels in the context of allo-HSCT.
Our results showed that bone marrow samples of
donors with normal levels of cholesterol displayed a
more suppressive phenotype, with increased
percentages of Th2 and Tregs, compared to donors
with hypercholesterolemia. Acute GVHD was higher
in patients whose donors had hypercholesterolemia
and we demonstrated that BM samples of the latter
showed a less favorable immunologic profile
characterized by diminished Tregs. The proportions
of Th1 and Th17 cells were similar despite
cholesterol levels.
Tregs are critically involved in the maintenance of
immune tolerance to self and in the control of
immune and autoimmune responses22. GVHD is
characterized by the development of autoimmune
manifestations as a result of the loss of tolerance in
this context, thus, a deficiency in Tregs
reconstitution plays a critical role in its
pathophysiology. Overall, T-cells are receiving
growing interest as major regulators of certain
metabolic diseases such atherosclerosis. Guasti et
al. [23] investigated if the percentage of CD4 + cell
subsets was expressed differently between
dyslipidemic patients and healthy controls and
whether treatment with atorvastatin could be
associated with cell changes in expression and
functional response. The authors found that
although at the beginning, Tregs were similar
between the two groups, these cells were
significantly correlated with total cholesterol,
showing a decrease in patients with dyslipidemia at
the second follow-up visit23. Further, it has been
described that prolonged hypercholesterolemia
impairs the function of Tregs and that cholesterol
lowering therapies could induce dynamic and
beneficial changes in this T-cells subset24.
We acknowledge that the small sample size
represents a limitation of this study and larger
studies are needed, however, our results represent
an approach to further understand one of the
potential mechanism of hypercholesterolemia
increasing aGVHD.

Tregs, our results might suggest that normalizing
the levels of total cholesterol in the donor, prior
performing allo-HSCT, might be an effective
approach to diminish the risk of the receptor to
develop aGVHD, especially among Mexican or
American
populations
where
dyslipidemia
represents a public health concern25,26.

CONCLUSION
In conclusion, as aGVHD substantially contributes
to the morbidity and mortality after allo-HSCT,
more effective prevention strategies are needed,
and after potentially explaining the association
between total cholesterol levels, inflammation, and
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