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Abstract

Purpose of the study. Thecontent of the graft plays a major role for theaarhe in patients undergoing
allogeneic hematopoietic stem cell transplantat{pt$CT). This retrospective study aims to assessdhela-
tion between the graft content and chimerism ontarel and on the other hand to find the predicidle of the
graft content on engraftment kinetiddaterial and method. Sixteen grafts were analyzed before transplantation
by flowcytometry and chimerism in terms of peradrionor cells was prospectively investigated &cffc time
points either by real-time polymerase chain reati{BCR) or by fluorescence in situ hybridizationSR). Cor-
relations between the two parameters were assdsseding SPSS 8.0 for WindovResults. There was no sig-
nificant correlation between the CD34+ progenit@antent of the graft and percent of donor cellshat investig -
ated time points. Instead, our data shows thafTtleell content of the graft correlated significantvith the per-
cent of donor cells on days +30 and +90. The reipedearson coefficients were r = 0.692 (p < 0.0h)day
+30 and r = 0.575 (p < 0.05) on day +90. A sign#itt correlation was also found between the CD34Haxn-
tent and time to engraftment (r = - 0.767; p < 0.0Riscussion. Chimerism is a predictive parameter used to as-
sess post-transplant disfunctions. The significantelations of the T cell graft content with thieiraerism can
further predict outcome. The higher the number BB&+ cells in the graft, the earlier the patientgeafts.

Key words. Allogeneic hematopoietic stem cell transplantatibmycytometry, chimerispengraftment.

Rezumat

Obiectivul studiului. Coryinutul grefonuluijoaci un rol important pentru evolia pacierilor supui
unui transplant alogenic de celule stem hematomaE{TCSH). Obiectivul acestui studiu retrospeetifost pe
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de o parte evaluarea corglai dintre coninutul grefonuluisi chimerismul post-transplant iar pe de @alparte
stabilirea rolului predictiv pe care 1l exerditcoryinutul grefonului asupra asupra kineticii de gre¢aMaterial

si metoda. Au fost analizate flowcitometri@isprezece grefoane Tnainte de transplant iar chisneul din punct
de vedere al procentului de celule de la donorsd fioel analizat prospectiv prin regia de polimerizare n lan
(real-time PCR) la momente prestabilite sau pribridizare fluorescerit in situ (FISH). Au fost analizate core-
lajiile dintre cei doi parametri utilizAnd ca softwapeentru prelucrarea statistica datelor SPSS 8.0 for Win-
dows.Rezultate. Nu a putut fi evidefmata o corelgie semnificatiy statistic intre connutul de celule CD34 din
grefongi procentul de celule de origine de la donor la nemele prestabilite de investigare a chimerismulli.
schimb, datele noastre evid&z: o corelgie semnificatid intre procentul de celule stem de la donor in ziua
+30 si + 90 respectiwi corvinutul de limfocite T din grefon. CoeficiéirPearson respectivi au fost r = 0.692 (p
< 0.01) in ziua +3Gi r = 0.575 (p < 0.05) in ziua +90. Coimutul in celule CD34 al grefonului s-a corelat sem

nificativ cu timpul de grefare (r = - 0.767; p <@L). Discuii. Chimerismul reprezidt un parametru predictiv
utilizat pentru a evidera disfungiile post-transplant. Corelgile semnificative dintre cgmut de limfocite T din
grefonsi chimerism compoit si ele o valoare predictiv. Cu cat nunirul de celule CD34 din grefon este mai

mare cu atat grefarea se produce mai precoce.

Cuvinte cheie: Transplant de celule stem hematopoietice alogdloiwcitometrie, chimerism, grefare.

Introduction

The stem cell graft, whether consisting
of bone marrow or growth factor-mobilized peri-
pheral blood mononuclear cells, contains a vari-
ety of cells which differ as to their function or
their capacity of survival in the host. The most
important cells in the graft though are the
CD34+ progenitor cells which have the capacity
of hematopoietic reconstitution after hematopoi-
etic stem cell transplantation (HSCT). An ad-
equate dose of CD34+ cells is necessary for
autologous as well as for allogeneic peripheral
blood stem cell transplants (PBSCT), in order to
ensure engraftment, a low content of CD34+
cells in the graft being associated with graft-fail
ure or graft insufficiency and consequently a
higher morbidity and mortality. Another import-
ant component of the graft are the lymphocyte
subpopulations, especially the CD3+ T cells
which proved to exert an important influence on
the outcome of HSCT; they induce on one hand
a negative effect by determining the graft versus
host disease (GvHD) and, on the other hand,
play a role in the graft versus leukemia (GvL) or
graft versus malignancy (GvM) effect.

The term chimerism refers to the pres-
ence of lymphohematopoietic cells of non-host

origin in the recipient (1). It has been well es-
tablished that after allogeneic HSCT, a dynamic
chimera is created by the presence of donor-de-
rived cells in the recipient. This status makes it
necessary to accurately assess the chimerism in
the patients’ blood or bone marrow in order to
provide key information on the presence of en-
graftment, on iminent rejection or even on re-
lapse (2). Since both chimerism status and graft
quality have been associated with the clinical
outcome of patients after allogeneic HSCT, the
aim of the present study was to determine the
correlation between the quality and cellular
content of the graft and the chimerism status
and implicitly the association with the post-
HSCT clinical outcome.

Material and methods

This is a retrospective study conducted
on a lot of sixteen patients with allogeneic
HSCT from matched related donors (MRD)
performed in the Center for Bone Marrow
Transplantation Timisoara between 2003 and
2008. In all donor-recipient pairs, HLA histo-
compatibility was 100%. Patients’ characterist-
ics are shown iable 1
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Table 1. Patients characteristics

Parameter

Number of patients/ transplants (percentag)

Number of patients
Age of patients
<5 years
5—-10 years
10 — 15 years
> 15 years

Donor/patient sex mismatch

Underlying disease
Acute lymphoblastic leukemia
Acute myeloid leukemia
Chronic myeloid leukemia
Severe aplastic leukemia
Chronic granulomatous disease

Chimerism analysiby RT-PCR
Chimerism analysiby FISH
Chimerism not assessed*

16

~NEFk,ON

6 (37.5%)

6 (37,5%)
5 (31,25%)
1 (6,25%)
3 (18,75%)
1 (6,25 %)

9 (56.25%)
6 (37.5%)
1 (6.25%)

* - not assessed due to death prior to day +30

Donors and stem cell harvest protocol

Bone marrow was collected from three
healthy sibling donors and administered unma-
nipulated to the respective recipients. In other
13 sibling donors, the stem cell harvest was per-
formed by mononuclear cell apheresis from the
peripheral blood after a prior mobilization regi-
men consisting of the administration of 10
ug/kg/day filgrastim (G-CSF). On thé& &nd &'
day of mobilization, mononuclear cell apheresis
was performed in order to reach a target dose of
5 x 10 CD34+ cells/ kg recipient but if this tar-
get could not be achieved, a dose of 3 % 10
CD34+ cells/ kg recipient was considered as ac-
ceptable for stable engraftment.

CD34+and CD3+ cell count in the graft

For each donor, two tubes were pre-
pared and processed in parallel from the peri-
pheral blood apheresis product (PBAP): (i)
double-staining CD34PE/ CD45PerCP and (ii)
triple-staining CD4FITC/ CD8PE/ CD3PerCP.
Samples were incubated with antibodies 20
min. in the dark, at room temperature. The next
step was the red cells lysis with BD Facs Lys-

ing solution followed by centrifugation 5 min at
300g, then cells washing with cell-wash, resus-
pension and acquisition of 100000 events. Cells
were acquired on a three-color FACS Calibur
flow cytometer (Becton Dickinson Biosciences)
equipped with a 488 nm laser and analyzed
with CellQuest 3.1 software.

Gating strategy applied for CD34+cells
detection was the two-platform ISHAGE protocol
(CD34+ cells are detected based on four paramet-
ers: CD45PerCP/CD34PE/side and forward single
light scatter). T-lymphocytes were determined as
the percentage of cells that reacts with anti-CD3
FITC (fluorescein isothiocyanate). T-lymphocyte
subpopulations expressing CD3+CD4+ and
CD3+CD8+ were calculated as percentages of
total lymphocytes CD3+.

Chimerism analysis

Analysis of chimerism in terms of de-
termination of the percentage of donor cells in
the recipient’s peripheral blood was performed
by real-time PCR in the case of donor-patient
sex match and by fluorescenicesitu hybridiz-
ation (FISH) for those cases with donor-patient
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Table 2. Descriptive statistics of the graft conten

CD34+ CD3+ MNC CD3+CD4+ CD3+CD8+
(x10°/kg) (x10%/kg) (x10%/kg) (x10%/kg) (x10/kg)
Number of patients 16 16 16 16 16
Mean 5.0667 2.6700 5.2560 1.4680 0.8160
Median 3.8700 3.2000 4.6000 1.1800 0.7400
Std. Deviation 2.6453 1.1976 2.7464 1.1954 0.6423
Minimum 2.30 0.30 0.88 0.12 0.05
Maximum 11.30 4.00 13.12 5.04 2.87

MNC = mononuclear cells contained in the graft

sex mismatch. Time-points of chimerism ana-
lysis were days: +30, +90, +180, +270, +365
post-transplant. The description of the em-
ployed methods for chimerism analysis was
presented by us in another recent publication
and therefore will not be detailed in this paper.

Statistical analysis

Data was analyzed by using SPSS 8.0.0
for Windows® software in order to establish
correlations (Pearson coefficient) between the
graft content and percentage of donor cells in
the peripheral blood of the recipient at specific
time-points after the HSCT. Scatter plots were
drawn in order to illustrate significance of cor-
relations. Correlation was assessed with the chi-
merism on time-points +30, +90 and +180 after
transplantation. Day O was considered the day
of the transplantation.

Results

Before the criopreservation procedure,
the graft was analyzed in terms of the CD34+
and CD3+, CD3+CD4+ and CD3+CD8+ cell
content. Descriptive statistics of the graft con-
tent are displayed ihable 2

The graft content, in terms of number
of CD34+ progenitor cells, varied among the
different patients and there was also a differ-
ence between stem cell sources, bone marrow
(BM) versus peripheral blood apheresis product
(PBAP). Overall, the median number of CD34+
cells was 3.87 x Fkg recipient with a minim-
um of 2.3 x 10kg recipient obtained from BM

and 11.3 x 1fikg recipient in a graft obtained
in the PBAP. Regarding the T cell content, the
grafts contained a median number of 3.2 x
10°/kg recipient with a minimum of 0.3 x
10°/kg recipient and a maximum of 4 x 1y
recipient.

Correlations were performed by using
SPSS 8.0.0 for WindowWssoftware in order to
determine whether there is a direct relationship
between the graft content (expressed in absolute
count of cells/kg recipient) and the global
quantitative donor chimerism (expressed in %
donor cells in the peripheral blood of the recipi-
ent) at the time points specified above. Since
the majority of patients presented either a tran-
sient mixed chimerism or a complete donor chi-
merism at day +180 post-transplantation, except
for 3 patients with a progressive mixed chimer-
ism, correlations were performed only up to day
+180 post-transplant. Our analysis showed that
there was no significant correlation between the
CD34+ content of the graft and donor chimer-
ism at the investigated timepoints. Instead, our
data shows that the T cell content of the graft
correlated significantly with the global chimer-
ism on days +30 and +90. The respective Pear-
son coefficients were r = 0.692 (p < 0.01) on for
day +30 and r = 0.575 (p < 0.05) on day +90 re-
spectively Figures 1 and 2 There was no sig-
nificant corelation between the two parameters
on day +180. In order to assess the effect of the
graft content on time to engraftment which, by
definition, is the time from the day of trans-
plantation (day 0) to the day when neutrophil
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CD3 graft content (x 10e8 / kg)
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Figure 3. Correlation CD3-chimerism (day +30)
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Figure 5. Correlation CD3-chimerism (day +90)
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Figure 9. Correlation of CD34 cell content and
engraftment

count is > 0.5 x 10 in the peripheral blood,
we correlated the CD34+ cell content of the
graft with the days needed to reach engraft-
ment. The correlation was significant and is il-
lustrated inFigure 3(r = - 0.767 and p < 0.01).
Neither the CD3+ cell content nor the mono-
nuclear cell (MNC) content did correlate with
time to engraftment.

Discussion

Because chimerism has a major predict-
ive value for the outcome of HSCT with respect
to engraftment, GvHD, graft rejection or fail-
ure, we aimed at assessing the relationship
between the graft content and chimerism and
the possible association between graft content
and engraftment time.

In order to obtain a sustained and com-
plete engraftment in the setting of allogeneic
HSCT the European Bone Marrow Transplant
Registry (EBMT) recommends a minimum of
2 — 3 x 16 CD34+ cells/kg recipient (3). It is
also widely accepted nowadays that the cell
content of the graft exerts a major impact on the
outcome of transplantation with respect to en-
graftment kinetics, development of acute and
chronic GvHD, graft rejection or graft failure
and implicitly chimerism (4 — 6, 8). Many stud-
ies which assessed this impact have issued a
series of conclusions, especially with respect to
the CD34+ cell content and the CD3+ T cell
content. It has been shown that cell content dif-
fers when comparing BM with PBAP as a stem
cell source, the PBAP containing up to a 5 fold
higher total number of nucleated cells, 3 — 4
times more CD34+ cells and 10 — 20 times
more CD3+ lymphocytes compared to BM (6).
Another study published by Briones et al. showed
that allogeneic PBSCT with T-cell depleted grafts
lead to a significantly higher percent of complete
donor chimerism in the recipients as compared
with allogeneic bone marrow transplantation
(BMT) using T-cell depleted allografts. The reas-
on for this was associated with the higher content
of CD34+ progenitors in the PBSC graft when
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compared to BM grafts, the T-cell count after de-
pletion being similar in the two mentioned stem
cell sources used (7). This hypothesis was also
supported by another study group which revealed
a rate of complete chimerism of only 25% in the
T-cell depleted BMT cohort as compared with
97.4% in the T-cell depleted PBSCT cohort, due
to the increased amount of CD34+ progenitor
cells in the latter (8).

In our study we observed that there was
no significant correlation between the CD34+
progenitor cell amount in the graft and the chi-
merism assessed at time-points +30, +90, +180
which, of course, does not diminish the role
which the amount of CD34+ progenitors from
the graft plays for donor cell engraftment but it
neither sustains the hypothetic predictive value
of the graft CD34+ cell content for the kinetics
of the chimerism after transplantation.

Major concerns have been raised re-
garding the relationship between the T cells in
the graft and GvHD or between the low number
of this lymphocyte subset in the graft and graft
failure. Some studies focused on the different T
lymphocyte subsets showing that the CD8+
lymphocyte subset is actually involved in the
GvHD and that the depletion of these cells from
the graft would preserve the GvL effect (5). The
amount of CD3+ T-cells in the graft remain a
leading cause for acute and chronic GvHD and
it has also a direct impact on engraftment kinet-
ics (4-6, 8). In order to improve engraftment
kinetics in children receiving T-cell depleted al-
lografts for inherited metabolic storage dis-
eases, Gaipa et al. reintroduced a small amount
of CD3+ cells back in the initially T-cell de-
pleted graft in order to have enough T cells to
favor engraftment and on the other hand being
on the "safe side” by preventing GvHD. The
same procedure was employed by other centers
as well, showing that T cells play a major role
in influencing donor engraftment, alloreactivity
of donor cells and implicitely chimerism which
has proved to be highly predictive for the out-
come of HSCT (9).
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Since there is not sufficient data in lit-
erature regarding the direct relationship of the
initial graft T-cell content at the time of trans-
plantation and the kinetics of chimerism, our
data revealed some interesting isskégures 1
and 2show that there is a significant correlation
between the CD3+ cell amount and the global
chimerism on day +30. There was a stronger
correlation with the donor chimerism on day +
30, correlation which diminished in time, prob-
ably due to the fact that the majority of the pa-
tients reached full donor chimerism or had a
transient mixed chimerism with a decreasing
pattern starting with day +90 towards day +180.

Regarding the relatioship between the
CD34+ progenitor cell amount in the graft and
time to engraftment, our findings confirm data
published in literature. The higher the number
of CD34+ progenitors, the earlier did the pa-
tients engraftFigure 3 shows the inverted cor-
relation between the two parameters with a neg-
ative Pearson coefficient.

Overall our data support other similar
results published in literature making the graft
content an important predictive tool for the out-
come of patients with matched related donor al-
logeneic transplantation. The T cell content of
the graft can predict the percentage of donor
cells in the peripheral blood of recipients in the
first three months after the transplantation, this
way providing information regarding the poten-
tial of the graft to produce a complete donor cell
engraftment. Further research is mandatory in or-
der to find the optimal CD34+ progenitor and
lymphocyte subset graft content for the major
goals of transplantation: short time of engraft-
ment, sustained engraftment, good antitumor ef-
fect but concomitant avoidance of GvHD.
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Abbreviations

BM = bone marrow;

BMT = bone marrow transplantation.

FISH = fluorescenci situ hybridization;

FITC = fluorescein isothiocyanate;

G-CSF = granulocyte - colony stimulating factor;
GvHD = graft versus host disease;

GvL = graft versus leukemia effect;

GvM = graft versus malignancy;

HLA = human leukocyte antigen;

HSCT = hematopoietic stem cell transplantation;
MRD = matched related donor;

PBAP = peripheral blood apheresis product;
PBSCT = peripheral blood stem cell transplants;
PCR = polimerase chain reaction.
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