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Clinical Utlity of Chimerism Status Assessed by Lineage-Specific Short Tandem Repeat
Analysis: Experience from Four Cases of Allogeneic Stem Cell Transplantation

Ri-Young Goh, M.S.!, Sung-Suk Cho, M.T'!, Yoo-Jeong Song, M.S.!, Kyeong Heo, M.S.!, Sung-Yong Oh, M.D.?, Sung-Hyun Kim, M.D.2,
Hyeok-Chan Kwon, M.D.2, Hyo-Jin Kim, M.D.2, and Jin-Yeong Han, M.D.!

Departments of Laboratory Medicine' and Internal Medicine?, Dong-A University College of Medicine, Busan, Korea

Chimerism testing permits early prediction and documentation of successful engraftment, and
also facilitates detection of impending graft rejection. In this study, we serially monitored chimerism
status by short tandem repeat-based PCR in nucleated cells (NC), T cells and natural killer (NK) cells
after myeloablative allogeneic stem cell transplantation (SCT). Four patients with myeloid malignan-
cies showed discrepant chimerism results among those three fractions. Three patients had mixed
chimerism (MC) of donor/host T cells at a time point around the onset of chronic graft-versus-host
disease (GVHD). In two patients with disease relapse, MC of NK cells preceded a morphological
relapse or NK cells showed a higher percentage of patient cells compared to NC. Therefore, our
study shows that chimerism analysis in lineage-specific cells might be useful in predicting clinical
outcome after allogeneic SCT in certain patients. (Korean J Lab Med 2009,29:277-81)
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INTRODUCTION The existence of donor cells in the peripheral blood (PB)

of patients (chimerism) in the post—transplant period is

Allogeneic hematopoietic stem cell transplantation an important prognostic indicator of rejection, relapse or

(HSCT) has become a well-established treatment moda— graft-versus—host diseases (GVHD) [2]. The goal of HSCT

lity for many malignant and nonmalignant diseases [1]. is to create a 100% donor origin, because any decrement

) , raises the possibility that the patient may be at risk for
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show discrepant chimerism results among different cell

fractions, They reveal complete chimerism (CC) in one cell

) recipient—derived, constituting so called ‘split chimerism’
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For chimerism analysis, methods that are time consum—
ing and/or have low sensitivity, such as based on analy—
ses of erythrocyte antigens, leukocyte isoenzymes or con—
ventional cytogenetics, have been replaced in recent years
by DNA technologies. PCR—based analysis of short tan—
dem repeats (STR) or variable number of tandem repeats
(VNTR) polymorphisms is one of the most widely used
techniques [5].

There have been a few reports about split chimerism or
discrepant results among various cell lineages after mye—
loablative HSCT. In this study, we observed that chime—
rism status of different cell lineages such as nucleated
cells (NC), T cells and natural killer (NK) cells varied in

four cases with myeloid malignancies.

CASE REPORTS

1. Chimerism analysis

T cells (CD3+) and NK cells (CD56+) were separated from
PB using RosetteSep antibody cocktail (Stem Cell Tech—
nologies, Vancouver, BC, Canada) according to the man—
ufacturer's recommendation with minor modifications.
NC were isolated on density gradient centrifugation using
Ficoll-Paque (d=1.077 g/mL, Pharmacia, Sweden). Genom—
ic DNA was extracted from NC, CD3+ and CD56+ cells
using QIAamp Blood Kit (Qiagen, Chatsworth, CA, USA).
Chimerism studies were performed using the AmpFISTR
Identifiler PCR Amplification Kit (Applied Biosystems, Fos—
ter City, CA, USA). PCR products were then analyzed using
ABI 310 Genetic Analyzer (Applied Biosystems), Quantifi—
cation of the fluorescence and calculation of the precise
DNA fragment size were made with the genotyper soft—
ware (Applied Biosystems). The percentage of donor and
recipient DNA was calculated from individual proportions
of donor and recipient peak areas in relation to the sum—
mation of all signals from each pair of informative STR
markers,

Clinical and medical records of the patients were care—
fully reviewed. All of the four patients received myeloab—

lative condition regimen (busulfan 130 mg/m? plus flu-
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darabin 40 mg/m?. Written informed consent was ob—

tained from all patients,

2.Case 1

A 32—yr—old male was diagnosed as AML without mat—
uration in September 2004. Karyotyping of 20 bone mar—
row (BM) cells revealed a 46,XY pattern. Immunofluores—
cence typing of gated leukemic blasts showed positivity
for CD7 (82.8%), CD33 (61.3%) and MPO (92.7%). The patient
received PBSCT (CD34+ cells, 6 10%/kg) from an HLA-
identical sibling donor on March 2005. Eight informative
STR loci were found between the donor and recipient. He
engrafted on day 21, On day 248, chimerism analysis of
NC, T cells and NK cells showed all CC. However, on day
371, NC showed 100% donor origin, while 46.2% of T cells
were recipient cells. NK cells could not be obtained because
of small volume of samples. On day 553, chimerism moni—
toring showed that NC and T cells were 35.2% and 100%
donor origin, respectively, while NK cells were host ori—
gin (Fig. 1A, arrows). On the same day, BM smear revealed
40% of myeloblasts. Chronic GVHD was observed contin—
uously since day 247 and he died of relapse on day 571.

3.Case 2

A 29-yr—old male was diagnosed with chronic phase of
CML in May 2005. All 20 analyzed metaphase using G—
banding method had 46,XY,t(9:22)(q34;q11.2). FISH anal-
ysis using the LIS BCR/ABL dual color, dual fusion probe
(Vysis, Downers Grove, IL, USA) showed 99.4% of gene
fusions. The patient was treated with Imatinib mesylate
(STI571: Glivec or Gleevec), but only a minor cytogenetic
response was seen, Thus, he underwent PBSCT (CD34+
cells, 7.58x10%/kg) from an HLA—identical sibling donor
on January 2006. Eight informative STR loci were found
between the donor and recipient. On day 291 post—trans—
plant, both NC and NK cells showed CC, but T cells were
27.5% host origin, and chronic GVHD was observed on the
same day (Fig. 1B, arrow). All chimerism analysis there—

after showed donor cells,
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4, Case 3

A 19—-yr—old male was admitted on September 2005 with
complaints of fever, cough, easy bruising and gum bleed—
ing. He was diagnosed with AML with 1123 abnormali—
ties. Immunophenotyping of BM aspirates showed expres—
sion of CD13 (82.8%), CD33 (61.3%), CD34 (30.1%) and MPO
(92.7%). Chromosome study showed an abnormal kary—
otype: 46,XY,del(11)(@23) in all 20 cells analyzed. FISH
studies were done using the LSI MLL dual color, break
apart rearrangement probe (Vysis) and revealed a single
MLL gene rearrangement (one fusion signal plus one split
signal) in 96.6% of interphase cells. The patient underwent
unrelated BMT with 3.02x 105/kg CD34+ cells on March
2006, The donor was a 29—yr—old male and had one HLA
(Cw)—mismatch. Fifteen informative STR loci were found
between the donor and recipient. NC and T cells achieved
full donor type, but NK cells were 3.4% recipient type on
day 189 (Fig. 1C, arrow). On day 190, blasts appeared in
BM (54.5% of all NC), whereas PB blasts were not observed.
He died of pneumonia on day 237.

5.Case 4

A 47-yr—old male was diagnosed as MDS, refractory

cytopenia with multilineage dysplasia in August 2006,
Karyotyping analysis of 20 cells from synchronized BM
cultures was normal. He underwent allogeneic PBSCT
(CD34+ cells, 5.32%10%/kg) from his 60—yr—old brother
in November 2006, Pre—transplant engraft monitoring
showed nine informative STR markers, Serial monitoring
of chimerism showed that NK cells were continuously 100%
donor origin, but T cells showed 29.0%, 19.5%, and 18.5%
recipient origin on day 32, 93, and 119, respectively (Fig.
1D, arrows). NC also showed 7.2% recipient origin briefly
on day 32. Chronic GVHD was observed continuously from
day 130 to 220. He died of cytomegalovirus (CMV) pneu—
monia about 15 months after PBSCT.

DISCUSSION

Chimerism analysis is now routinely performed and
considered as an indicator for the recurrence of malignant
or nonmalignant diseases [6]. Several studies have been
performed during the last 20 yrs, and the consensus is that
mixed chimerism (MC) is more associated with graft rejec—
tion than CC [7, 8]. The aim of this study was to analyze
lineage—specific cell chimerism by multiplex STR ampli—
fication, thus evaluating the status of engraftment and

predicting the outcome of allogeneic HSCT. In the present
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study, we could confirm the usefulness as well as discrep—
ancy of lineage—specific chimerism in at least four cases
of myeloid malignancies.

In one AML case, 54.5% of blasts appeared in BM, where—
as PB showed no blasts. In this patient, NK cell chimerism
preceded a morphological relapse. Zeiser et al. [9] report—
ed that conventional chimerism analysis had lower sen—
sitivity of less than 3% compared to less than 0.1% of lin—
eage—specific chimerism analysis. They also found that
chimerism status in CD34+ and CD3+ cells was compar—
atively sensitive and specific for relapse at mean interval
of 24 days in patients with myeloid malignancies. Miura
et al. [10] reported similar results that MC in T cells and
NK cells could be frequently observed in patients with a
disease relapse.

Another AML patient with lineage discrepancy in chi—
merism, where 64.8% of NC and 100% of NK cells of host
origin and 100% of T cells of donor origin were observed,
was consistent with a disease relapse. Baron and Sand—
maier [5] found that low levels of donor T cell and NK cell
chimerism on day 14 were associated with increased prob—
abilities of graft rejection and that earlier establishment
of donor NK cell chimerism was associated with an im—
proved progression free survival in patients who had un—
dergone non—myeloablative SCT. Similar results were
reported by Mattes—Martin et al, [11], suggesting that the
chimerism status in NK cells on day 28 might be able to
identify patients at high risk for late graft rejection. It is
not clear why MC of NK cell fractions preceded a morpho—
logical relapse in these AML patients. Those myeloblasts
did not show CD56 positivity at diagnosis in either of cases.
However, we could not totally exclude the possibility that
the blasts expressed a low level of aberrant CD56 from
the onset, or acquired the aberrant marker during treat—
ment or relapse. Specific enrichment of myeloid cell frac—
tions would render the assay more sensitive to detect a
disease progression.

Data from Michallet et al. [12] showed a significant cor—
relation between chimerism status and overall survival as
well as the incidences of acute and chronic GVHD, Matts—
son et al. [13] reported that about 82% of their patients
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had MC for donor/host T cells at the onset of acute GVHD,
Acute GVHD was not observed in our study and three
cases had MC of T cells at a time point around the onset
of chronic GVHD, while NC and/or NK cells showing CC.
Types of conditioning regimens and post—transplant im—
munosuppression, methods used to collect cellular sub—
sets and sensitivity of chimerism analysis all appear to
affect the status of MC after SCT. Our results supplement
additional data on this controversial subject.

In the previous studies, there have been quite few reports
about split chimerism or discrepant results among vari—
ous cell lineages. In this study, we observed that chimerism
status of different cell lineages such as NC, T cells and
NK cells varied in the four cases with myeloid malignan—
cies. Chimerism analysis on fractionated cellular subpop—
ulations could address the contributions of the different
cell lineages in the engraftment and relapse processes. It
is obvious that analysis of leukocyte subsets is time con—
suming and can not be performed routinely. However, in
high risk patients or in situations lacking other suitable
disease markers, sequential chimerism analysis in leuko—
cyte subsets might be useful for the early detection of
relapse, thus facilitating the monitoring of therapeutic

intervention,
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