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Drawback of Chimerism Analysis by XY-Fluorescence In situ
Hybridization: Deception of a Relapse

Abstract

Chimerism is monitored by various methods in posttransplant patients. Interphase fluorescence in situ
hybridization (FISH) for XY (sex) chromosomes is one of the methods commonly employed. It is a
sensitive method in terms of the number of cells analyzed. Chimerism testing is done to detect graft
rejection/failure which eventually may be a sign of relapse of the malignancy. The relapse of the
disease initially happens in the marrow and then spreads to the peripheral blood. Hence, performing
chimerism by XY-FISH in the peripheral blood may miss an early relapse. Here, we present one
such case where there was 98% donor chimerism with the evidence of relapse in the bone marrow
with all recipient metaphases in the bone marrow by conventional cytogenetics.
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Introduction

Chimerism is regularly monitored in
posttransplant patients, and the presence of
more than 95% chimerism indicates healthy
graft function.! The loss of chimerism on
follow-up indicates graft failure which may
be an early sign of disease relapse in the
allogeneic stem cell transplantation (ASCT)
for malignant disorders. = Chimerism
test can be performed in many ways.
The most commonly applied method is
the polymerase chain reaction (PCR)
amplification of short tandem repeats (STR).
In sex-mismatched transplants, interphase
fluorescence in situ hybridization for X and
Y chromosomes (XY-FISH) can be used
to detect chimerism in transplants with
opposite sex donors. We report a case of
acute myeloid leukemia (AML) who had
relapsed 2 years post-ASCT, in whom the
chimerism analysis by XY-FISH was stable,
but the conventional cytogenetics picked up
the recipient cells in all mitoses.

Case Report

A 17-year-old girl presented to us with
fever and on evaluation was diagnosed with
AML intermediate risk. FLT3, NPMI, and
BCR-ABLI were negative and conventional
cytogenetics showed abnormality of short
arm of chromosome 10 and long arm
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of chromosome 17 [46, XX, add (10)
(p15), del (17)(q21) [16)/ 46, XX [4]].
She received first induction 3 + 7 with
daunorubicin (DNR) 60 mg/m? for 3 days
as 1-h infusion and cytarabine 100 mg/m?
per day for 7 days as continuous infusion.
She was in morphological remission
at the end of first induction. She then
received the second induction 3 + 7 with
DNR 45 mg/m? (institutional protocol)
followed by one cycle of intermediate-dose
cytarabine with 1.5 g/m? for 6 doses. Then,
she underwent ASCT with her brother as
the donor, who was 10/10 human leukocyte
antigen match. The conditioning used was
fludarabine-melphalan. Posttransplant,
she developed acute graft-versus-host
discase (GVHD) of the gut which was
steroid responsive.

Chimerism analysis done by XY-FISH on
the peripheral blood at day 30 was 100%
donor. Day 100 chimerism by XY-FISH
was also 100%. Cyclosporine was tapered
and stopped at 4 months. Subsequently,
chimerism was monitored once in 6 months
by the peripheral blood XY-FISH, which
was all 100%. After a disease-free survival
of 2 years, she was diagnosed with a relapse
of AML. At the time of relapse, chimerism
was 98% utilizing XY-FISH [Figure 1],
but conventional cytogenetics showed
47 XX, +7, t (10,17) del (6) in 20
metaphases [Figure 2].
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Figure 1: XY-Fluorescence in situ hybridization analysis of the peripheral
blood at relapse; Probe used: Metasystems fluorescence in situ hybridization
probe (XA X/Y); Green: chromosome X; Red: chromosome Y — This figure
shows four cells with one red and green signals in each, which signifies
those cells is from a male (XY). One cell in the 3’0 clock position shows 2
green signals, which signifies that it belongs to a female (XX)

She received salvage with fludarabine, high-dose cytarabine,
filgrastim chemotherapy and had refractory disease at the
end of salvage, and subsequently, she succumbed to her
illness.

Discussion

Analysis of chimerism levels can be used to monitor the
proportion of donor and recipient cells after allogeneic
hematopoietic stem cell transplant (HSCT). It can
identify graft rejection and can predict early relapse
and GVHD.? There are various methods by which
chimerism can be estimated. These include XY-FISH,
conventional karyotyping, restriction fragment length
polymorphism (RFLP), red blood cell phenotyping, analysis
of STR by PCR, single nucleotide polymorphism analysis,
and Y chromosome PCR."

The sensitivity of XY-FISH for sex chromosomes is between
0.1% and 0.5% and conventional karyotyping is around
5%-10% for the detection of mixed chimerism.! XY-FISH
is done on interphase preparations with two differently
labeled probes for X and Y chromosomes. It allows for
rapid screening of many cells, and therefore, it is considered
that high sensitivity can be achieved. Conventional
cytogenetics depends on the culture of cells and analysis
of mitoses and successful analysis depends on the presence
of dividing cells and hence was considered to have low
sensitivity. The relapse of leukemia initially starts in the
bone marrow, and then, the leukemic cells spill over to the
peripheral blood. Hence, in the context of detecting relapse,
the sensitivity estimate of these methods is questionable.
In the early stage of relapse, in the peripheral blood, the
proportion of malignant cells is very low compared to the
normal donor cells. Consequently, the analysis by XY-FISH
would be done on majorly on donor cells which are in
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Figure 2: Conventional cytogenetics of bone marrow — 47XX, +7, t (10,17)
del (6) [20/20]

the GO phase, and hence, there is a chance to miss ecarly
relapse. Moreover, the leukemic cells tend to have a high
proliferative index, and hence, an interphase FISH would
miss such cells during analysis. However, in conventional
cytogenetics, the cells will be cultured, which leads to the
replication of the rapidly dividing malignant recipient cells
as compared to the quiescent donor cells and hence analyze
recipient malignant cells majorly. This is reflected in our
patient where chimerism by XY-FISH in the peripheral
blood was 98% donor cells; however, the conventional
karyotyping detected malignant recipient cells in all the
mitoses.

Studies are done comparing XY-FISH to PCR analysis
of Y chromosome-specific sequences and found that
the XY-FISH missed a significant number of relapses
compared to Y chromosome PCR.® In conditions
such as myelodysplastic syndrome and benign
conditions such as pregnancy, XY-FISH is as good
as conventional cytogenetics to detect chromosomal
abnormalities.’®) A study has been done for monitoring
of chimerism posttransplant and was found that FISH is
more sensitive.®! However, studies have not been done
comparing the utility of these in the context of detecting
relapse after ASCT.

We conclude that, in the context of detecting relapse after
allogeneic HSCT, XY-FISH might not be an ideal modality
for analyzing chimerism. Conventional karyotyping,
given its ability to select rapidly dividing cells, might
be better when compared to XY-FISH, but karyotyping
lacks sensitivity. Hence, more sensitive methods such as
RFLP, STR PCR, variable number tandem repeat, and Y
chromosome PCR which are the current standard of care
should be considered in the context of ASCT for malignant
disorders over XY-FISH.
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