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Acute graft-versus-host disease (GVHD) is an uncom-
mon but often fatal complication following liver
transplant. We describe a GVHD case in which a fe-
male patient with primary biliary cirrhosis under-
went a living-related liver transplant from her son.
The human leukocyte antigen typing of the donor was
homozygous at all loci. The recipient’s human leuko-
cyte antigen type was haplo-identical to that of the
donor. A bone marrow aspirate performed for pancy-
topenia revealed a severely hypoplastic marrow. Flu-
orescent in situ hybridization (FISH) using X- and
Y-chromosome probes demonstrated that 80% of
marrow cells were of donor origin. Comparison of
Giemsa-stained cell morphology and FISH showed
that the erythroid precursor cells were predomi-
nantly of male pattern (XY). This report is one of only
a few studies that prove the migration of a donor’s
hematopoietic stem cells to a recipient’s bone mar-
row. We demonstrated that FISH analysis using sex
chromosome probes is useful to confirm a diagnosis of
GVHD following organ transplantation from a donor of
the opposite sex. We also showed that donor hemato-
poietic stem cells in a liver graft can migrate to the
recipient’s bone marrow. We suggest that FISH is a rapid
and reliable test for confirming the diagnosis of GVHD
in a peripheral blood or skin biopsy sample. (J Mol
Diagn 2009, 11:355–358; DOI: 10.2353/jmoldx.2009.080172)

Acute graft-versus-host disease (GVHD) following liver
transplantation is a rare complication with a high mortality
rate.1,2 GVHD occurs when immunocompetent donor
lymphocytes originating from the transplanted organ un-
dergo activation and clonal expansion, reacting against
the recipient antigens. The clinical course begins with
fever or skin rash as an early sign, followed by pancyto-
penia, overwhelming sepsis, and death.3

The diagnosis of GVHD is a major challenge and
thus the condition often goes unrecognized. Detection
of donor lymphocytes in peripheral blood or bone mar-
row in high-level (�1%) is a key to early detection of
GVHD.1,3

Case Report

A 49-year-old white female with hilar cholangiocarcinoma
associated with primary biliary cirrhosis received a livin-
grelated liver transplant from her son. She received two
units of leukocyte-reduced packed red blood cells for
operative blood loss. Post-transplant immunosuppres-
sion was with mycophenolate mofetil, tacrolimus, and
prednisone. Her post-transplant course was complicated
by multiple embolic strokes 6 days after transplantation.
Four weeks after transplantation, she developed pancy-
topenia with nadir blood counts of hemoglobin 8.0 g/dL,
platelets 4 x 109/L, and leukocytes 0.2 x 109 cells per L.
Treatment with granulocyte-colony stimulating factor was
begun but there was no improvement in blood counts.

Six weeks after transplant, she developed diarrhea
and an erythematous maculopapular skin rash on her
back. The rash was biopsied and pathological findings
were consistent with GVHD. Computed tomography of
the abdomen showed thickened loops of small intestine.
The patient was diagnosed with GVHD and was treated
with methylprednisolone. She developed acute respira-
tory failure, worsening gastrointestinal symptoms, and
died 46 days after transplantation.

Materials and Methods

HLA Typing

HLA typing was performed by serological techniques for
HLA-A, HLA-B, HLA-C, HLA-DR, and HLA-DQ. The donor
(son) is homozygous for all loci (A1; B8; C7; DR17; DQ7).
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The recipient (mother) shared the haplotype (A1, 3; B8,
18; C7; DR 12, 17, DQ2, 7).

Histology and Cytology

Bone marrow biopsy and aspirate specimens were ob-
tained on day 28 and submitted for routine morphological
analysis. Fluorescent in situ hybridization (FISH) was per-
formed on the bone marrow smear specimen using di-
rectly labeled centromeric X- and Y-chromosome probes
(Vysis/Abbott Molecular, Des Plaines, IL). The probes
were hybridized on the smear using standard procedures,
followed by counterstaining with 4,6-diamidino-2-phenylin-
dole. Sequential FISH analysis of Giemsa-stained smears
was performed to investigate the genotype of the hemato-
poietic cells. Peripheral blood was obtained on the same
day and submitted for FISH analysis. In addition, a skin
biopsy obtained from an erythematous lesion was stained
with H&E.

Results

Bone Marrow/Peripheral Blood

The bone marrow revealed extreme hypocellularity with
occasional clusters of erythroid precursors (Figure 1A).
There were also small foci of lymphocytes, mostly T-cells
(Figure 1B). Of 500 bone marrow cells analyzed, 79.4%
showed one X and one Y signal, and 20.6% showed two
X signals. Of eight cells with erythroid precursor morphol-
ogy, four showed an XY signal pattern while one showed
an XX signal pattern (Figure 2, A and B). Another three
cells showed morphology of lymphocyte with an XX sig-
nal pattern (Figure 2, C and D).

Of 500 interphase nuclei analyzed, 89.4% showed an
XY signal pattern, and 10.6% showed an XX signal pat-
tern. Morphology and FISH comparison was successful
in two cells, one lymphocyte and one band neutrophil,
with an XY signal pattern in both cells (Figure 2, E–H).

Skin Biopsy

The morphological examination of skin biopsy revealed
lymphocytic infiltration in the epidermis, epidermal-der-
mal junction, and superficial dermis. Vacuolization and
spongiosis were seen in the basal layer of the epidermis.
Occasional individual cell necrosis was also noted in
keratocytes (Figure 3A). X- and Y-chromosome FISH
analysis revealed XX and XY patterns in the lymphocytes
occupying the perivascular spaces (Figure 3, B and C).
Lymphocytes with an XY signal pattern were also noted in
the epidermis.

Discussion

HLA match between donor and recipient is a significant
risk factor for GVHD in liver transplant.4 Although HLA
matching is not considered for organ assignment in ca-
daveric liver transplant, recipients of complete HLA-

matched grafts by chance appear to be at increased risk
of GVHD.3 The proposed mechanism for GVHD in these
cases is that hepatic lymphocytes in the well-matched
graft are not recognized as foreign by the recipient im-
mune system and survive to react against the recipient
tissues. Although close HLA matching is unlikely in ca-
daveric transplant given the random graft assignment, it
is much more common in living-related liver transplants.
The risk of GVHD seems to be exaggerated when a graft
from an HLA-homozygous donor is transplanted to a
haplo-identical recipient, ie, donor-dominant one-way
HLA match.5,6 The incidence of HLA homozygosity is
variable among different ethnic groups. It is reported to
be 1.6% among the Caucasian population, and 3.2%
among blood donors in Japan.6 Most GVHD cases in
living-related liver transplant have been reported from
Japan,5–8 where living-related transplant predominate
over cadaveric transplant due to ethical and/or cultural
concerns regarding the use of cadaveric transplant.

One of the earliest clinical findings of acute GVHD is an
erythematous skin rash.2,3 Routine skin biopsy may re-
veal typical histological features including lichenoid lym-
phocytic infiltrate vacuolar changes in the epidermal

Figure 1. A: Bone marrow biopsy reveals hypocellular marrow with serous
degeneration. A few aggregates of erythroid precursor are seen (H&E, mag-
nification � original �200). B: Immunohistochemical staining for CD3 show-
ing a cluster of T lymphocytes at peritrabecular space (magnification �
original �200).
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basal layer, and dyskeratosis. These features are highly
suggestive, but not pathognomonic for GVHD.9,10 A firm
diagnosis requires demonstration of chimerism from do-
nor lymphocytes in recipient tissue, peripheral blood
and/or bone marrow.3 The existence of donor lympho-
cytes can be demonstrated by HLA markers, PCR-based
microsatellite markers, or if the graft is from sex-mis-
matched donor, FISH analysis using sex chromosome
specific probes.10 Transient lymphocytic chimerism with-
out subsequent development of GVHD is common in

patients following liver transplant. Schlitt et al studied
post-liver transplant donor-derived lymphocyte popula-
tions in 16 patients. All recipients demonstrated between
1% and 24% donor lymphocytes 1 week after transplant.
In the second week, donor lymphocytes were detected in
8 of the 14 patients and ranged from 2% and 23%. After
the second week, donor lymphocytes were still detected
in two patients at very low number.11

A few cases of liver transplant with donor-derived he-
matopoiesis have been reported.12,13 It is not clear if this
is a rare event, or relatively common but not diagnosed
clinically. In the current case, the donor cell hematopoi-
esis was proven after the onset of the symptoms of
GVHD. Donor cell hematopoiesis may be a part of the
progression of GVHD. One patient had a long-term (17
month) survival with donor cell hematopoiesis, but with no
evidence of GVHD and graft failure.13

FISH analysis is commonly used to identify chimerism
following allogeneic bone marrow transplant. Quantitative
analysis of chimerism may help to detect relapse of the
disease, and to monitor the disease course. The proce-
dure can detect as low as 1% donor or recipient cells,
although simple demonstration of low-level chimerism
has little value for diagnosis of GVHD. HLA typing using

Figure 2. Comparison of Giemsa-stained morphology and FISH with X-chro-
mosome (green) and Y-chromosome (red) probes (magnification � original
�1000). A: Polychromic normoblast in bone marrow (Giemsa). B: FISH
analysis of the same cell reveals XY male (donor) pattern. C: Lymphocyte in
bone marrow (Giemsa). D: FISH analysis of the same cell reveals XX female
(recipient) pattern. E: Activated lymphocyte in peripheral blood (Giemsa). F:
FISH analysis of the same cell reveals XY male (donor) pattern. G: Band
neutrophil in peripheral blood (Giemsa). H: FISH analysis of the same cell
reveals XY male (donor) pattern.

Figure 3. A: Skin biopsy reveals lymphocytic infiltration in epidermis, epi-
dermal-dermal junction and superficial perivascular spaces. Occasional ker-
atocytes with eosinophilic necrosis are also seen in epidermis (H&E, magni-
fication � original �400). B: High-power view of superficial dermis with
perivascular lymphocytic infiltrate (H&E, magnification � original �1000). C:
FISH analysis with X- (green) and Y-chromosome (red) probes showing
mixture of XY and XX cells (magnification � original �1000).
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serology provides quantitative information of donor-de-
rived lymphocytes in the circulation of recipients. How-
ever, the method is not informative when the HLA type of
the donor is haplo-identical to that of the recipient. The
short tandem-repeat assay using PCR is another quanti-
tative method to analyze chimerism in the recipient. The
method has been used in bone marrow transplant pa-
tients to monitor engraftment, and was recently applied to
detect donor lymphocyte in liver transplant recipients.14

In contrast to these methods, FISH analysis can provide
morphological information, if necessary, in addition to the
origin of each hematopoietic cell. The major limitation of
FISH analysis based on sex chromosome probes is that it
can be applied only to the transplant cases with opposite
sex donors. Recent studies by Wu et al15 showed a novel
FISH approach to detect chimerism even in same-sex
transplant cases using copy number polymorphisms.
This approach, once standardized for routine clinical di-
agnosis, will help further understand the dynamics of
cellular chimerism after transplantation.

As in the present case, demonstration of a large num-
ber of donor-derived hematopoietic cells in bone marrow
and peripheral blood specimens is strongly suggestive of
GVHD. The effect of donor-derived hematopoiesis in re-
cipient bone marrow on GVHD is uncertain. FISH analysis
using sex chromosome probes is useful to confirm the
diagnosis following organ transplantation from a donor of
the opposite sex.
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