
Identification of a Cardiac Allograft
Rejection Marker Using Microarray
Gene Expression Analysis in
Lymphocytes From Heart Transplant
Patients

To the Editor,

The diagnosis of graft rejection is one of the fundamental
aspects of caring for patients with heart transplantation.
Endomyocardial biopsy (EMB) has important limitations, as
it is an invasive procedure, with variable interpretation and

limited sensitivity.1-3 Thus, it would be of interest to have a
noninvasive diagnostic method that facilitates follow-up of
patients with heart transplantation.

The gene expression patterns of peripheral blood lymphocytes
may represent a highly sensitive, highly specific tool that would
identify patients who present rejection and avoid the
inconvenience of EMB. We present the preliminary results of
a study performed to determine a set of candidate genes for
use in a noninvasive molecular expression test with peripheral
blood to detect cardiac graft rejection.

The experiments to analyze gene expression were conducted
with 6 peripheral blood samples taken from heart transplant
recipients on the day of EMB. Rejection was diagnosed
according to the International Society of Heart and Lung
Transplantation (ISHLT) classification.4 Three of the samples
corresponded to patients with rejection (ISHLT Grade ≥2
ISHLT rejection) and three to patients without rejection (ISHLT
Grade 0 rejection). The blood samples were collected in tubes
containing a solution for RNA stabilization (PAXgene Blood
RNA Tubes, Qiagen) and stored at –80oC until the time of
analysis.

Genetic tests were performed with Affymetrix microarrays
(GeneChip Human Genome U133 Bonus 2.0 Array).
Differences in the expression of 262 genes were found when
using the GeneSpring comparison algorithm. Two-dimensional
hierarchical cluster allows verification of the presence of
differential expression patterns consisting of samples with
rejection compared to the control samples. Of these 262 genes,
Table lists the candidate genes.

Five metabolic pathways with at least 2 genes of modified
expression level were found. These metabolic pathways were:
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TABLE 1. List of 23 Genes in Which a Significant Modification in Gene Expression Was Found*

Systematic P-value Fold Change Gene title UniGene ID

202483_s_at .0362 0.72 RAN binding protein 1 24763

222435_s_at .0329 0.38 Ubiquitin-conjugating enzyme E2, J1 (UBC6 homolog, yeast) 163776

204115_at .0329 1.83 Guanine nucleotide binding protein (G protein), gamma 11 83381

204081_at .0327 2.27 Neurogranin (protein kinase C substrate, RC3) 524116

213095_x_at .0316 0.56 Allograft inflammatory factor 1 76364

200087_s_at .0315 0.43 Coated vesicle membrane protein /// coated vesicle membrane protein 75914

209201_x_at .0312 0.62 Chemokine (C-X-C motif) receptor 4 421986

217877_s_at .0308 0.62 Hypothetical protein SP192 238432

200614_at .0303 0.56 Clathrin, heavy polypeptide (Hc) 491351

224644_at .0302 0.47 Homo sapiens, clone IMAGE:5278517, mRNA 517821

201453_x_at .0264 0.63 Ras homolog enriched in brain 283521

228959_at .026 0.64 CDNA clone IMAGE:5262734, partial cds 296031

207305_s_at .0259 0.55 KIAA1012 202001

212429_s_at .0256 0.53 General transcription factor IIIC, polypeptide 2, beta 110kDa 75782

1557905_s_at .0254 0.58 CD44 antigen (homing function and Indian blood group system) 502328

200729_s_at .0232 0.37 ARP2 actin-related protein 2 homolog (yeast) 393201

200009_at .023 0.45 GDP dissociation inhibitor 2 /// GDP dissociation inhibitor 2 299055

225225_at .023 0.46 Homo sapiens, clone IMAGE:5274897, mRNA 351680

200607_s_at .0229 0.58 RAD21 homolog (S. pombe) 81848

227621_at .0226 0.36 Wilms tumor 1 associated protein 446091

202603_at .0202 0.35 A disintegrin and metalloproteinase domain 10 172028

217825_s_at .0123 0.56 Ubiquitin-conjugating enzyme E2, J1 (UBC6 homolog, yeast) 163776

239205_s_at .00254 1.69 Complement component (3b/4b) receptor 1 334019

*The first column, Systematic, refers to the probe identification number in the U133plus Affymetrix chip. P-value is the significance value of the expression change
observed. The fold change indicates the degree of expression change (1 represents no change, <1 indicates repression, >1 overexpression of gene). Gene title is
the name of the gene. UniGene ID is the identifier of this gene in the GenBank database.



apoptosis (4 genes), MAP-kinase pathway (5 genes), B cell
receptor signaling pathway (2 genes), hematopoietic cell lineage
(2 genes), signaling pathway, and T-cell receptor signaling
pathway (2 genes).

The results are consistent with the hypothesis of immune
system stimulation implicated in the rejection of transplanted
organs. Horwitz et al5 used a similar method, finding that
CFLAR, a gene implicated in the apoptotic pathway, was altered
in patients with transplant rejection. Similar results were
obtained by Deng et al,6 who found alterations in the expression
of genes related to the MAP-kinase pathway, apoptosis, and
T-cell receptors.

In conclusion, this exploratory study in heart transplant
patients found differences in gene expression between patients
with and without rejection. Of the five pathways showing genes
with altered expression, the apoptotic and MAP-kinase pathways
appeared to have the highest number of affected genes. The
low number of study samples limits the interpretation of the
findings. Nevertheless, we consider that the results of this
preliminary work justify the expectations placed in this
promising strategy, which may contribute to the development
of a molecular test to monitor immunosuppressive therapy in
patients who have undergone transplantation.
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Postinfarction Intramyocardial
Dissecting Hematoma After
Percutaneous Coronary
Revascularization

To the Editor,

Intramyocardial dissecting hematoma (IMDH) is a rare
condition that can occur after cardiac trauma or, more
frequently, following myocardial infarction, and is considered
by some to be a form of subacute cardiac rupture. Spontaneous
onset of IMDH in sporadic cases has also been reported.
Intramyocardial dissecting hematoma tends to be more frequent
in patients with acute myocardial infarction with ST segment
elevation, and has been associated with reperfusion injury
following infarction, mainly after thrombolysis or percutaneous
revascularization.

A 61-year-old man with a history of exertional angina and
ex-smoker came to the hospital for chest pain with
electrocardiographic changes, ST segment elevation in II, III,
and aVF and depression in V2 through V4, and elevated cardiac
enzymes (creatine kinase [CK], 1981 U/L; troponin-T, 1.66
ng/dL). In the emergency room, he again presented chest pain,
coinciding with an episode of atrial fibrillation and accentuation
of the electrocardiographic changes; emergency cardiac
catheterization was performed. Coronary angiography showed
mild left ventricular dysfunction due to moderate posterobasal
hypokinesia and mitral regurgitation, proximal occlusion of
the circumflex artery, with irregularities in the anterior
descending and right coronary arteries, but no significant
lesions. The patient underwent revascularization, aspiration,
and intracoronary stent implantation with abciximab
administration, as well as aspirin 100 mg/day, clopidogrel 75
mg/day, and intravenous enoxaparin 30 mg and 1 mg/kg/12 h
thereafter. One day after surgery, he presented 2:1 atrial flutter
with hypotension that was treated with electrical cardioversion.
However, he remained hypotensive with no response to
expansion and therefore, required positive inotropic drugs.
The echocardiogram showed mild pericardial effusion with
no signs of cardiac tamponade, ejection fraction of 45% with
posterolateral hypokinesia, and moderate mitral regurgitation.
Due to the patient’s worsening condition, he was intubated
and placed on mechanical ventilation, later undergoing
transesophageal echocardiography that showed LV ejection
fraction of 40%, with posterolateral hypokinesia, grade III/IV
mitral regurgitation, mild pericardial effusion, and an
intramyocardial hypoechoic area in the posterolateral wall
consistent with an IMDH. Color Doppler ultrasound confirmed
the absence of a defect with the pericardium or the endocardial
cavity (Figure 1A). Follow-up echocardiography was
performed at 3 weeks, revealing an aneurysm in the area
corresponding to the IMDH, that caused distortion of the mitral
subvalvular apparatus (Figure 1B) and severe mitral
regurgitation.
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