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INTRODUCTION
The diagnosis of acute graft versus host disease (GVHD) is based on clinical criteria which
may be confirmed by biopsy of one of the three target organs (skin, gastrointestinal tract or
liver). The severity of acute GVHD is graded clinically from I – IV using a standardized system
that evaluates three principal target organs1, with increased mortality rates with significant
GVHD (grades II – IV).2

There is no validated diagnostic blood test for acute GVHD, although multiple blood proteins
have been described as potential biomarkers in small studies.3–23 Differences in any single
protein have lacked sufficient specificity and sensitivity to be of clinical use. Although recent
mass spectrometric (MS) profiling of urine24,25 and serum26 demonstrate the presence of
spectral patterns associated with GVHD, these approaches do not identify specific proteins.
We have previously reported a quantitative analysis of a number of potential biomarkers for
GVHD in the plasma of a small number of patients.27 However, no study has developed a
simple non-invasive test that indicates GVHD in a sufficient large number of patient samples
that would allow determining its significance with respect to clinical outcomes.

The complex pathophysiology of GVHD28 suggests that plasma proteins involved in multiple
processes such as T cell alloreactivity, inflammation and tissue damage and repair might be
altered in the patient with the disease. Further, the dynamic nature of the circulatory system
and the ease with which the blood can be sampled makes it a logical choice for biomarker
applications. Blood components include various cellular elements such as immunologic cells,
leukemic cells, cell-free DNA and RNA, proteins, peptides and metabolites. Proteins that are
detectable in plasma or serum form the basis of commonly used test to screen and monitor
several cancers, such as prostate-specific antigen (PSA) for prostate cancer or Ca125 for
ovarian cancer. The goal of having such biomarker in the blood for the diagnostic and
prognostic of acute GVHD has not yet been achieved.

ONE PROTEOMICS DISCOVERY APPROACH
Experimental design has a crucial role in a successful biomarker search. The first step is the
choice of the most informative specimens and the adequacy of matching between cases and
controls to avoid bias. This goal is best achieved through a database containing high quality
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samples linked to quality-controlled clinical information. At the University of Michigan in
2000 we initiated a repository that currently contains approximately 8000 samples from 850
individuals. Blood was drawn at approximately weekly intervals in the first two months after
HCT. We analyzed these samples using an antibody microarray containing arrayed antibodies
to 120 human proteins that targeted diverse classes of proteins including acute phase reactants,
cytokines, angiogenic factors, tumor markers, leukocyte adhesion molecules, and
metalloproteinases or their inhibitors and we hypothesized that samples from patients whose
GVHD was severe would be most likely to yield informative biomarkers. We first performed
a discovery study that compared samples from 21 patients with severe acute GVHD
(GVHD+ severe) to samples from 21 patients without GVHD who were similar in age, intensity
of the conditioning regimen (reduced versus full), donor source (related versus unrelated) and
time of sample acquisition. The 35 biomarkers that demonstrated the most significant
differences between groups are shown in Figure 1.29

VALIDATION STRATEGIES FOR DISCOVERED PROTEIN BIOMARKERS
The path from discovery to approval for use in clinical is arduous for any biomarker. The
biomarker validation process is long and need several steps, although more direct than the
discovery step. The validations studies have obstacles of their own. Most noteworthy is the
paucity of affinity-capture agents such as high-quality antibodies with the required affinity and
specificity for the target. The number of samples needed for validation also increases as the
biomarker advances though the phases, hence the need of high-throughput assays. The most-
relied on approach for validation remains the sandwich enzyme-linked immunosorbent assay
(ELISA) which is highly specific because of the use of a pair of antibodies against the candidate
protein. In our study, a sequential ELISA protocol was used to maximize the number of
measured analytes per sample. This sequential protocol measures multiple analytes per plasma
sample by re-using the same aliquot consecutively in individual ELISA plates. Another level
of validation is the use of a statistical validation set which is a portion of the data set used to
assess the performance of classification or prediction models that have been fit on a separate
portion of the same data set: the training set. Both the training and validation set are randomly
selected, and the validation set is used as a more objective measure of the performance of
various models that have been fit to the training data.

RATIONAL DESIGN OF BIOMARKERS PANELS FOR GVHD DIAGNOSTIC
It is clear that single biomarker lack the sensitivity and specificity needed for most clinical
applications. Specificity and sensitivity are best represented by a Receiver Operating
Characteristic (ROC) curve which is a plot of the false positive rate on the x axis and true
positive rate on the y axis for every possible level of a marker. A perfect test would have a
ROC curve that is a right angle demonstrating 100% of true positives and no false positives.
In this case, the corresponding Area Under the Curve (AUC) will equal 1. A random test will
have an AUC of 0.5 meaning that there is one false positive for every true positive. A
biomarkers panel might include a candidate biomarker that may otherwise be dismissed if in
initial studies it provides modest sensitivity. This biomarker may be valuable if it is informative
with respect to a particular subset of subjects. For example, in our study, logistic regression
models determined that a linear combination of values for IL-2Rα, TNFR1, HGF and IL-8
levels produced the best model to predict the occurrence of acute GVHD. The ROC curves of
these four biomarkers and the composite biomarker panel are shown in Figure 2, with an AUC
for the composite biomarker panel of 0.91 [95% CI, 0.87 – 0.94]. Levels of IL-2Rα and TNFR1
primarily contributed to the accuracy of the model (p < 0.001 and p = 0.003, respectively).
When logistic regression models were used to determine whether the four biomarker panel
provided prognostic information HGF was the only marker that predicted maximum GVHD
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grade (p = 0.003) and both HGF and IL-2Rα were associated with specific target organs (p =
0.03 and p = 0.04).

CLINICAL APPLICATIONS
Physicians are interested in low and high risk groups for developing GVHD and the
significance of these groups with respect to clinical outcomes. In our study we divided patients
in the training set into two high and low risk groups based on their predicted probabilities for
developing GVHD. We determined the threshold for high so that the false positive rate did not
exceed 5%. We then asked whether the four biomarker panel described above provided
prognostic information regarding (i) the eventual maximum grade of GVHD and (ii) non-
relapse mortality (NRM) and overall survival (OS).

(i) In the training set, the low risk group consisted primarily of patients with grade 0 GVHD
as shown in Figure 3A. Only a few patients had GVHD grade I–IV. In the high risk group, less
than 10 % of patients had GVHD grade 0, whereas most patients had GVHD grade I–IV.
Importantly, these results were very similar in the validation set, where the model predicted
the GVHD grade of those patients without knowledge of their clinical symptoms (Figure 3B).

(ii) Non-relapse mortality (NRM) and overall survival (OS) for low and high risk groups are
shown in Figure 4. When adjusted for age, donor type, HLA-match and intensity of
conditioning, the differences in NRM between the two groups were highly significant (p =
0.001, Figure 4A). When we applied the same definition to the validation set, the false positive
rate in the high risk group was 6%. The NRM between groups was again significantly different
when adjusted for all four variables (Figure 4B, p < 0.001). These two groups also experienced
significantly different OS in both the training set (Figure 4A, p = 0.006, adjusted) and validation
set (Figure 4B, p = 0.02, adjusted).

A SECOND PROTEOMICS APPROACH FOR TARGET ORGAN SPECIFIC
BIOMARKERS

A variety of mass spectrometry (MS)-based proteomic approaches have recently been used in
an attempt to diagnose GVHD with promising results.24–26 An advantage of these approaches
is that identification of proteins does not depend on the availability of antibodies as in the case
of microarrays. These MS-based techniques do have inherent disadvantages such as the lack
of identification of specific proteins, their labor intensity, lack of speed and the limited
sensitivity for low abundant proteins. Newer technologies such as tandem-MS make such
techniques more attractive. Given the low abundance in serum or plasma of the known GVHD
individual markers, the issue is whether current proteomic technologies provide sufficient
depth of analysis for novel biomarker discovery. Three studies using current tandem mass
spectrometry (MS/MS) technologies have shown that proteins in low concentration are
identified in plasma.30–32

There are no plasma biomarkers that are specific to any of the three target organs of acute graft
versus host disease (GVHD): skin, GI tract and liver. We sought to identify a biomarker that
is specific for GVHD of the skin in an initial discovery step using an intact proteomic analysis
system (Figure 5). We compared plasma pooled from ten patients with GVHD only of the skin
(sGVHD) to plasma pooled from ten patients with no GVHD to plasma pooled from ten patients
with GVHD only of the GI tract. Of four candidate proteins that were both significantly elevated
only in the plasma of sGVHD patients and that could be measured by ELISA, we selected
elafin, an epidermal proteinase inhibitor that is induced by TNF-α and found in inflamed
epidermis in diseases such as psoriasis. We therefore measured levels of elafin in individual
samples of the discovery set, confirming that they were significantly higher in plasma from
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patients with sGVHD compared to patients presenting only with GI GVHD or without GVHD,
respectively. We next analyzed a validation set of > 400 plasma samples from allogeneic BMT
patients transplanted at the University of Michigan. Elafin levels were two fold higher in plasma
from patients with sGVHD as compared to plasma from patients without GVHD. We next
analyzed whether elafin levels provided prognostic information regarding (i) eventual
maximum stage of GVHD skin, (ii) transplant-related mortality and (iii) overall survival. For
this purpose, we divided the patients into 2 groups using a threshold level of elafin that provided
85% specificity. The group with the high levels of elafin developed more severe skin GVHD
(maximum stage) than the group with low levels. Patients with high elafin levels also
experienced greater transplant-related mortality (TRM) at 1 year. Patients with high elafin
levels also experienced lower overall survival (OS) at 1 year. this study suggests that a
biomarker such as elafin that is specific for a target organ (skin) can be discovered and validated
and can provide important diagnostic and prognostic information, that could eventually be
useful in modifying our therapeutic options.
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Fig 1. Antibody array heatmap of discovery set samples
This heatmap depicts relative protein values obtained from antibody microarrays after removal
of batch effects due to three separate analyses. Samples from 21 GVHD–patients (left panel)
and 21 GVHD+ patients (right panel) are represented. Only the antibodies giving the 35
smallest p-values for differences between GVHD+ and GVHD– patient plasma are shown. P-
values compare GVHD+ and GVHD–samples. Reproduced with permission from reference
31.
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Fig 2. Receiver Operating Characteristic (ROC) curves of four individual discriminator proteins
and the composite panel in the training set
Individual ROC curves for IL-2Rα (- - - -), TNFR1 (——), HGF (  ) and IL-8 ( ) and
the composite panel (———). Reproduced with permission from reference 31.
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Fig 3. Low and high risk groups correlate to GVHD grades
The blue boxes represent the low risk groups and the red boxes the high risk groups in the
training (Panel A) and validation (Panel B) sets. The filled blue colors represent the GVHD
grade 0 and the filled red colors the GVHD grade 1–4.
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Fig 4. Non-relapse mortality (NRM) and overall survival (OS) stratified by the biomarker panel in
the training set (Panel A) and validation set (Panel B)
In Panel A, the cumulative incidence of NRM and OS (determined by Kaplan Meier) are plotted
according to the predicted probability of acute GVHD: low (—, n = 193) and high (- - -, n =
89). P = 0.001 and 0.006 (adjusted for age, donor type, HLA-match and intensity of
conditioning) for differences in NRM and OS, respectively. The NRM at 3.5 years is 15%
[95% CI, 9%–21%] for the low risk group and 36% [95% CI, 24%–48%] for the high risk
group. OS at 3.5 years is 53% [95% CI, 45%–63%] for the low risk group and 33% [95% CI,
22%–48%] in the high risk group. In Panel B, the cumulative incidence of NRM and OS of
the two groups are plotted for the validation set: low (—, n = 93) and high (- - -, n = 49). P <
0.001 and 0.02 (adjusted as before) for differences in NRM and OS, respectively. The NRM
at 3.5 years is 11% [95% CI, 4%–19%] for the low risk group and 38% [95% CI, 23%–53%]
for the high risk group. OS at 3.5 years is 59% [95% CI, 49%–72%] for the low risk group and
44%, [95% CI, 31%–63%] for the high risk group. Reproduced with permission from reference
31.
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Fig 5. Intact Protein Analysis System workflow and in-depth analysis of plasma proteins
Plasma pooled from ten patients with GVHD are labeled with the heavy isotope and compared
to plasma pooled from ten patients with no GVHD labeled with the light isotope. The specimens
are then subjected to extensive fractionation (by ion-exchange chromatography and reversed-
phase chromatography) before analysis of individual fractions. The result is a reduced
complexity of individual fractions subjected to analysis by liquid chromatography – tandem
mass spectrometry (LC-MS/MS). Adapted from reference 32.
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