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ABSTRACT 

There are no plasma biomarkers specific for graft versus host disease (GVHD) of the 

gastrointestinal (GI) tract, the GVHD target organ most associated with non-relapse 

mortality (NRM) following hematopoietic cell transplantation (HCT). Using an 

unbiased, large-scale, quantitative proteomic discovery approach to identify 

candidate biomarkers that were increased in plasma from HCT patients with GI 

GVHD, 74 proteins were increased at least 2-fold; 5 were of GI origin. We validated 

the lead candidate, REG3α, by ELISA in samples from 1014 HCT patients from three 

transplant centers. Plasma REG3α concentrations were 3-fold higher in patients at 

GI GVHD onset than in all other patients and correlated most closely with lower GI 

GVHD. REG3α concentrations at GVHD onset predicted response to therapy at 4 

weeks, 1-year NRM, and 1-year survival (p≤0.001).  In a multivariate analysis, 

advanced clinical stage, severe histologic damage and high REG3α concentrations 

at GVHD diagnosis independently predicted 1-year NRM, which progressively 

increased with higher numbers of onset risk factors present: 25% for patients with 0 

risk factors to 86% with 3 risk factors present (p<0.001). REG3α is a plasma 

biomarker of GI GVHD that can be combined with clinical stage and histologic grade 

to improve risk stratification of patients. 

INTRODUCTION 

Acute graft-versus-host disease (GVHD), a leading cause of non-relapse mortality 

(NRM) after allogeneic hematopoietic cell transplantation (HCT), is measured by 

dysfunction in three organ systems: the skin, liver and gastrointestinal (GI) tract.1-4 

Acute GVHD of the GI tract affects up to 60% of patients receiving allogeneic HCT,5,6 

causing nausea, vomiting, anorexia, secretory diarrhea and, in more severe cases, 

abdominal pain and/or hemorrhage.7 Acute GVHD typically occurs between two and 
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eight weeks after transplant, but may occur later,4 and is often clinically 

indistinguishable from other causes of GI dysfunction such as conditioning regimen 

toxicity, infection or medication. Endoscopic biopsy is often used to confirm the 

diagnosis,1,8 but histologic severity on biopsy has not consistently correlated with 

clinical outcome.3,8-10 Clinical stage two or greater (more than one liter of diarrhea 

per day) is associated with reduced survival,5,6 but daily stool volume can vary 

considerably. Lower GI GVHD responds poorly to treatment compared to other 

target organs,6 and treatment with high-dose systemic steroid therapy carries 

significant risks, especially infectious complications in profoundly immunosuppressed 

patients.11,12 A non-invasive, reliable blood biomarker specific for GVHD of the GI 

tract would thus significantly aid in the management of patients with this disorder.  

Here, we report the discovery and validation of a plasma biomarker of acute GI 

GVHD: regenerating islet-derived 3-alpha (REG3α), a C-type lectin secreted by 

Paneth cells.13,14 

METHODS 

Proteomic analysis 

Methods for sample preparation, protein fractionation, mass spectrometry (MS) 

analysis, protein identification, and quantitative analysis of protein concentrations 

during the intact protein analysis system (IPAS) have been previously reported.15-17 

Patients and samples 

Heparinized blood samples were collected weekly for four weeks after allogeneic 

HCT, then monthly for two months, and also at the time of key clinical events, 

including the development of symptoms consistent with GVHD (e.g. the onset of 

diarrhea). Plasma samples were collected prospectively under protocols approved 
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by the University of Michigan Institutional Review Board and stored at the University 

of Michigan. GVHD assessments, sample processing and storage were performed 

as previously described.7,17 In Regensburg, Germany, and Kyushu, Japan, serum 

samples were collected weekly and at the onset of GVHD symptoms, prepared, 

frozen and stored per institutional guidelines. Samples were shipped and received 

frozen on dry ice and no sample was thawed more than twice before analysis. 

REG3α concentrations were stable in samples frozen for at least five years. REG3α 

concentrations of 12 paired healthy donors plasma and serum were similar (mean ± 

SEM: 20 ± 3 versus 24 ± 3 ng/ml, respectively). 

All patients received pharmacologic GVHD prophylaxis with at least two agents, 

including a calcineurin inhibitor. No donor grafts were depleted of T cells. All patients 

with available samples were analyzed, including patients who developed other 

complications of HCT, such as sinusoidal obstruction syndrome (SOS), idiopathic 

pneumonia syndrome (IPS) and sepsis/bacteremia. Patients were excluded from 

analysis only if a plasma sample at the time of GVHD onset was not available, or if 

methylprednisolone >1 mg/kg (or equivalent) had been administered for more than 

48 hours at the time of sample acquisition. One sample was analyzed per patient; 

patients who developed GVHD had samples selected at the time of initial GVHD 

diagnosis. 

The discovery set consisted of plasma samples from ten HCT patients at the onset 

of biopsy-proven GI GVHD (clinical stage 1-3) and ten HCT patients who never 

developed GVHD and who were matched for key transplant characteristics (Table 

S1). Patient samples in the discovery set were not included in the validation set. 

The University of Michigan validation set consisted of four groups: patients with 

newly diagnosed GVHD involving the GI tract [with or without other organ 
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involvement] (GI GVHD); patients at similar time points who never developed GVHD 

symptoms (no GVHD); patients with GI distress that was inconsistent with GVHD 

either by clinical or histologic criteria (non-GVHD enteritis); and patients who 

presented with isolated skin GVHD (skin GVHD). Patient numbers and 

characteristics are shown in Table 1. Enteritis was determined to be inconsistent with 

GVHD on clinical grounds by documentation of infected stool and by resolution of 

symptoms without steroid treatment. The etiologies of non-GVHD enteritis are listed 

in Table 2. 

Patients from the Regensburg/Kyushu validation set were divided into four groups as 

above; patient characteristics are detailed in Table S2, with causes of non-GVHD 

enteritis listed in Table S3. 

Histopathology 

GI biopsies were obtained and prepared per institutional guidelines. GVHD was 

histologically confirmed by duodenal/colonic biopsy in 183 of 197 GI GVHD patients 

and by skin biopsy in an additional five patients with both rash and GI symptoms.9 

Skin GVHD was confirmed by biopsy in 272 of 341 patients with rashes and by 

biopsy of another target organ later affected by GVHD in an additional eight patients. 

162 patients of 197 patients with GVHD had diarrhea. 140 of these 162 patients had 

biopsies (duodenal = 87, colonic = 53) available for formal grading as described by 

Lerner.18 If both duodenal and colonic biopsies were available, colonic biopsies were 

graded only if duodenal biopsies were negative. We did not impute values for 

unavailable biopsies.  

ELISA assays 

REG3α ELISA kits were purchased from MBL International (Ab-Match Assembly 

Human PAP1 kit and Ab-Match Universal kit), and measurements were performed 
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according to the manufacturer’s protocol. Samples (diluted 1:10) and standards were 

run in duplicate, absorbance was measured with a SpectraMax M2 (Molecular 

Devices), and results were calculated with SoftMax Pro v5.4 (Molecular Devices). 

Elafin, IL2Rα, HGF, TNFR1, and IL-8 ELISAs were performed in duplicate as 

previously reported.17,19 Measurements of samples from 66 patients (6.5% of the 

total population) were repeated in a second ELISA at random intervals and were 

comparable; correlation coefficient r=0.82, p<0.0001. Details of the assay 

parameters are provided in Table S4. 

Statistical analysis 

The statistical methods used for the IPAS are as previously described.15-17 REG3α 

and albumin concentrations from individual samples in the discovery and validation 

sets were compared using two-sample t-tests applied to log-transformed 

concentrations. Differences in characteristics between patient groups were assessed 

with a Kruskal-Wallis test for continuous values and chi-squared tests of association 

for categorical values. Receiver operating characteristic (ROC) area under the 

curves (AUC) were estimated nonparametrically. NRM and relapse mortality were 

modeled with cumulative incidence regression methods as described by Fine and 

Gray.20 1-year overall survival (OS) was modeled with Cox regression methods and 

probability of response was modeled with logistic regression.  

FINDINGS  

Discovery Study 

We used a proteomics approach to identify candidate biomarkers in a discovery set 

of pooled plasma samples taken at similar times after HCT from ten patients with 

biopsy-proven GI GVHD and ten patients without GVHD as previously described 

(Table S1).15-17 We identified and quantified 562 proteins of which 74 were increased 

 For personal use only. by guest on November 6, 2012. bloodjournal.hematologylibrary.orgFrom 

http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


7 

 

at least two-fold in patients with GVHD (Table S5). Five proteins (carboxypeptidase 

N catalytic chain precursor, pancreatic secretory trypsin inhibitor precursor, palladin, 

lithostathine 1-alpha precursor, and regenerating Islet-derived 3-alpha) were 

preferentially expressed in the GI tract based on the relevant literature21-25 and the 

Human Protein Atlas (http://www.proteinatlas.org/). Commercially available 

antibodies suitable for quantification of plasma concentrations by ELISA were 

available for only one of these five proteins, regenerating Islet-derived 3-alpha 

(REG3α, Table S5). The MS characteristics of the identified REG3α peptides are 

shown in Figure S1 and Table S6. The plasma concentrations of REG3α in the 

individual plasma samples in the discovery set were four times higher in the patients 

with GI GVHD than in asymptomatic controls (Figure S2, p=0.01).  

Validation study  

We next evaluated REG3α plasma concentration as a biomarker of GI GVHD in 

samples from a validation set of 871 allogeneic HCT recipients from the University of 

Michigan (Table 1). Older transplant recipients, an underlying diagnosis of malignant 

disease, graft sources from unrelated and HLA-mismatched donors were over-

represented in the groups with GVHD. The median day of sample acquisition for 

patients with non-GVHD enteritis was closer to the day of transplant than for all other 

groups. 

Plasma REG3α concentrations were three times higher in patients at the onset of GI 

GVHD than in all other patients, including those with non-GVHD enteritis (Figure 1A). 

There was no specific cause of non-GVHD diarrhea associated with higher REG3α 

concentrations. Serum REG3α concentrations were also higher in GI GVHD in an 

independent validation set of 143 HCT patients from Regensburg, Germany, and 
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Kyushu, Japan, although the absolute values were lower (Figure 1B). This difference 

may be due to a center effect that depends on several factors, including variations in 

transplant conditioning regimens and supportive care; patients receiving high 

intensity conditioning regimens had REG3α concentrations that were twice as high 

as those receiving moderate intensity conditioning, but this difference did not reach 

statistical significance (Figure 1C). In addition, all patients in Regensburg and 

Kyushu received oral antibiotics as GVHD prophylaxis, whereas Michigan patients 

did not and thus increased GI flora might account for greater REG3α secretion.26  

Neither TBI-based conditioning nor GVHD prophylaxis regimen significantly 

impacted REG3α concentrations (data not shown). 

We next analyzed REG3α concentrations according to diagnosis and type of GI 

symptom. In patients with diarrhea caused by GVHD, REG3α concentrations at the 

onset of GVHD were five time higher than in patients with diarrhea from other causes 

(Figure 1D). In patients without diarrhea, REG3α concentrations were 25% higher 

when attributable to GVHD compared to other causes, a difference that was not 

statistically significant. 

We measured concentrations of four previously reported diagnostic markers of 

systemic acute GVHD (IL2Rα, TNFR1, IL-8, and HGF),19 and of elafin, a biomarker 

for GVHD of the skin,17 in all patients with diarrhea (Figure 1C, N=204). ROC curves 

for these biomarkers distinguished GVHD from non-GVHD with an AUC of 0.80 for 

REG3α alone and an AUC of 0.81 for a composite panel of all six biomarkers (Figure 

2). In this analysis, 52% of patients with lower GI GVHD also had skin involvement at 

onset, and thus the AUC for elafin, which is specific for GVHD of the skin,17 was 

greater than expected (Table S7). ROC curves of REG3α concentrations in patients 

with diarrhea had similar AUCs in both validation sets (Figure S3). REG3α was 
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therefore the best single diagnostic biomarker at the onset of symptoms of lower GI 

GVHD, and additional biomarkers provided no further increased sensitivity or 

specificity. Using REG3α at the median concentration provided a positive predictive 

value (PPV) of 95% and a negative predictive value (NPV) of 32% for GVHD as the 

etiology of diarrhea. Additional predictive values at other REG3α concentrations are 

provided in Table S8.  

When we categorized patients by the volume of diarrhea, REG3α concentrations at 

the onset of symptoms continued to distinguish between GVHD and non-GVHD 

etiologies (Figure 3A, p<0.001) but did not correlate with the clinical stage of GVHD. 

23 of 26 patients with clinical stage 4 GI GVHD at onset received full intensity 

conditioning, and these patients showed a trend toward higher REG3α 

concentrations than those with stage 1-3 GI GVHD (p=0.07; data not shown).  When 

comparing patients who had less than 1 liter of stool per day due to GVHD versus 

other causes, the AUC for REG3α was 0.81 (Figure S4). Plasma REG3α 

concentrations at the onset of GVHD were significantly higher in patients whose GI 

biopsies showed evidence of severe GVHD with mucosal denudation (histologic 

grade 4) compared to less severe GVHD (Figure 3B; p=0.03). Hypoalbuminemia is 

associated with the protein-losing enteropathy in GI GVHD,27 and we analyzed the 

serum albumin level as a potential marker for loss of intravascular proteins into the 

intestinal lumen. Albumin levels at the onset of GI GVHD also correlated with both 

the clinical GI GVHD severity (Figure S5A) and histopathologic severity (Figure 

S5B). 
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Prognostic value of REG3α concentrations in patients with lower GI GVHD 

The clinical utility of any biomarker is greatly enhanced when it provides prognostic 

information regarding the future status of a disease and/or patient, e.g. the likelihood 

of response to treatment. We therefore evaluated the prognostic significance of 

REG3α plasma levels in 162 patients taken at the time of diagnosis of lower GI 

GVHD. REG3α concentrations were three-fold higher at the time of GVHD diagnosis 

in patients who had no response to therapy at four weeks28,29 than in patients who 

experienced a complete or partial response (Figure 4A; p<0.001);28,29 patients 

responding to therapy still exhibited REG3α concentrations more than twice that of 

non-GVHD controls. REG3α concentrations at diagnosis also correlated with 

eventual maximal clinical stage of GI GVHD (Figure S6); patients presenting with 

isolated skin GVHD who later developed GI GVHD had concentrations comparable 

to those with skin GVHD who never developed  GI GVHD (p=0.2; data not shown). 

Because maximal GVHD grade correlates with NRM,11 we hypothesized that the 

REG3α concentration at GVHD diagnosis would also correlate with NRM. We 

therefore divided the 162 patients into two equal groups based upon the median 

REG3α concentration: high (> 151ng/ml, n=81) and low (≤ 151 ng/ml, N=81). NRM 

was twice as high in patients with high REG3α concentrations, and this difference 

remained significant after adjusting for known risk factors of donor type, degree of 

HLA match, conditioning intensity, age and baseline disease severity (59% [95% CI 

48-69%] vs. 34% [95% CI 24-46%], p<0.001, Figure 4B). The incidence of relapse 

mortality was comparable for both groups (14% [95% CI 8-24] vs. 17% [95% CI 8-

24], p=0.5; Figure 4C), and thus patients with high REG3α concentrations at the time 

of GVHD diagnosis experienced significantly inferior one-year OS (27% [95% CI 19-
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39%] vs. 48% [95% CI 38-61%], p=0.001; Figure 4D). Causes of one-year mortality 

for these patients are listed in Table S9. 

Of the 162 patients with diarrhea at the onset of GVHD, we possessed all four data 

points of clinical stage, histologic grade, REG3α concentration and serum albumin 

level in 140 patients. As shown in Table 3, the plasma concentration of REG3α, the 

clinical severity of GVHD, the histologic severity and serum albumin level at GVHD 

diagnosis independently predicted lack of response to GVHD therapy four weeks 

following treatment after adjustment for the aforementioned risk factors (odds ratios: 

4.8, 3.9, 18.9, and 2.5, respectively). When lack of response to therapy and NRM 

were modeled simultaneously on all four parameters, all but albumin remained 

statistically significant. When only advanced clinical stage and severe histologic 

grade were considered, NRM was 71% (Figure 4E). The inclusion of high REG3α 

concentration further risk-stratified patients who had either advanced clinical stage or 

histologic severity (Figure 4F; 34% versus 66% for 1 or 2 risk factors, respectively, 

p<0.001), and patients who had all 3 risk factors experienced significantly greater 

NRM than those with any 2 of the risk factors (86% versus 66%, p<0.001). Details of 

patient risk factors are listed in Table S10; NRM by all other risk factor combinations 

are shown in Figure S7. 

 

DISCUSSION 

The etiology of diarrhea following HCT presents a common diagnostic dilemma.30,31 

We identified REG3α as a candidate biomarker specific for lower GI GVHD through 

an unbiased, in-depth tandem MS-based discovery approach that can quantify 

proteins at low concentrations and that we previously used successfully to identify 

elafin as a plasma biomarker specific for GVHD of the skin.17 Our discovery 
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approach identified 74 proteins that were increased at least two-fold in the plasma 

from patients with GI GVHD. Of note, the list did not include cytokeratin-18 (KRT18), 

which has been reported to be specific for both liver and intestinal GVHD.32 This 

discrepancy may be explained by limitations in proteomics technology and the 

significantly later acquisition times of samples in the earlier report. 

REG proteins act downstream of IL-22 to protect the epithelial barrier function of the 

intestinal mucosa33,34 through the binding of bacterial peptidoglycans.13 Intestinal 

stem cells (ISCs) are principal cellular targets of GVHD in the GI tract,3,35 where 

intestinal flora are critical for amplification of GVHD damage.36,37 A leading 

hypothesis is that ISCs are protected by anti-bacterial proteins such as REG3α 

secreted by neighboring Paneth cells into the crypt microenvironment.38 If death of 

an intestinal stem cell eventually manifests itself as denudation of the mucosa, the 

patchy nature of GVHD histologic damage may be explained as the lack of mucosal 

regeneration following the dropout of individual ISCs.3,35 REG3α reduces the 

inflammation of human intestinal crypts in vitro,14,39 and its administration protects 

ISCs and prevents GI epithelial damage in vivo,34 raising interesting therapeutic 

possibilities for this molecule. 

REG3α plasma concentrations correlate with disease activity in inflammatory bowel 

disease, and can distinguish infectious and autoimmune causes of diarrhea.14 The 

correlation of mucosal denudation (histologic grade 4) with high REG3α 

concentrations suggests that microscopic breaches in the mucosal epithelial barrier 

caused by severe GVHD permit REG3α to traverse into the systemic circulation. The 

tight proximity of Paneth cells with ISCs concentrates their secretory contents in that 

vicinity, so that mucosal barrier disruption caused by stem cell dropout may 

preferentially allow Paneth cell secretions, including REG3α, to traverse into the 
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bloodstream. We hypothesize that plasma levels of REG3α may therefore serve as a 

surrogate marker for the cumulative area of these breaches to GI mucosal barrier 

integrity, a parameter impossible to measure by individual tissue biopsies. Such an 

estimate of total damage to the mucosal barrier may also help explain the prognostic 

value of REG3α with respect to therapy responsiveness and NRM. 

In this study, three high-risk parameters each independently correlated with lack of 

response to treatment and to higher NRM: elevated plasma REG3α concentration, 

higher clinical stage of GVHD at diagnosis and grade 4 histologic severity. All three 

of these values thus provided important prognostic information prior to the initiation 

of therapy rather than at the time of maximum grade of GVHD, which by definition 

includes responsiveness to therapy.5,6,11 This study confirms earlier reports where 

higher clinical stage of GI GVHD5,6 and more severe histology correlated with worse 

survival.10 In our study the 1-year NRM was 33% (22/67 patients) in patients with 

clinical stage 1 lower GI GVHD when considering clinical severity alone. Seven of 8 

patients (88%) who had the 2 other high risk factors present experienced 1-year 

NRM while 25% (15/59) of patients with 1 or no risk factors experienced 1-year 

NRM. In this regard it should be noted that REG3α levels did not obviate the need for 

biopsy. If the prognostic value of REG3α is confirmed in additional patients, we 

believe the integration of clinical stage, histologic grade and REG3α plasma 

concentrations into a single grading system will permit better risk stratification and 

rapid identification of those patients with severe GI damage in whom standard 

treatment is likely to be insufficient. 
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Table 1. Patient characteristics of the University of Michigan validation set. 

Total N=871  

GI 

GVHD†,‡ 

N=167 

No GVHD 

N=362 

Non- GVHD 

Enteritis§ 

N=52 

Skin 

GVHD 

N=290 

          

p-value 

      

Age (years)      0.003 

 
Median 

(range) 

50 

(0-67) 

46 

(0-68) 

48 

(3-66) 

49 

(0-70) 
 

Disease (%)      0.002 

 
Malignant 99% 

(N=165) 

92% 

(N=334) 

96% 

(N=50) 

97% 

(N=282) 
 

 
Other 1% 

(N=2) 

8% 

(N=28) 

4% 

(N=2) 

3% 

(N=8) 
 

Disease status at transplant* (%)      0.63 

 
Other/low/ 

intermediate risk 

64% 

(N=105) 

69% 

(N=232) 

68% 

(N=34) 

68% 

(N=192) 
 

 
High risk 36% 

(N=60) 

31% 

(N=102) 

32% 

(N=16) 

32% 

(N=90) 
 

Donor type (%)      <0.001 

 
Related donor 45% 

(N=75) 

64% 

(N=233) 

54% 

(N=28) 

40% 

(N=115) 
 

 
Unrelated donor 55% 

(N=92) 

36% 

(N=129) 

46% 

(N=24) 

60% 

(N=175) 
 

Donor match (%)      <0.001 

 
Matched donor 70% 

(N=117) 

90% 

(N=325) 

92% 

(N=48) 

73% 

(N=212) 
 

 
Mismatched donor 30% 

(N=50) 

10% 

(N=37) 

8% 

(N=4) 

27% 

(N=78) 
 

Conditioning regimen intensity      0.06 
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(%) 

 
High intensity 57% 

(N=95) 

67% 

(N=243) 

63% 

(N=33) 

57% 

(N=165) 
 

 
Moderate intensity 43% 

(N=72) 

33% 

(N=119) 

37% 

(N=19) 

43% 

(N=125) 
 

Grade of GVHD at onset (%)       

 
0 0% 

(N=0) 

100% 

(N=362) 

100% 

(N=52) 

0% 

(N=0) 
 

 
I  0% 

(N=0) 

0% 

(N=0) 

0% 

(N=0) 

69% 

(N=201) 
 

 
Skin Stage 1 0% 

(N=0) 

0% 

(N=0) 

0% 

(N=0) 

41% 

(N=118) 
 

 
Skin Stage 2 0% 

(N=0) 

0% 

(N=0) 

0% 

(N=0) 

29% 

(N=83) 
 

 
II  

 

57% 

(N=96) 

0% 

(N=0) 

0% 

(N=0) 

30% 

(N=88) 
 

 
Isolated Skin Stage 3 0% 

(N=0) 

0% 

(N=0) 

0% 

(N=0) 

30% 

(N=88) 
 

 

Isolated Upper GI Stage 

1‡ 

 

17% 

(N=29) 

0% 

(N=0) 

0% 

(N=0) 

0% 

(N=0)  

 
Lower GI Stage 1‡ 

 
 

40% 

(N=67) 

0% 

(N=0) 

0% 

(N=0) 

0% 

(N=0) 
 

 
III-IV 43% 

(N=71) 

0% 

(N=0) 

0% 

(N=0) 

1% 

(N=1) 
 

 
Isolated Skin Stage 4 0% 

(N=0) 

0% 

(N=0) 

0% 

(N=0) 

1% 

(N=1) 
 

 
GI Stage 2‡ 

 

13% 

(N=22) 

0% 

(N=0) 

0% 

(N=0) 

0% 

(N=0) 
 

 
GI Stage 3‡ 

 

16% 

(N=27) 

0% 

(N=0) 

0% 

(N=0) 

0% 

(N=0) 
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GI Stage 4‡ 

 

13% 

(N=22) 

0% 

(N=0) 

0% 

(N=0) 

0% 

(N=0) 
 

Day after HCT      <0.001 

 
Median 

(range) 

33 

(11-216) 

31 

(7-185) 

24 

(7-93) 

28 

(5-175) 
 

*High risk of disease status at HCT is according to Center for International Blood and Marrow Transplant Research (CIBMTR) 

guidelines. 

†Including 29 patients with isolated upper GI GVHD and 138 with lower ± upper GI GVHD. 

‡With or without other GVHD target organ involvement. 

§ Including 13 patients with isolated upper GI non-GVHD enteritis and 39 patients with lower ± upper GI non-GVHD enteritis.  

Table 2. Causes of non-GVHD enteritis in the University of Michigan validation set 

Non-GVHD lower GI enteritis +/- upper GI symptoms: N=39 

 C. difficile infection 54% (N=21) 

 Diarrhea w/ negative biopsy 15% (N=6) 

 N/V and diarrhea w/ negative biopsies 28% (N=11) 

 Ulcerative esophagitis and diarrhea (negative biopsies)  3% (N=1) 

Non-GVHD upper GI enteritis without diarrhea (all biopsy negative): N=13  

 Nausea/vomiting             54% (N=7) 

 Anorexia               15% (N=2) 

 Chemical gastropathy          23% (N=3) 

 H. pylori gastritis        8% (N=1) 
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Table 3. REG3α concentrations and characteristics at onset of GVHD diarrhea predict 4-week response to GVHD 

therapy and 1-year NRM. 

 

 Independent 
 

Simultaneous 

 
No response to treatment (at 4 weeks) Odds Ratio p-value* 

 
Odds Ratio p-value* 

 
REG3α (high vs. low) 4.8 <0.001 

 
5.7 0.001 

 
GVHD GI onset stage (2-4 vs. 1) 3.9 0.001 

 
3.0 0.027 

 
Histologic grade (4 vs. 1-3) 18.9 <0.001 

 
16.7 <0.001 

 
Albumin (low vs. high) 2.5 0.02 

 
1.4 0.5 

     

 
 Independent 

 
Simultaneous 

 
1-Year NRM Hazard Ratio p-value* 

 
Hazard Ratio p-value* 

 REG3α (high vs. low) 2.2 0.003  2.4 0.002 

 
GVHD GI onset stage (2-4 vs. 1) 3.0 <0.001 

 
3.1 <0.001 

 
Histologic grade (4 vs. 1-3) 3.6 <0.001 

 
2.9 <0.001 

 
Albumin (low vs. high) 2.3 0.004 

 
1.6 0.2 

*Adjusted for age, donor type, HLA match, conditioning intensity and disease status at transplant. 
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FIGURE LEGENDS 

 

Figure 1. REG3α concentrations in plasma samples from HCT patients of two 

independent validation sets. (A) University of Michigan patients (n =871) (B) 

Regensburg, Germany, and Kyushu, Japan (n = 143). (C)Plasma REG3α 

concentrations in patients classified by GI symptoms and histologic diagnosis and 

categorized by conditioning regimen intensity. High intensity regimens included: 

cyclophosphamide ± cytarabine, thiotepa, fludarabine and/or TBI; 

cyclophosphamide/VP-16/BCNU; busulfan + cytarabine, clofarabine, melphalan, 

cyclophosphamide/anasacrin or cytarabine/cyclophosphamide; BCNU/VP-

16/cytarabine/melphalan; TBI ± VP-16; melphalan. Moderate intensity regimens 

included: fludarabine + busulfan or treosulfan ± TBI, melphalan, zevalin or 

anasacrin/cytarabine; fludarabine ± TBI, melphalan, or cyclophosphamide; 

fludarabine/BCNU/melphalan; TBI. (D) Patients classified by symptoms and etiology 

(n = 675).  

 

Figure 2. ROC curves for patients with post-HCT diarrhea. ROC curves 

comparing REG3α concentrations for patients with diarrhea caused by GVHD (n = 

162) and not caused by GVHD (N = 42). REGα alone (thick blue): AUC=0.80; IL2Rα 

(thick brown): AUC=0.69; Elafin (thick red): AUC=0.68; IL-8 (thin blue): AUC=0.61; 

HGF (thin brown): AUC=0.61; TNFR1 (thin red): AUC=0.60; Composite of all 6 

biomarkers (solid black): AUC=0.81.  
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Figure 3. REG3α expression according to severity of GVHD at diagnosis. 

Patients were classified by volume of diarrhea (A) and histologic grade (B).  

 

Figure 4. Prognostic value of REG3α concentrations at onset of GVHD. (A) 

Patients were classified by response to GVHD therapy after 4 weeks (N=160). (B to 

D) Patients were classified by REG3α concentration: low (≤ 151 ng/ml, n=81; thin 

line) and high (> 151 ng/ml, n=81; thick line). (B) NRM (34% versus 59%, p<0.001) 

(C) Relapse mortality (17% versus 14%, p=0.59). (D) 1-year survival (48% versus 

27%, p=0.001). All p-values are adjusted for donor source, HLA-match, conditioning 

intensity, recipient age and baseline disease severity according to the Center for 

International Blood and Marrow Transplant Research (CIBMTR) guidelines. (E) 1 

year NRM for patients classified by number of risk factors at GVHD onset, using 

clinical stage (high risk = stage 2-4) and histologic grade (high risk = grade 4). 0 

(purple, NRM=26%); 1 (red, NRM=60%); 2 (blue, NRM=71%). 0 vs. 1, p<0.001; 1 vs. 

2, p=0.006. (F) 1 year NRM for patients classified by number of risk factors at the 

time of GVHD diagnosis as in E and including REG3α concentration (high risk > 

151ng/ml). 0 (purple, NRM=25%); 1 (red, NRM=34%); 2 (purple, NRM=66%); 3 

(brown, NRM=86%). 0 vs. 1, p=0.2; 1 vs. 2, p<0.001; 2 vs. 3, p<0.001. 
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