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1. Abstract 
 

Acute graft-versus-host disease (GVHD) is a major complication of allogeneic 
hematopoietic stem cell transplantation (HSCT) that is mediated in large part by donor 
T-cells responding to host antigens.  Increasing evidence suggests that one trigger for 
acute GVHD [11] is Gram-negative bacterial lipopolysaccharide (LPS or endotoxin) 
stimulation of monocyte release of pro-inflammatory cytokines.  This in turn induces 
donor T cell activation [1].  We have recently shown that patients undergoing HSCT 
have measurable endotoxin in their systemic circulation and increased plasma 
concentrations of the LPS-binding protein (LBP) [4].  In humans, correlations have 
been detected between major complications of HSCT and increases of LPS 
concentrations [4] and TNF- serum levels [12, 13]. Characterizing novel early 
inflammatory events in the innate immune pathway that trigger acute GVHD holds 
promise in devising strategies to target that response for early diagnosis, new 
therapeutic interventions and GVHD prevention.  The main objective of this study is to 
determine the feasibility of measuring elements of the LPS-directed innate immune 
response, including expression of TLR4/CD14 lipopolysaccharide (LPS or endotoxin) 
receptor and of LPS-induced cytokine release from antigen-presenting cells (APC), 
including monocytes and dendritic cells, in the peripheral blood of patients undergoing 
myeloablative allogeneic HSCT prior to and at engraftment. 

 
 
 

2. Background and rationale 
 
Acute graft-versus-host disease is a major complication of allogeneic hematopoietic 
stem cell transplantation that is mediated by donor T-cells responding to host antigens.  
Evidence is accumulating that acute GVHD is triggered by Gram-negative bacterial 
lipopolysaccharide (LPS or endotoxin) that induces monocytes to release pro-
inflammatory cytokines consequently activating donor T cells [1].  LPS can enter the 
blood stream either by translocation across the damaged mucosa and/or as a result of 
invasive infection with Gram-negative bacteria.  Murine studies indicate that radiation 
therapy and myeloablative conditioning regimens compromise mucosal integrity and 
leukocyte-based host defense thereby allowing translocation of LPS from endogenous 
bowel flora across the damaged mucosal barrier into the systemic circulation [2, 3].  We 
have recently shown that human patients undergoing HSCT have measurable endotoxin 
in their systemic circulation and increased plasma concentrations of the LPS binding 
protein (LBP) [4].  There is strong evidence that such gut-derived endotoxemia 
following myeloablative chemotherapy is a key trigger, via induction of the Th1-type 
cytokine tumor necrosis factor- (TNF-), of acute GVHD [2].  Conversely, anti-
inflammatory/Th2-type cytokines such as IL-10, reduce acute GVHD [5]. 

 
Great advances have been made over the past decades in characterizing innate immune 
recognition of microbial products, including LPS, via Toll-like receptors expressed on 
monocytes and other host cells [6].  Human monocytes detect LPS via Toll-like 
receptor-4 (TLR4) and the glycosylphosphoinositide (GPI)-linked LPS co-receptor 
CD14 [7].  Upon activation of monocytes by LPS, surface expression of CD14 and 
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TLR4 are modulated: (a) surface expression of CD14 decreases due to shedding [8] and 
(b) surface expression of TLR 4 is up-regulated [9].  Although one study of TLR4 
expression in patients undergoing HSCT found a correlation between hypomorphic 
alleles of the TLR4 gene and a lower subsequent risk of acute GVHD [10], little is 
known about the relationship between the functional expression of TLR4 and CD14 on 
human donor monocytes and the subsequent development of acute GVHD in HSCT 
recipients.   

 
Studies using animal models have described an association of pro-inflammatory 
cytokine release with acute GVHD [11].  In humans, correlations have been detected 
between major complications of HSCT and increases of LPS concentrations [4] and 
TNF- serum levels [12, 13]. However, the potential value of such markers of acute 
GVHD development remains to be determined.  Of note, the expression TNF- in 
intestinal biopsy tissue has been found to be highly specific for acute GVHD, but has 
not yet been associated with transplant-related mortality [14]. 

 
Characterizing early LPS-induced inflammatory events that trigger acute GVHD holds 
promise in devising new diagnostic and therapeutic strategies for post-transplant 
morbidity and mortality.  We therefore propose a prospective, observational study of 
endotoxemia (i.e., entry of LPS into the bloodstream), and its relationship to cell surface 
characteristics and function of APC in the peripheral blood of children undergoing 
myeloablative allogeneic bone marrow transplant.  It is anticipated that this study will 
help characterize the relationship of endotoxemia and modulation of APC expression of 
the LPS receptor components CD14 and TLR4 in transplant patients as well as begin to 
establish whether such events, and/or a donor phenotype characterized by high LPS-
induced monocyte release of Th1-type cytokines, will correlate with subsequent 
development of acute GVHD in HSCT recipients.  This may provide a basis for clinical 
studies in the areas of donor selection, early prediction of acute GVHD prior to its overt 
clinical manifestations, and eventually support the development of agents that modulate 
LPS-induced innate immune responses, including LPS-neutralizing proteins such as the 
neutrophil-derived bactericidal/permeability-increasing protein (BPI) [15] and/or 
inhibitory lipid A congeners [16].  
 
 
 
3. Objectives/study aims 

 
The specific objectives are:  
1. To determine the feasibility of using in vitro measurements to examine LPS-

induced markers of innate immunity in peripheral blood mononuclear cells derived 
from donors. 

2. To develop preliminary data regarding markers of innate immune activation in 
blood leukocytes and tissue samples and in plasma from patients undergoing 
myeloablative allogeneic HSCT. 
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3. To develop preliminary evidence as to whether an association exists between 
specific markers of innate immunity, acute graft-versus-host-disease (aGVHD) 
and/or active infection. 

 
 

4. Eligibility/subject enrollment 
 
Adult patients 18-65 years of age undergoing any type of stem cell transplant, including 
autologous, allogeneic, non-myeloablative and myeloablative transplants, from any 
source including bone marrow(BM), peripheral blood stem cells (PBSC) or umbilical 
cord blood (UCB) and potentially their respective HSC donors will be offered 
participation in the study. 
 
1. Patient and/or guardian and donor (if available and wants to participate) understand 

the procedures and agree to participate by providing informed consent. 
2. In the case of NMDP donors (unrelated donors obtained from the National Marrow 

Donor Program), consent is obtained by an NMDP process based on their internal 
review and approval of this protocol.  

 
 

5. Study design/duration 
 
This is a prospective, observational study primarily designed to evaluate the feasibility 
of measuring cytokine release and monocyte expression of cytokine receptors in the 
peripheral blood of HSCT patients and, where available and enrolled, donors.  The time 
points for blood sampling are based on our previously published results [4]. A total of 
75 evaluable participants will be analyzed.  The projected duration of this study will be 
24-36 months. Patients will complete the blood collection schedule within the first 100 
days after the transplant. 
 

 
 

6. Specimen/data collection procedures 
A total of 15-20cc (3-4 teaspoons) of peripheral blood in designated vacutainers will be 
obtained from any participating donors at a time-point prior to HSC donation.  
Similarly, 15-20 cc (3-4 teaspoons) of peripheral blood will be drawn into designated 
vacutainers from the HCST patients at time points listed below:  
 

 Prior to initiation of transplant conditioning (baseline) 
 D -3, -1, 0 
 D+2, +4, 7 +/- one day  
 D+14 +/-one day  
 D+21 +/- one day 

 
If the patient is discharged prior to any of the designated time points above, the sample 
will be drawn during the scheduled out patient clinic visit.   If there are multiple clinic 
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visits, the sample will be drawn as close to or on the designated day (e.g., D7, D14, 
D21,).   

 
Patients who are admitted to the hospital late in the day may have baseline blood work on 
the morning of the next day prior to initiation of chemotherapy. If GVHD develops 
within the first 100 days after transplant, an extra blood aliquot may be drawn within 4 
days of diagnosis but it is not required. 
 
If the patient or donor consents, any surplus blood may be saved for future research 
consistent with this study. 

 
6.1 LPS and Innate Immunity-Related Assays 

 

Assays will be performed on samples obtained at designated times stated in 

Section 6.0 and include, but are not limited to the following:   

 Endotoxin related plasma studies, including but not limited to LPS, LBP and 
BPI 

 Cell surface and functional studies which include flow cytometry of APCs 
not limited to surface staining for CD14 and TLR4 

 Functional studies to include in vitro assay of LPS-induced TNF- 
 Cytokine studies of plasma levels, including but not limited to TNF- and 

IL-10 
 

Clinical nursing staff will draw samples that will be picked up and processed by 
research technicians under the supervision of Dr. Ofer Levy, Division of Infectious 
Diseases/Dept. Medicine/Children's Hospital.  The specimens will be destroyed upon 
study completion.  
 
Epidemiological information on donor and patient and clinical information the recipient 
for the first 100 days of the transplant course will be obtained through Dr. Eva Guinan 
from a registered HSCT Research Database (03-144), Dana-Farber clinic charts, and the 
Brigham and Women’s Hospital records.  Worksheets will be developed by the study 
staff to record data on patient and donor characteristics and clinical data.  We will 
collect and maintain patient data until the end of the research project.  Some of this 
information may be collected from subjects' medical records after direct participation is 
ended.  Information will be maintained by us until the completion of data analysis and 
the required regulatory reviews. 

 
 
 

7. Laboratory/data analysis  
Assays may include but not be limited to: 
1. Whole blood anticoagulated with sodium heparin will be analyzed for basal and 

LPS-induced cytokine release by ELISA as described [17] or by flow cytometry 



Innate immunity in HSCT: Endotoxin Receptors  

 7

using a cytometric bead array (BD Biosciences). Whole blood TLR transcriptome 
analysis using RT-PCR will be performed. 

2. Surface expression of innate immune receptors such as TLR4 and CD14 will be 
measured by flow cytometry as described [17]. 

3. Endotoxin (LPS) will be measured by chromogeneic assays  
4. Plasma BPI and LBP will be measured by ELISA (HyCult Biotechnology). 

 
 

 
8. Statistical considerations 

 
8.1 Analysis plan 
 

The first step in this largely descriptive analysis will be to assess the feasibility of 
measuring the cell surface markers (primarily CD14 and TLR4) at each time point. 
Feasibility will be assessed by whether or not there are a sufficient number of cells 
sampled to perform the assay.  The percentage of patients with sufficient cells will be 
calculated at each time point.   

 
We will then summarize the distributions of values from each assay at each time point 
using means, standard deviations, medians and other percentiles.  Also of interest is the 
percent of patients with values below the limit of quantification.  In addition to CD14 
and TLR4, other assay measures in this analysis include plasma levels of LPS, LBP, 
BPI, TNF- and IL-10, and in vitro assays of LPS-induced TNF- from both the 
recipient (at each time point) and from any enrolled donor’s cells.  Changes over time 
will be assessed by calculating the within-person difference between two time points 
and assessing the significance of the change with the one-sample t-test (possibly after 
transformation to achieve approximate Normality) or the nonparametric Wilcoxon 
signed rank test.  The data will also provide information on intra-class correlations, i.e., 
the within-person correlations over time, which will be valuable in the design of future 
studies. 

 
Spearman correlations will be used to characterize the associations between the assay 
measurements at each time point.  Primary interest here centers on the correlations 
between cell surface markers (CD14, TLR4) and plasma levels of LPS and TNF. 

 
Finally, a preliminary assessment of associations between LPS-induced TNF- (in 
donor cells and in recipient cells at each time point) and the occurrence of aGVHD will 
be conducted by describing the distributions of TNF- levels separately in patients who 
develop vs. do not develop aGVHD.  It is anticipated that approximately 40% of the 
patients will develop aGVHD.  We will also test for the significance of these 
comparisons with the two-sample t-test (possibly after transformation to achieve 
approximate Normality) or the nonparametric two-sample Wilcoxon test.  Similar 
analyses will be conducted for LPS, CD14, and TLR4. 
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Descriptive data including patient characteristics such as demographics, toxicity 
including aGVHD, engraftment, infection and laboratory data may be used from this 
non-interventional, observational study group to perform preliminary comparisons with 
cohorts from other transplant studies with similar patients and when similar measures 
are collected   
 

 
8.2 Sample size 

The target sample size is 50 evaluable patients.  We anticipate that it will take about 
two-three years to accrue up to 60 patients (+/- donors), and that this will yield 50 
participants with evaluable data out to Day 21 post-transplant.  Twenty patients will 
yield 95% confidence intervals for a mean with half-width of 0.47 standard deviations 
and will provide 80% power for detecting significant correlations if the true correlation 
is at least  0.60.  The study is not powered for the hypothesis tests described above.   
However, the sample size is adequate for assessing feasibility and for making initial 
descriptive assessments of the patterns of marker values over time and of correlations.  
 
 

9. Regulatory requirements 

9.1 Informed consent 

Informed consent will be obtained from the patient or patient’s legally authorized 
guardian/representative after adequate explanation of the aims, methods, anticipated 
benefits, and potential hazards of the study.  The research subject will be given a copy 
of the signed informed consent document, and the original document will be retained in 
the CHB’s medical records. 
 
9.2 Patient confidentiality  

Subjects will be identified by their initials and a study ID number only.  Documents will 
be kept in confidence.  Research staff listed on this protocol will use de-identified data 
for subject research records, for registering subjects, reporting on post-transplant 
complications, and maintaining information on the number and timing of sample 
collections. 
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