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Abstract

Introduction—Transplant recipients are at risk of post-transplant lymphoproliferative disease
(PTLD). Methods: Thirty-six pediatric transplant recipients were evaluated (18 hematopoietic
stem cell and 18 liver recipients; 12 had PTLD). We studied 207 longitudinal plasma samples
from these recipients for three markers of B-cell activation or clonality: immunoglobulin free light
chains (FLCs), soluble CD30 (sCD30), and monoclonal immunoglobulins (M-proteins).

Results—Kappa FL Cs, lambda FL Cs, and sCD30 were elevated in 20.8%, 28.0%, and 94.2% of
plasma specimens, respectively. FLC and sCD30 levels increased significantly 1.18-1.82 fold per
log1g Epstein Barr virus (EBV) load in peripheral blood. Five PTLD cases manifested elevated
FL Cswith an abnormal kappa/lambda ratio, suggesting monoclonal FL C production. M-proteins
were present in 91% of PTLD cases, vs. 50-67% of other recipients with high or low EBV loads
(p=0.13). Concordance of FLCs, M-proteins, and PTLD tumor light chain restriction was
imperfect. For example, one PTLD case with an 1gG lambda M-protein had a tumor that was
kappa restricted, and another case with an M-protein had a T-cell PTLD. In an additional case, an
IgM kappa M-protein and excess kappa FL Cs were both detected in plasmaat PTLD diagnosis;
while the tumor was not restricted at diagnosis, kappa restriction was present 5 years later when
the PTLD relapsed.

Discussion—Plasma markers of B-cell dysfunction are frequent following transplantation and
associated with poor EBV control. These abnormal markers may be produced by oligoclonal B-
cell populations or PTLD tumor cells, and could potentially help identify recipients at high risk of
PTLD.
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Introduction

Results

Transplantation provides life-saving therapy for patients with severe disease. Transplant
outcomes have improved markedly over time, but substantial morbidity still results from
immunosuppressive therapy administered to prevent graft rejection (for solid organ
transplants) or graft vs. host disease (for HSCT).

Post-transplant lymphoproliferative disorder (PTLD), an important complication of
transplantation, comprises a heterogeneous spectrum of conditions ranging from benign
lymphoid hyperplasiato malignant neoplasms of lymphocytes (mostly non-Hodgkin
lymphoma [NHL], but also including rare cases of multiple myeloma) (1;2). Epstein Barr
virus (EBV) is present in most PTLD tumors and plays a crucia role in lymphocyte
transformation (1-3).

Transplant-related immunosuppression mainly involves depressed T-cell function, but
disordered B-cell function is also present, probably as a consequence of T-cell
dysregulation. Hypogammaglobulinemiais frequent and predisposes to infection in both
solid organ and HSCT recipients (4;5). Circulating monoclonal immunoglobulin proteins
(termed “M-proteins’) are also frequent among both solid organ and HSCT recipients (6—
12). For immunocompetent individuals, detection of an M-protein as an isolated finding
(i.e., monoclonal gammopathy of undetermined significance [MGUS)) indicates the
presence of an abnormal clone of plasmacells and is associated with development of
multiple myeloma (13). Although most PTLD tumors are derived from B-cells and might
therefore be capable of producing immunoglobulins (1), the clinical relevance of detection
of M-proteinsin transplant recipients as arisk marker for PTLD is uncertain (6-11;14;15).

Of interest, we recently showed that, in the setting of solid organ transplantation, elevated
levels of kappa and lambda immunoglobulin free light chains (FLCs) in peripheral blood
were associated with an increased risk of subsequently developing PTLD (16). FLCs are
produced and released by B-cells along with intact immunoglobulins (17). CD30isacell
surface receptor expressed on activated lymphocytes, and elevated circulating levels of this
protein (i.e., soluble CD30 [sCD30]) have also been associated with PTLD in solid organ
recipients (18;19).

In the present study, we evaluated markers of monoclonal and polyclonal B-cell activation
in longitudinal peripheral blood samples from pediatric liver and HSCT recipients. In
particular, we focused on the relationships of these markers with EBV replication and the
development of PTLD.

The study included 12 low-EBV recipients, 12 high-EBV recipients, and 12 PTLD cases
with atotal of 207 plasma samples (Table 1). Eighteen subjects were HSCT recipients
(donors were haploidentical relativesin 3 transplants and unrelated in 14 transplants, while
one transplant was syngeneic) and the remaining 18 were deceased-donor liver recipients.
The median age at transplantation was 3 years (range 1-19 years).
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Among HSCT recipients, 2 were EBV seronegative at the time of transplantation, 15 were
seropositive, and 1 had unknown serostatus; all donors were EBV seropositive. Among liver
recipients, 10 were EBV seronegative, 6 were seropositive, and 2 had unknown serostatus;
all donors had unknown serostatus. As expected, following transplantation EBV was less
frequently detected in plasma samples from low-EBV recipients, and when detected, EBV
loads were lower than in high-EBV recipients or PTLD cases (Table 1).

Plasma free light chains and sCD30

The median plasmalevel (interquartile range) was 1.09 mg/dL (0.63-1.74) for kappa FLC,
1.61 mg/dL (0.94-2.82) for lambda FLC, and 124 ng/ml (80.1-184) for sCD30. Levels were
above normal for 20.8%, 28.0%, and 94.2% of kappa, lambda, and SCD30 measurements,
respectively. Kappa and lambda FL C levels were correlated with each other (R=0.77), and
both were correlated with sSCD30 (R=0.40-0.47).

In univariate analyses (not shown), levels of al three biomarkers levels were higher in liver
than HSCT recipients, and increased with EBV load and time since transplantation. In Table
2, we show results from multivariable models that adjust for the category of recipient and
treatment directed at PTLD or high EBV load. The most consistent finding was a significant
increase in each biomarker with higher EBV load (i.e., 1.18-1.82 fold increases for each
logyg increase in EBV load). For each biomarker, levels appeared to increase after the first 6
months following transplantation, although a significant trend was present only for sCD30.
sCD30 levels decreased with the age of the recipient, and kappa levels were almost 4-fold
higher in liver than HSCT recipients (Table 2).

Overdl, 53 samples (26%) showed a polyclonal FLC elevation, 13 (6%) showed a
monoclonal elevation, 10 (5%) showed an abnormal FLC ratio without elevation, and 131
(63%) manifested anormal FLC pattern (Table 3). Polyclonal FLC elevations were more
common with increasing time following transplantation (p=0.02) and in samples that
demonstrated higher sCD30 levels (p=0.02). Among PTLD cases, only 6 (50%) had one or
more plasma samples available from before PTLD diagnosis, but 11 (92%) had a specimen
at PTLD diagnosis. All samples with a monoclonal elevation werein PTLD cases (13
samplesin 5 subjects, the earliest of which was at PTLD diagnosis). As shown in Figure 1,
three of these PTLD cases (subjects 2, 6, 13) had monoclonal FLC elevations at PTLD
diagnosis, while the other two cases (subjects 7 and 8) had monoclonal FLC elevations later.
FLC levelstended to parallel EBV load results (Figure 1).

For subject 13, PTLD tumor tissue at initial diagnosis did not show light chain restriction, in
contrast with the FLC pattern in plasma at the time of PTLD diagnosis, which was
consistent with a monoclonal excess of kappa. However, 5 years after initial diagnosis, this
subject again developed PTLD, and at that time the tumor was kappa restricted; no plasma
was available at the time of recurrence. Two additional PTLD cases with monoclonal FLC
patterns (subjects 7 and 8) also had PTLD tumors that did not show light chain restriction.
Tumor tissue was not obtained for the remaining two PTLD cases (subjects 2 and 6), so
there were no data on light chain restriction in tumor cells.

M-proteins detected by protein electrophoresis and immunofixation

Twenty-four of 35 evaluated recipients (69%) had detectable M-proteins, of which 11 were
seen with both protein el ectrophoresis and immunofixation and 13 were seen only with
immunofixation. M-proteins appeared more frequently in PTLD cases (n=10 cases, 91%)
than high-EBV recipients (n=6, 50%) or low-EBV recipients (n=8, 67%), but this difference
was not significant (p=0.13).
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Among the 24 samples with M-proteins, 12 (50%) had FL C measurements consistent with
polyclonal elevations, 2 (8%) had monoclona FLC elevations that corresponded to the light
chain detected in their immunofixation, 1 (4%) had no elevation but a skewed FLC ratio that
matched the immunofixation result, and 8 (33%) had normal FLC levels. The remaining
sample with an M-protein was from subject 6, who developed PTLD: the immunofixation
revealed an IgM kappa M-protein, but the FL Cs manifested monoclonal elevation of lambda
FLCs.

Of the 10 PTLD cases with M-proteins, 3 lacked tumor tissue or staining to assess for light
chain restriction, and 4 tumors were noted to lack light chain restriction. Of the remaining
PTLD cases, one with an 1gG lambda M-protein had atumor that was kappa restricted.
Another case had an 1gG kappa M-protein, but the tumor wasaT-cell PTLD. The final
PTLD case with an M-protein was subject 13, for whom an IgM kappa M-protein was
detected at PTLD diagnosis, in agreement with the plasma FLC result. As noted above, the
tumor in this case did not show light chain restriction at diagnosis, but kappa restriction was
present 5 years later with arelapse.

Discussion

In the present study of pediatric liver and HSCT recipients, we evaluated multiple markers
of B-cell dysfunction, including elevated plasma levels of FLCs and sCD30, and the
presence of circulating M-proteins. While the predominant immune deficit among transplant
recipientsis related to iatrogenic T-cell suppression, disordered B-cell function is also
common (4-12;16;18-20). Furthermore, since most PTLDs are derived from B-cells,
markers of B-cell abnormalities may help identify recipients at high risk of this adverse
outcome.

Overdl, FLC abnormalities were very common among the recipients we evaluated, with
abnormally elevated levels detected in 20-28% of plasma specimens. The most common
abnormality was a polyclonal FLC excess in which kappa and lambda FL Cs were
proportionately increased, so that the kappa/lambda FL C ratio remained within the normal
range. Additionally, levels of SCD30 wereincreased in the vast majority (94%) of samples.
These findings are consistent with frequent polyclonal B-cell dysfunction and activation
among solid organ and HSCT recipients.

Causes of B-cell dysfunction in recipients include profound T-cell deficits from
immunosuppression, as well as chronic immune stimulation from the organ allograft or graft
vs. host disease (20—22). Furthermore, in the present study three biomarkers (kappa and
lambda FL Cs, sSCD30) were strongly increased in association with higher EBV |oads.
Elevated EBV loads likely reflect, in part, increased proliferation of EBV-infected B-cells,
and our results support that this process leads to detectable increases in circulating B-cell
activation markers.

Our detection of M-proteinsin more than half of recipientswho did not have PTLD is
consistent with prior studies of HSCT (preval ence of 18-52%) and solid organ transplant
(28-50%) (6-12). In the U.S. general population, for comparison, one survey found M-
proteins in approximately 3% of adults (largely non-Hispanic whites) over age 50 (23).
Perhaps surprisingly, we did not find concordance between the light chain component of M-
proteins and circulating FL Cs. The most notable discrepancy was for subject 6, aPTLD case
who had an IgM kappa M-protein but an excess of lambda FLCs. A similar lack of
agreement between M-proteins and FL Cs has been described in aminority of multiple
myeloma patients (24).
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In the setting of transplantation, the detection of M-proteins may also largely be a
manifestation of generalized B-cell dysfunction, reflecting the presence of oligoclonal B-cell
populations that secrete immunogloublins at varying levels, rather than a true monoclonal
population of tumor cells (as seen in multiple myeloma). Among transplant recipients, both
plasma cells and EBV-transformed lymphocytes are likely sources of circulating
immunoglobulins (25). Among the transplant recipientsin the present study, most M-
proteins were present at low concentration, as more than half were only seen with
immunofixation. In addition, detection of M-proteinsis often transient among transplant
recipients and people with human immunodeficiency virus (an immunosuppressed state with
T-cell deficits analogous to transplantation) (7-9;26;27). Babel and colleagues previously
noted a positive association between the detection of M-proteins and EBV |oad among
kidney recipients (28). We did not find asimilar difference in M-proteins between low-EBV
and high-EBV recipients, athough our sample size was limited. Among HSCT recipients,
the presence of an M-protein is more common when chronic graft vs. host disease is present
(6), further highlighting the importance of immune dysregulation.

Several observations suggest that these abnormalities in circulating immunoglobulin
proteins are more frequent in PTLD cases than other transplant recipients. All but one PTLD
case (91%) had a detectable M-protein, and all of the plasma samples that showed
monoclonal FLC elevations were from PTLD cases. Nonetheless, we did not find consistent
evidence that PTLD tumor cells were actually the source of the abnormal immunoglobulins.
Of the 7 PTLD cases who had M-proteins and who a so had evaluated tumors, none had M-
proteins that matched the light chain restriction in the tumor. Indeed, one PTLD case with a
circulating M-protein had a T-cell PTLD. Moreover, monoclonal FLC elevations were not
limited to recipients whose tumors showed monoclonal light chain restriction. Thus, in
addition to lack of agreement between M-proteins and plasma FLCs, a striking finding was
that these circulating monoclonal immunoglobulin proteins (intact M-proteins and FL Cs)
did not match the proteins produced by tumor cells. Tsai et a. similarly reported a
substantial lack of agreement between circulating M-proteins among solid organ recipients
and the light chain restriction of PTLD tumor cells (14).

Given that PTLD tumors are sometimes polyclonal (1;29), one possibility is that some of
these discrepancies between tumors and circulating immunoglobulins occurred because the
biopsied tumor tissue did not include cells from the B-cell clone producing the circulating
proteins. One PTLD case (subject 13) isinstructivein thisregard. In this recipient, a plasma
sample at PTLD diagnosis revealed both an IgM kappa M-protein and a monoclonal excess
of kappa FLCs. At the time of PTLD diagnosis, when the M-protein and FLC excess were
detected, this recipient’s tumor did not show light chain restriction, but 5 years later, a
relapse of PTLD was kappa-restricted. The kappa restriction of the tumor at relapse may be
acoincidence, but it is also possible that a kappa-restricted B-cell clone, which later gave
rise to the relapse, was already present at the time of the initial PTLD diagnosis.

Although our findings regarding PTLD are inconclusive, results of previous studies support
associations of circulating FL.Cs and sCD30 with PTLD. In our prior case-control study of
solid organ recipients (16), PTLD cases were more likely to have elevated FLC levels than
controls. Hague et a. previously demonstrated higher plasma levels of sSCD30 in PTLD
cases than in thoracic organ recipients without PTLD (18). Among HIV-infected people,
circulating FLC and sCD30 levels are predictive of the development of NHL (27;30-32),
and levels of SCD30 are aso predictive of NHL in the general population (19).

Strengths of our study were the inclusion of both solid organ and HSCT recipients,
recipients with and without PTLD, and recipients with differing EBV loads. Also, we
evaluated multiple samples from transplant recipients, including samples from before PTLD

Transplantation. Author manuscript; available in PMC 2014 February 15.
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diagnosis, which allowed longitudinal assessment of these markers. A limitation was that the
study subjects were selected from participants in previous clinical studies, so they may
therefore not be representative of other transplant recipients. It is unknown how associations
with these markers might differ for other groups of recipients (e.g., adults, recipients of

other solid organs). A further limitation was the small sample size, which precluded detailed
analyses of subsets of transplant recipients (e.g., separately for liver and HSCT recipients).
We did not evaluate associations of these B-cell markers with some relevant clinical
conditions (e.g., use of immunosuppressive medications, rejection, graft-vs.-host disease),
and assessing these rel ationships would be of interest for further research.

Given the high risk of PTLD among transplant recipients, there is aneed for clinical assays
to identify those with incipient PTLD. The detection of an elevated EBV load is associated
with the presence of PTLD, but previous studies have demonstrated that thisfinding is
somewhat non-specific (22;33;34). It would be of substantial interest if markers of B-cell
dysfunction could help identify a subset of recipients at greatest risk of PTLD, especially
well in advance of when PTLD becomes clinically apparent. Of interest, our prior study
demonstrated that FL C elevations can predict the subsequent development of PTLD over a
period of about half ayear (16). In the present study we did not observe any PTLD cases
with prior monoclonal FLC elevations (the earliest was at the time of PTLD diagnosis),
although some cases did not have specimens prior to diagnosis that could be evaluated.
Additional work is needed to further assess the utility of these B-cell markers for identifying
transplant recipient at high risk of developing PTLD in a prospective setting.

In conclusion, we observed a high prevalence of plasma markers indicating abnormal B-cell
activation in both solid organ and HSCT recipients. The frequent detection of monoclonal
patterns of FLC elevation and M-proteins was associated with elevated EBV load and
PTLD. Nonetheless, the markers were not entirely consistent with each other, and we could
not demonstrate evidence that the FL Cs and M-proteins were produced by PTLD tumor
cells. In addition to pursuing possible clinical applications of these markers, future studies
should elucidate mechanisms of B-cell dysfunction in transplant recipients.

Materials and Methods

Subject selection

Study subjects were children (age 0-19 years at transplantation) drawn from clinical studies
of PTLD surveillance or therapy, whose protocols and results have been previously reported
(35-39). They were included in the present investigation if sufficient stored plasma
specimens were available. Approval was obtained from the Baylor institutional review board
to study longitudinal plasma samples from subjects in these prior studies.

Subjects fell into three categories based on clinical data and previous EBV load testing:
recipients who developed PTLD (i.e., PTLD cases), recipients with high EBV loads who
never developed PTLD (high-EBV recipients), and recipients whose EBV load remained
low (low-EBV recipients). High EBV loads were defined as more than 1000 copies/ug of
peripheral blood DNA.

Laboratory methods and tumor evaluation

Heparinized plasma samples were tested for FLCs on a PLUS Special Protein Analyzer Plus
platform using Freelite reagents (The Binding Site, Birmingham, United Kingdom) (40). For
interpretation, we describe FLC levels as multiples of the upper limit of normal (ULN: 1.94
mg/dL for kappa, 2.63 mg/dL for lambda). Based on the kappa/lambda FL C ratio (normal
range: 0.26-1.65), we also describe FLC elevationsin four categories. polyclona elevation
(elevated kappa and/or lambda with normal ratio), monoclonal elevation (elevated kappa
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and/or lambda, with an abnormal ratio), no elevation with an abnormal ratio, and normal
(41). sCD30 levels were measured using an enzyme linked immunoassay (eBioscience, San
Diego, Cdlifornia). The upper limit of normal for SCD30 levelsin heparanized plasmais
43.3 ng/ml.

For assessment of M-proteinsin PTLD cases, we chose one plasma sample closeto PTLD
diagnosis; results are unavailable for one case. For high-EBV recipients, we selected the
sample with highest EBV load, while for low-EBV recipients, we chose a sample in the first
612 months after transplant (if possible). Protein electrophoresis and immunofixation were
performed using a SPIFE 3000 analyzer (Helena Laboratories, Beaumont, TX).

EBV load was measured from peripheral blood mononuclear cells (PBMCs) as described
previously (42), by areal time polymerase chain reaction assay using primers specific for
the EBER-1 region of the EBV genome. Results are expressed as copies/ug peripheral blood
DNA, with adetection limit of 10 copies/ug. Transplant recipients were diagnosed with
PTLD according to standard criteria (1). Light chain restriction in tumor cells was measured
by immunohistochemistry.

Statistical analyses

We compared levels of kappa and lambda FL Cs and sCD30 across categories defined by
recipient characteristics, EBV load, and time since transplant. These analyses used
generalized linear models that accounted for repeated measurements on subjects using an
independent working correlation matrix (GENMOD procedure, SAS 9.1; Cary, NC). Ina
multivariable model, we included characteristics associated in univariate analyses with at
least one of the three biomarkers, as well as the category of the recipient (PTLD, high-EBV,
low-EBV) and whether there was prior treatment for PTLD or high EBV load (defined as
cytoreductive surgery, rituximab, chemotherapy, or EBV-directed cytotoxic T lymphocytes)
(22). FLC and sCD30 levels were logsg-transformed to better approximate normality, so that
model coefficients correspond to relative differences (i.e., fold changes) across the
categories. Residual plots from these models indicated that the assumptions of normality
were met in the logg-transformed data. In analyses that assessed |0gyg-transformed EBV
load as a predictor, EBV-negative samples were assigned a value of 5 copies/ug (i.e., half
the lower limit of detection).

We also evaluated whether the frequencies of FLCs defined in the four-way classification
(polyclonal elevation, monoclonal elevation, no elevation with an abnormal ratio, normal)
differed across recipient categories using a Fisher exact test; given the dependence of the
repeated samples from the same recipients, we obtained permutation-based p-values for this
test.
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Subject 6: HSCT, B-cell PTLD

0.1 0.2 0.3 0.4
Years since transplant

Subject 8: Liver transplant, B-cell PTLD
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Years since transplant

L ongitudinal measurements of plasmafree light chain and EBV loadsin five PTLD cases.
Results are shown for five transplant recipients who developed PTLD and who had at least
one plasma sampl e that manifested a monoclonal pattern of free light chain elevation. A
monoclonal pattern is present when at least one free light chain is above the upper limit of
normal and the kappa:lambda ratio is abnormal. Results are shown for kappa (squares) and
lambda (circles), according to multiples of the upper limit of normal (left axis). Sold
symbols represent observations for which a monoclonal FL C pattern was present, and open
symbols when amonoclonal FLC pattern was absent. The EBV load is shown as a dashed
line with X symbols, using alogarithmic scale (right axis). The PTLD diagnosis dateis
shown with avertical line. The panels also include information about the transplant (liver vs.
hematopoietic stem cell transplant) and type of PTLD. Note that the time scale differs across

panels
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