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Soluble Fas Levels in Sera of Bone Marrow Transplantation Recipients

Are Increased During Acute Graft-Versus-Host Disease But Not During Infections

By Linda M. Liem, Thea van Lopik, Annemarie E.M. van Nieuwenhuijze,
Hans C. van Houwelingen, Lucien Aarden, and Els Goulmy

Graft-versus-host disease (GVHD) and infections are two
major complications of allogeneic bone marrow transplanta-
tion (BMT). In the course of GVHD, one of the pathways that
activated cytotoxic T cells use to execute their killing mecha-
nisms is the Fas/Fas ligand pathway. This killing mechanism
might be accompanied by the release of soluble Fas (sFas) in
the circulation. To examine the association of serum sFas
levels and post-BMT complications, we have analyzed sFas
levels in sera of bone marrow recipients with and without
GVHD. Postallogeneic BMT sFas levels were significantly

increased during clinically relevant acute GVHD (aGVHD; P =
.002). However, during infections sFas levels tended to
decrease (P = .088). Yet, the simultaneous occurrence of
GVHD and infections resulted in extreme high sFas levels.
These results suggested that sFas release may be correlated
with the amount of tissue damage, because aGVHD induces
more damage than infections. The presence of significantly
increased sFas levels during aGVHD provides new insights
into the GVHD pathogenesis.
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EMATOLOGICAL MALIGNANCIES can be treated by induction in vitro20:24.26.2’Studies in Fas-deficiefpr mice and
bone marrow transplantation (BMT). However, alloge- in FasL-lackinggld mice indicated that Fas-mediated cytotoxi-

neic BMT can be complicated by graft-versus-host diseaseity is an important effector mechanism in GVHE?34
(GVHD) and infections, because BMT recipients are immuno- To our knowledge nothing is known about the production of
suppresse#® Moreover, GVHD enhances the susceptibility for sFas during GVHD or organ transplant rejection in man. We
infections and, although they occur simultaneously, GVHD mayquestioned whether there exists a causal relationship between
be masked. the putative increased T-cell activity during GVHD and sFas

Induction of apoptosis is an important T-cell effector mecha-levels in BMT recipients. Because T cells are also involved in
nism that is mediated by the interaction of the Fas/APO-1the immune response during infections, we have analyzed sFas
molecule with its ligand (FasL37 Fas is a member of the tumor levels in BMT recipients during acute GVHD (aGVHD) and
necrosis factor/nerve growth factor receptor (TNFR/NGFR)infections.
superfamily?-1° Soluble receptors have been described for other
members of the TNFR/NGFR family, which are mainly derived
by proteolytic cleavagé:-14 Soluble forms of the TNF receptor Patients. Fifty-two adult patients who underwent BMT between

type | and Il are present in human serum and are able to inhibit978 and 1990 in the Leiden University Hospital were included in this
TNFa activity 1510 study. Thirty-nine patients received bone marrow from a human

A soluble splice variant of Fas (sFas) has been identified inIeukocyte antigen (HLA)-identical sibling, 1 patient received bone

R : . . marrow from her HLA-identical father, and 12 patients received
the serum of healthyllndIVId.uaIS, of patients with al,JtO'mmuneautologous bone marrow. Underlying diseases were acute myeloid
diseasé???and of patients with B- and T-cell leukemi&AISO  |eykemia (n= 33), chronic myeloid leukemia (& 6), non-Hodgkin's
B- and T-cell lines and activated peripheral blood mononuclealymphoma (n= 4), aplastic anemia (s 4), morbus Hodgkin’s (= 3),
cells were shown to produce sP&sS Alternative splice  and acute lymphoblastic leukemia ¢n2). Patients were conditioned
variants of the Fas-gene have been identified, indicating thawith cyclophosphamide (Cy) and total body irradiation (TBI=r37);
sFas is generated by alternative splicing rather than proteolyti€y and total lymph node irradiation (s 4); Cy, campath, and
cleavageé® 232527 sFas has been shown to inhibit apoptosis busulphan (n= 3); Cy, BCNU, and etoposide (& 3); Cy, TBI, ATG,
and Ara-C (n= 2); Cy, BCNU, etoposide, and Ara-C ¢ 2); or Cy,

TBI, and campath (& 1). Cyclosporin A (= 18) or methotrexate (&
22) was given as GVHD prophylaxis. Of the patients receiving

From the Department of Inmunohematology and Blood Bank and theallogeneic bone marrow (19 women and 21 men) the mean age was 30
Department of Medical Statistics, Leiden University Medical Center,years (range 17 to 47). The mean age of the patients receiving
Leiden, The Netherlands; and the Central Laboratory of the Nether-autologous bone marrow (5 women and 7 men) was 37 (range 20 to 58).
lands Red Cross Blood Transfusion Service, Amsterdam, the NetheNormal levels of sFas were determined in sera taken from bone marrow
lands. donors (n= 41) and healthy blood donors (# 15) designated as
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blood donors. All sera were stored-aB0°C until further use. For this  autologous bone marrow recipients rose slightly in the first 30
study we have striven to include at least one sample for every 10-daglays post-BMT, although this increase was not significant

period post-BMT until day 100 and during complications. (median pre-BMT level= 549.5 pg/mL; median post-BMT
Serum sFas measurementsSerum sFas levels were assessed by|eve| = 724.4 pgimLP = .122; Fig 1A).

sandwich enzyme-linked immunosorbent assay (ELISA) using monoclo- ) . .
nal antibodies CLB-CD95/2 and CLB-CD95/6. Maxisorp microtiter The pre-BMT levels of 40 allogeneic BMT patients ranged

plates (Nunc, Roskilde, Denmark) were coated overnight with 100b.etween.166.(.) a'f‘fj 4,570.9 pg/mL (median 660.7 pg/mL) and
uL/well CLB-CD95/2 (2 pg/mL) in 0.1 mol/L NaHC@Na,COs buffer did not differ significantly from ngs levels of healthy controls
(PH = 9.6) at room temperature and blocked with 100 pL/well (P = .16) or of autologous patients pre-BMP (= .32).
phosphate-buffered saline (PBS)/2% whole milk for 30 minutes at roomAllogeneic BMT recipients without complications showed a
temperature. Samples were diluted 10 times in high performance ELIS/ignificant increase in sFas levels after BMT (median pre-BMT
buffer (HPE; CLB, Amsterdam, The Netherlands). Atwofold dilution of level = 660.7 pg/mL; median post-BMT leve: 1,047.1

the standard was made in HPE, ranging from 1,000 pg/mL to 2 pg/mLpg/mL; P < .001; Fig 1B). sFas levels in both autologous and
One hundred microliters of samples and standards and 10 pL biOti”ylallogeneic BMT recipients without complications did not stay

ated CLB-CD95/6 (10 pg/mL) were pipetted into each well and the oo\ ateq, put returned shortly post-BMT to normal or to slightly
plate was incubated for 2 hours at room temperature. After Washln(_:blevated levels (data not shown)

vigorously 100 pL/well streptavidine poly-horseradish peroxidase (1: . L . .
10,000 diluted in PBS/2% milk) was added to the plate, incubated for 30 F_)O_St'BMT Ieve_ls during Cpmpllcatlons |r} a”_OQeneIC BMT
minutes at room temperature, and washed vigorously. The ELISA wad€CIPIENts. In patients suffering from complications sFas lev-
developed using 0.1 mg/mL 3,5,3-tetramethylbenzidine (Merck, els reached higher levels than in patients without complications.
Darmstadt, Germany) and 0.003%®3 in 0.11 mol/L NaAc (pH= To analyze the effects of aGVHD and infections on sFas levels,
5.5) for 10 minutes. The color reaction was stopped with 100 uL 2Mthe absence or presence of each complication was recorded for
H2SO, and plates were read at 450 nm in a Titertek Multiskan readereach sample date. Table 1 shows the descriptive statistics of the
(Labsystems Multiskan Multisoft, Helsinki, Finland).

sFas levels and liver involvementSixteen patients suffered from
moderate to severe GVHD without liver involvement, and 15 patients A
suffered from moderate to severe GVHD with liver involvement. To 100007
evaluate the contribution of liver damage to increased sFas levels, tote
blood bilirubin levels were used as a marker for the occurrence of liver -1
damag#® after exclusion of other causes of hyperbilirubinemia.

Statistical analysis. For statistical analysis, sFas levels were trans- 10004 _]_ -
formed to their%og value. To test for differences in sFas levels of ———
healthy controls and pre-BMT sFas levels of BMT recipients unpaired —1-
t-tests were used. Differences between autologous BMT patients an
allogeneic patients on the changes in sFas levels from pre- to post-BM’ 100 —
were determined with the repeated measurements multivariate analys
of variance (MANOVA). For this analysis sFas levels determined in
sera, taken from autologous bone marrow recipients (2) and from

sFas (pg/mi)

allogeneic bone marrow recipients without complications=(n26) 104

before BMT and within 30 days post-BMT, were used. The factor Controls Pre BMT PostBMT
“patients” is included in the analysis to correct for general patient Autologous BMT
levels.

To determine the correlation of aGVHD or infections with changes in
sFas levels post-BMT within the allogeneic BMT group, these compli-
cations were coded into the following dichotomous variables: 10000
“‘aGVHD” = grade 0 to | (0) versus grade Il to IV (1) and
“infection” = absence (0) versus bacterial, viral, or fungal infection S
(1). The statement used in the MANOVA is the following: sFas BY
patients (1 40) WITH aGVHD, infection. Thus, only changes within 10004
patients are used and not the differences between patient groups. Tt
analysis can be seen as an extension of the well-known patiestl The
correlation between changes in sFas levels and changes in bilirubi §
levels within selected patients was obtained in a truly multivariate
MANOVA with “patients” as factor and®og(bili) and sFas as outcome
variablesP values less than .05 were accepted as significant.

alls

sFas (pg/ml)

RESULTS
10
sFas levels in healthy controls and in BMT recipients without Controls Pre BMT Post BMT
complications. Control serum sFas levels were determined in Allogeneic BMT

healthy controls and ranged from 112.2 to 2,951.2 pg/mL
(median 512.9 pg/mL). The pre BMT sFas levels of 12 patients Fig 1. Box-whisker plots of sFas levels in sera of controls, of

. tol b ipient: - and t-BMT (A d of
receiving autologous BMT ranged between 323.6 and 1,047.f\/tC090us bone marrow recipients pre- and pos (A), and o
allogeneic bone marrow recipients pre- and post-BMT (B). The box

pg/mL (median 549.5 pg/mL) and did not differ significaptly represents the 25% and 75% percentiles, with a line indicating the
from sFas levels from healthy controR € .92). sFas levels in  median value. The whiskers show minimum and maximum values.
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Table 1. Post BMT sFas Levels With or Without Severe not correlated to the occurrence of complications and was more
aGVHD or Infections pronounced in allogeneic BMT recipients than in autologous
AGVHD No Infection Infection BMT recipients. Immunologic disparities between donor and
Grade # Median  25%-75% #  Median 250-75% host in allogeneic BMT may cause immunoreactivity early after
01 261 11749 851116218 103 11482 7762.1737.8 allogeneic BMT, which will subside when the graft is accepted.
IV 83 14454 955.0-1,9953 32 18621 1,071.5-2,511.9 Thus, the conditioning regimen itself causes an increase in sFas
- levels, which is reinforced by immunoreactivity in allogeneic
In each group the number of post-BMT samples (#) and the quartiles BMT.
(median, 25% percentile and 75% percentile in pg/mL) are given. N . .
Grade 0-1 = no or mild aGVHD, grade IV = clinically relevant aGVHD. Furthermore, a significant correlation between increased sFas
Infection comprises viral, bacterial, and fungal infections. levels and aGVHD grade II-1V is found but not with infections.

In the presence of both aGVHD and infections, strongly

increased sFas levels were found, indicating that the enhancing

sFas levels meggured in the presence of no to mild aG\./HDeffect of aGVHD on sFas levels dominates over the leveling
(grade 0-1) or clinically relevant aGVHD (grade II-1V) and in

. . effect of infections. Increased sFas levels coincided and in some
the absence or presence of infections. Of each group the numb{ﬁr

. . 0 . éatients preceded aGVHD episodes.
of samples measured and quartiles (median, 25% percentile & The source of increased levels of sFas found during GVHD is
75% percentile) are given. Median sFas levels increase during . .
o . - nknown. sFas can be produced by activated immune cells and,
relevant aGVHD but not during infections. However, in the P y

X ; because Fas has a wide tissue distribution, it may also be
presence of both relevant GVHD and infections sFas levels are Y

6 itu-
strongly elevated. The effect of both aGVHD and infections onr.e leased by damaged target céfS® Hepatocytes constltu_
. ively express Fas and are a ready target for Fas-mediated
sFas levels were analyzed in the repeated measurementls

188,39 i i
MANOVA analysis as described in the Materials and MethodsapOptOS|§' Because the liver is one of the target organs of

section. Statistical analysis of the different complications showeaSV:f%aizastorfrl]ia;?hgﬁcizngzgjﬁ lr;%?;c;gﬁt:j dnl]?i)r: COGr:;:'tgjte
that during aGVHD (grade 1I-IV) sFas levels are significantly 9 Y g :

. - Our study showed a significant correlation between bilirubin
increased P = .002), whereas sFas levels tend to decreas A ) .

e . - ) evels and sFas levels indicating that liver damage, as delineated
during infections P = .088; Table 2).

Correlation of sFas and liver GVHD. To investigate whether by serum hyperbilirubinemia, is associated with increased sFas

. . o levels However, because Fas is also expressed in the skin and
liver damage is correlated with increased sFas levels, total

blood bilirubin levels were used as a marker for liver damage.gastrointestinal tract, sFas may also be released by these tissues
during GVHD3!

Sixteen patients suffered from moderate to severe GVHD .
without liver involvement, and 15 patients suffered from The presence of elevated levels of sFas in the sera of GVHD

moderate to severe GVHD with liver involvement. MANOVA patients prompted us to hypothesiz_e on the role of _sFas in the
analysis showed a significant correlation between bilirubinPatn0genesis of GVHD. Fas/FasL-induced apoptosis normally

levels and sFas levels & .443,P < .001), indicating that sFas serves as a mechanism for the regulation of an immune response
levels during GVHD with liver involvement were significantly via activation-induced cell death. Activated lymphocytes ex-

different from sFas levels during GVHD without liver involve- Pr€sSS both Fas and FafL ar_lo! c?n mo_luce apoptosis ‘|‘n c_)ther
ment. activated lymphocytes (“fratricide”) or in themselves (“sui-
cide”).4%-47 sFas molecules are able to block Fas/FasL interac-
DISCUSSION tion and, thus, prevent apoptosis inductf8#*26Although the

In experimental GVHD, Fas-mediated apoptosis is an impor_Ievels found in serum are probably too low to play a role in the

tant effector mechanisit:37A soluble form of Fas (sFas) can be prevention of apoptosis, local levels at the site of the graft-versus-

detected in human serum and is able to inhibit Fas-mediate ostreaction may be much hlgﬁésF.as.m.ay play a dual role n
096 97 : VHD. On the one hand sFas may inhibit Fas-related cytotoxic-
apoptosis in vitrd226.27 Because activated lymphocytes pro-

duce sFas and lymphocyte activity plays an important role in|ty of the effector T cells on the target cells during GVHD.

. . However, because elevated levels of sFas are found during
GVHD, we questioned whether sFas would play a role in the_ . . : .
L active GVHD, this explanation does not seem plausible. On the
GVHD pathogenesis in humans.

Our results showed that BMT treatment already caused ar?ther hand sFas may prevent_ Fas-mediated apoptosis c_>f the
. : - effector T cells themselves. This latter event would result in a

early and temporary increase in sFas levels. This increase was S
non—self-limiting immune response and may lead to a pro-

longed graft-versus-host reaction, because effector T cells will

Table 2. Results of the Repeated Measurements MANOVA still be able to kill through the perforin/granzyme pathviay.
Complication B SE P value Support for such a mechanism was described in patients with
aGVHD 0.061 0.019 002 systemic lupus erythematosifs.

Infections —0.028 0.016 088 In contrast to the high serum sFas levels found during

GVHD, sFas levels tend to decrease during infections. This may
analysis. For each, complication, regression coefficient (B), standard |mply that re_gl‘"atl_on of the immune r_esponse via Fas/FasL
error (SE) and P values are given. In this analysis, B represents the during infections is not blocked by high levels of sFas as
effect of the presence versus the absence of a complication on sFas opposed to the regulation of the immune response during
levels. Thus, a positive B indicates an increasing effect, whereas a GVHD. Recent observations suggest that membrane-expressed
negative B indicates a decreasing effect on sFas levels. Fas and sFas can be differentially regulat&®.Whereas the

sFas values were transformed to their °log value for statistical
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regulation of Fas and sFas expression during infections mayhe cDNAfor the type | TNF-R, cloned using amino acid sequence data
reflect the normal immune response, high levels of sFas foundf its soluble form, encodes both the cell surface and a soluble form of
during GVHD may not only result from release by damagedthe receptor. EMBO J 9:3269, 1990
cells but also by abnormal expression of the sFas splice variant, 12 Kohno T, Brewer MT, Baker SL, Schwartz PE, King MW, Hale
n conclusio, we iave shown hat nreased serum sFafs XU1e O Tertecn °€ s o e ner e
levels in BMT patients Cprrelate 3|gn|flcar_1tly Wlt_h aGVHD and ecrosis factor inhibitor. Proc Natl Acad Sci USA 87:8331, 1990
f"“e fgrther |ncre§sed in those cases in which G_VHD_ and 43 Seckinger P, Zhang JH, Hauptmann B, Dayer JM: Characteriza-
infections occur simultaneously. In cases of solely Infec'['Ons"tion of atumor necrosis factor alpha (TNF-alpha) inhibitor: Evidence of
sFas levels tend to decrease in BMT patients. The latter findingmmunological cross-reactivity with the TNF receptor. Proc Natl Acad
may have also been of great importance for solid organsci USA87:5188, 1990
transplantation, because diagnosis between rejection and infec-14. Loenen WA, de Vries E, Gravestein LA, Hintzen RQ, van Lier
tion is difficult and requires, more than in BMT, examination of RA, Borst J: The CD27 membrane receptor, a lymphocyte-specific
biopsy specimens of relevant organs. Furthermore, high locanember of the nerve growth factor receptor family, gives rise to a
sFas levels may inhibit Fas-mediated regulation of the immuneoluble form by protein processing that does not involve receptor

response, thereby facilitating development of GVHD. endocytosis. Eur J Immunol 22:447, 1992
15. Engelmann H, Aderka D, Rotman D, Wallach D: A tumor

necrosis factor-binding protein purified to homogeneity from human
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