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SUMMARY

Immunoglobulin gene rearrangements in patients treated with BMT have restricted repertoire diversity.
Clonal variability remains low for 3 months and reconstitution of the humoral immune system appears
to follow a wave-like pattern. In the present study we analysed serum IgM and IgG repertoires in
44 patients from 1 week to 3 years after transplantation. We applied a quantitative immunoblot
technique in combination with a newly developed method for estimation of repertoire diversity in
complex mixtures of antibodies. Our results demonstrate that 60% of BMT patients have severely
reduced diversity in the IgM repertoire during and after the first year post-BMT, compared with healthy
controls. In contrast, the majority of patients have a polyclonal IgG repertoire, similar to that of healthy
controls. Serum IgM repertoires remain oligoclonal even though the serum concentration of total IgM is
within normal range around 6 months post-BMT. During the first years after transplantation IgM as well
as IgG repertoires are less diverse in patients receiving a BM graft from a sibling donor compared with
those receiving a graft from an HLA-matched unrelated donor. Patients in the latter group show a higher
incidence of infections and minor antigen mismatches which may promote the development of a diverse
immunoglobulin repertoire post-BMT.
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INTRODUCTION that the oligoclonal immunoglobulin repertoire in BMT patients

We have previously shown that immunoglobulin repertoire develop-tmhIght cort1.tr|:])tute t(;f t?e_ll?pagﬁ :umoratl qunmnunlslth%l;romt.\/v:lch.
ment in patients treated with BMT is oligoclonal in rearranged DNA ese {)a_le dSI‘O su de ' d'e immune syste 'blmikx d_pa_![e S 1S
gene segments as well as among transcribed variable regions [1, aracterized by reduced Immune responsesi oandinvitro
We analysed immunoglobulin heavy chain{\earrangements by 4] Normall levels pf circulating IgM and 19G antlppdles are
polymerase chain reaction (PCR) using gene family-specific achieved during the first year after BMT [5], but specific humoral

. ; e . .. immunity often remains impaired more than 1 year post-BMT
primers, DNA sequencing and hybridization with complementarity 5.6]
determining region 3 (CDR3)-specific oligonucleotide probes. The[ ' Iﬁ this stud h nded our investiaation to immun
Vy6-containing heavy chain rearrangements remained oligoclonal this study we have expanded our investigation to immuno-
up to 3 months after transplantation [1] and3fearrangements up glqbulln repertmres on protgln level, i.e. c!rculatlng antlbodlles.
to 6 months post-BMT [2]. In addition, the development of the This analysis was m.ade. possible by application of a new technique,
immunoglobulin repertoire appeared to follow a wave-like pa’tternb"’lsed on quantltatlve_ |mmunobl_ot (QIB) developed by Nobrt_aga
with consecutive appearance and disappearance of individuat al. [7,8], that permits the estimation of functional repertoire
. . jversity in complex mixtures of antibodies, e.g. supernatants and
immunoglobulin clones. Based upon these results we suggeste )

9 P 99 sera. Further development of the technique has demonstrated that

Correspondence: |. Nanan Bjok, Div. Clinical Immunology, F79, ~ 'epertoire diversity in a sample can be related to the discrepancy of

Huddinge University Hospital, SE-141 86 Huddinge, Sweden. its immunoreactivity profile, as obtained in QIB, from the average
E-mail: ingrid.nasman-bjork@impi.ki.se reactivity profile of a very diverse random mixture of antibodies
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[9]. By using supernatants of murine spleen B cells stimulated with PATIENTS AND METHODS
lipopolysaccharide (LPS) and cultured under limiting dilution

conditions, Brissacet al. [9] demonstrated that the reactivity We included 44 patients treated with allogeneic BMT and 18

profiles converge towards the average profile when repertOIr(Flealthy controls in this study (ethical permission Dnr 167/98 from

dlve_rsny (number of ran_dom cultured clones) Increases. By €9Mine Ethical committee at Huddinge University Hospital). Before
posing a measure of distance between two profiles, in order t

niify the discrepancy between an mple profile and th?ransplantation the patients were conditioned with a combination
quantify the iscrepancy between any sample profile and e cyclophosphamide (120mg/kg) and 10 Gy total body irradia-
reference profile, they established a calibration curve that strlctl){ion Patients were given a combination of methotrexate and

correlates that measure of distance to sample diversity. The refer- . . .
! . . - I rin A A rophylaxi in r h
ence profile can be obtained by taking the average of a sufficien yelospo (CsA) as prophylaxis against graétrsushost

ber of profil ither f d ts of i fiviti isease (GVHD). Details regarding the treatment have been
nUMbEr of proflies either from random Sets otimmunoreactivities Orpublished previously [10,11]. Thirteen of the patients were treated
from the profile of a very diverse sample.

with 0-5g/kg body weight intravenous immunoglobulin (IVIG;

Using this technique we here demonstrate thatimmunoglobulirbammagard_ Baxter Medical AB, Kista, Sweden) once a week
repertoires in healthy controls are highly polyclonal and that BMTfrom 1 week’ before 0 3 months’ after ’transplantation (total 13

patients have severely reduced diversity in the IgM repertoire.d . ; - . .
) . oses). Major patient characteristics are summarized in Table 1.
More than 1 year post-BMT 39% of the patients still have a ) 1orp

repertoire very deviant from that of healthy controls. In contrast,

the majority of patients have a polyclonal IgG repertoire, similar toCollection of serum samples and determination of

that of healthy controls. We also show that both IgM and IgGimmunoglobulin levels

repertoires are less diverse in patients receiving a BM graft from &era were collected from the patients before and at several times
sibling donor compared with those receiving a graft from an HLA- after transplantation as well as from healthy controls. The patient
matched unrelated donor (MUD). This difference remains in serunsamples pre-BMT were collected before conditioning of the

Patient characteristics

samples taken more than 1 year after transplantation. patients. The first serum sample post-BMT was collected as
12 —(a)
Table 1. Patient characteristics 10+
Sibling donor MUD 8
(n=22) (h=22) P
[a)
o 65
Age (years), meart s.d. 35+ 13 25+ 14 0-01
n (%) n (%) 4r
Diagnosis 2 O pooled IgM
ALL 2 (9 6 (27)
AML 8 (36) 4 (18) 0 \ \ ! ! ! L
CML 5 (23) 8 (36) 1 3 5 7 9 11 13
Other malignancies 5 (23) 3 (14)
Non-malignant 2 (9) 1 (5
Infections
Sepsis 6 (27) 13 (59)
Pneumonia 4 (18) 4 (18)
CMV 9 (41) 10 (45)
Other viruses 6 (27) 10 (45)
Fungus 1 (5 3 (14)
Infected patients, total 15 (68) 20 (91)
ABO minor incompatibility 5 (23) 4 (18)
ABO major incompatibility 6 (27) 3 (14)
Patient survival, 3years (81) (60) 0-08
Relapse probability, 3years (5) (35) 0-01
Relapse-free survival, 3years (81) (50) 0-016 o IVIG
Received IVIG 5 (23) 8 (36) 0 \ | | | [T R SR B
aGVHD grade II-1V 3 (14) 2 (9) 1 3 5 7 9 11 13 15 17
cGVHD 12 (55) 8 (36) Section number

Fig. 1. Mean IgM (a) and IgG (b) immunoreactivity values for 18 healthy

ALL, Acute lymphoblastic leukaemia; AML, acute myeloid leukaemia; controls (C1-C18®), expressed as optical density (OD) compared with
CML, chronic myeloid leukaemia; CMV, cytomegalovirus; IVIG, intra- the immunoreactivity values for pooled human IgM or intravenous
venous immunoglobulin; aGVHD, acute graftrsushost disease; immunoglobulin (IVIG), respectively, in the different antigenic sections
cGVHD, chronic graftversushost disease. defined on the immunoblot membrane.
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™ Healthy controls C1-C18 Quantitative immunoblot

QIB is based on Western blot analysis and makes it possible to
analyse immunoreactivities of any antibody mixture (e.g. serum)
against a large sample of proteins used as reactivity probes. A
detailed description of the technique has been published previously
[7,8]. In brief, a human liver protein extract was separated on a
10% SDS—PAGE and transferred to nitrocellulose membranes
by electroblotting. After blocking with 0-2% Tween20 in
PBS, individual serum samples were incubated on the membranes
and the immunoreactivities were revealed by incubation with
secondary antibody conjugated with alkaline phosphatase. An
immunoreactivity profile was obtained for each sample by scan-
ning the membrane with a high resolution CCD camera system.
Fig. 2. Distance to the reference profile (RP) for the individual healthy The profiles were divided into sections corresponding to the
controls’ IgM and 1gG reactivity profiles, respectively. As RPs pooled antigenic sections revealed by the procedure and the reactivity
human IgM and intravenous immunoglobulin (IVIG) were used. Samplewithin each section was expressed as optica| densi’[y (OD) By
mean is indicated by a horizontal line. The distance of any Sample'iprotogold (Biocell, Cardiff, UK) staining of blotted proteins we

immunoreactivity profile to the RP inversely correlates with the samplesmu'd correct for migration distortions in the gel, which allowed
intravenous immunoglobulin repertoire diversity, so that a higher value of

distance corresponds to less diversit comparison of reactivity levels of different antibody mixtures
y: against a given section. A profile thus consisted of a list of
reactivity values, one for each section. Using this technique sera

) o from BMT patients were tested taken at different time points
early as possible after transplantation, i.e. 3 days to 1-5 weeks, ifefore and after transplantation. Sera from 18 healthy controls

most patients. The last serum sample was collected 1-3 years pogfere also analysed. For all patients and controls IgM as well as IgG
BMT in 60% of the patients and at 3 months to 1 year after gaciivities were tested. All samples from one patient were tested
transplantation in the remaining group. IgM and IgG concentra-yp, 3 single membrane and each patient was tested for IgM and 19G
tions were determined with nephelometry and ELISA. The sampleg), separate membranes. On each membrane a reference sample

were diluted in PBS with 0-2% Tween 20 to ggml IgM or a5 included: IVIG for IgG reactivities and pooled IgM for IgM
250ug/ml IgG in all samples before analysis in QIB. reactivities.

0-2 -

Distance to RP
couses + e® o000 o

w——tecw o

IgM 19G

Highly polyclonal IgG and IgM samples Estimation of repertoire diversity in serum samples

As a reference preparation of very diverse human IgG, IVIG wasThe distance of any sample’s immunoreactivity profile obtained in
used (Sandoglobin; Sandoz, Basel, Switzerland). For IgM referQIB to a reference profile correlates to functional diversity of the
ence IgM was used purified from pooled plasma frofB500  sample’s immunoglobulin repertoire. Ideally the reference profile
healthy donors (pooled IgM) using a modified Deutsch—Kistler—should contain a very diverse, random mixture of antibodies
Nitschmann ethanol fractionation procedure followed by octanoicproduced by an infinite number of immunoglobulin-secreting
acid precipitation and two successive ion-exchange chromatoelones. The most appropriate source containing such a diverse
graphy steps [12]. Both IVIG and pooled IgM were a kind gift representation of antibody reactivities is human IVIG and pooled
from Dr S. Kaveri (INSERM U340, Paris, France). human IgM. These preparations are very close to random mixtures,

101~ (a) — (b)

04} -

Distance to RP

02+ I

0 40 80 120 0 40 80
Weeks post-BMT

Fig. 3. Distance to the IgM reference profile (RP) at different time points after transplantation for sera from 41 patients. Three categories of
intravenous immunoglobulin repertoire diversity (see Results for details) are defined based on the values obtained for healthy controls:
normal, deviant and very deviant. (a) Patients that have a normal IgM repertoire diversity at all time points analysed. (b) Patients with a
deviant IgM repertoire during at least one time point post-BMT. (c) Patients with a very deviant IgM repertoire diversity during at least one
time point. A vertical bar to the right in each panel indicates the range of distances for the controls.
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Fig. 4. Individual IgM (a—c) and IgG (d—e) (see next page) immunoreactivity values in patient sera expressed as optical density (OD). (a,d)
Patient samples with normal IgM repertoire diversity. (b,e) Patient samples with deviant IgM repertoire diversity. (c,f) Patient samples with
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very deviant IgM repertoire diversity. Individual reactivities in antigenic sections are represented.dyopled human IgM (a—c) and
intravenous immunoglobulin (IVIG) (d,e) are represented by solid lines.

© 2000 Blackwell Science LtdClinical and Experimental Immunolog$19240-249



244

oD

oD

oD

30

25

20

15

10

30

25

20

15

10

30

25

20

15

10

. N. Bjork et al.

IgG immunoreactivity values

Normal IgM repertoire diversity

(d)
+
+ +
+ T+
+
+ i + +
+ I " +
= = + = = = ~
| | | |
5 10 15 20
(e) Deviant IgM repertoire diversity
% ) +
i +
+ +
+
+ + + N + +
= + = - _ L =
| | | |
5 10 15 20
) Very deviant IgM repertoire diversity
+
S +
-+ +
N 7 T SE N L
| | | |
5 10 15 20

Section number

Fig. 4. (Continued (see previous page for caption)
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since antibody repertoires in single individuals are very differentdiversity. The first group includes patients that at all time points
from each other [13], and are expected to be very diverse since thesfter transplantation have a normal repertoire (Fig. 3a). The second
are selected on a very large number of genetic backgrounds anghtient group has at least one time point that is deviant from the
shaped by individual immune experiences. healthy controls (Fig. 3b). Patients with a very deviant immuno-
Using this measure of distance we followed repertoire diversityglobulin repertoire diversity constitute the third group (Fig. 3c).
fluctuations in sera from BMT patients after transplantation and inWe demonstrate that for IgM reactivities the majority of patients
healthy controls. Each sample was tested both for IgM and IgGvere very deviant from healthy controls at at least one time point
reactivity and the distance to the corresponding reference profile waafter BMT. It is also obvious that development of repertoire
calculated. For each section the squared difference was measurdiversity varied extensively between patients. Some patients
between the sample profile and the reference profile, normalized bshowed an increasing degree of polyclonality over time, whereas
the reference profile value in order to obtain non-dimensionalothers became less polyclonal or showed a fluctuating pattern. In
units, and this measurement was averaged over all sections for eaflig. 4 immunoreactivity values in each section are shown for the
sample. The final formula is: distance to RE;(x — rp;)%rp?, individual patient samples expressed as OD. The samples are
wherey; is the observed OD for section i, angl is the correspond-  grouped according to IgM repertoire diversity as defined above.
ing value for the reference profile (RP). In mice the study oflt is demonstrated that the majority of samples fall into the
functional repertoire diversity was based on a calibration curve thatategories of deviant and very deviant IgM repertoire diversity.
strictly relates discrepancy of any profile towards the RP, tolndividual IgM reactivities increase the distance to the RP, i.e.
numbers of immunoglobulin-secreting clones that contributed tgpooled IgM, with decreasing IgM repertoire diversity (Fig. 4c).
the sample tested. In applying this technique to human samples it In contrast to the IgM repertoire, IgG repertoire diversity was
was necessary to do without any reference to number of clones, andithin normal range at all time points tested in the majority of
use the distance to the RP as a relative measure of diversitgatients (31/44). Thirteen patients showed an oligoclonal 1gG
compared with other samples. We thus compared the distance tepertoire on at least one time point post-BMT, six patients were
the RP between control values and patient values at the differerdeviant and seven patients very deviant from healthy controls.
time points in order to follow the development of functional Individual IgG reactivities were mostly very close to the IVIG
repertoire diversity over time. Note that the two quantitiesreference profile (Fig. 4d—f), supporting the finding that most
behave in inverse relation, i.e. a higher number in distance to theatients had a normal IgG repertoire diversity. Even samples from
RP corresponds to less diversity. patients with a very deviant IgM repertoire diversity demonstrated
in most cases a normal IgG repertoire diversity (Fig. 4f).

RESULTS General development of IgM and IgG repertoire variability
Comparison of healthy controls’ reactivity profiles to the among BM recipients
reference profiles To obtain an overview of the general behaviour of patient reper-

In Fig. 1 is shown the mean OD in each section of the antigenidoires post-BMT the time after BMT was divided into four
profile for the 18 healthy controls and the OD for the referenceintervals and the distribution of the different samples between
profiles of pooled IgM and IVIG. The mean reactivity profile for the three categories was analysed in these intervals: normal
the controls is very similar to the reference profiles for IgM and (category 1), deviant (category 2) and very deviant (category 3)
IgG reactivities. This was expected, since pooled IgM and IVIGrepertoire. The percentage of patients having an oligoclonal IgM
represent a biological mean of individual sera. Furthermore, theepertoire increased after transplantation, with a peak at 3 weeks to
distances of individual control reactivity profiles to the RP are 3 months post-BMT when 47% of the patient samples were very
relatively low (Fig. 2). The distances for IgM reactivities range deviant from healthy controls (Fig. 5a). More than 1 year after
from 0-007 to 0-14, with a mearx(s.d.) of 0-06- 0-04 and IgG transplantation 39% of the patient samples still had an IgM
distances range from 0-03 to 0-22 (0200-06). The immuno- repertoire very deviant from the healthy controls.
globulin repertoire of healthy individuals is considered to be very  The pattern of IgG reactivities is clearly different from IgM.
diverse [13] and we conclude that the distances obtained fo©nly a minority of BMT patients had an oligoclonal IgG repertoire
healthy adults represent a polyclonal repertoire. very deviant from the healthy controls. Similar to IgM the
oligoclonality peak appeared at 3 weeks to 3 months post-BMT
Individual development of IgM and IgG repertoires among BM  (Fig. 5b). In this time interval 15% of the patient samples fell into
recipients the very deviant category. More than 1 year after transplantation,
Analysis of immunoglobulin repertoire diversity at the level of however, only 4% of the patient samples had a very deviant IgG
functional polyclonality reveals that there was a great variation inrepertoire compared with healthy controls. To exclude the possi-
patients’ behaviour over time. Based on the mean and s.d. of thhility that the IVIG-treated patient group contributed significantly
distance between immunoglobulin profiles from healthy controlsto the diverse IgG repertoire, we analysed the distribution of
compared with the RP, we have defined three categories adamples from only non-IVIG-treated patients. At more than
repertoire diversity. Normal immunoglobulin repertoire diversity 1 year post-BMT, 80% of the samples showed a normal diversity,
is defined as a distance to the RP below the mgedars.d. obtained  13% a deviant diversity and 7% a very deviant diversity compared
for healthy controls (category 1). A distance between the meanvith healthy controls. These results are very similar to the patient
+ 1s.d. and the mea# 3 s.d. is defined as deviant immunoglobu- group as a whole.
lin repertoire diversity (category 2). When the distance is above the
mean + 3s.d. the immunoglobulin repertoire diversity is con- Temporal correlations in development of immunoglobulin
sidered very deviant (category 3). In Fig. 3 the BMT patientsrepertoire diversity
are divided into three groups according to their IgM repertoireTo estimate whether immunoglobulin repertoire diversity at a

© 2000 Blackwell Science LtdClinical and Experimental Immunolog$19240-249
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Fig. 5. General development of IgM and IgG repertoire diversity at Fig. 6. Development of IgM repertoire diversity at different time intervals
different time intervals after transplantation. The percentage of sampleafter transplantation for patients receiving BM from a sibling (a) or from an
that fall into category 1((), 2 (hatched) and 3), as defined in Results, is HLA-matched unrelated donor (MUD) (b). The percentage of samples that
shown. The number of individual samples is indicated at the top of each bafall into category 1 [{J), 2 (hatched) and 3H), as defined in Results, is
(a) IgM reactivities for all patients. (b) IgG reactivities for all patients. shown. The number of individual samples is indicated at the top of each bar.

given time point after BMT is influenced by the degree of diversity Difference in repertoire diversity between BMT patients grafted
earlier during immune reconstitution, we calculated the correlationwith marrow from a MUD or a sibling donor

between the set of individual distances to the RP obtained in ong/e compared repertoire diversity among patients receiving a BM
time interval and the corresponding values in the other timegraft from a sibling donor or a MUD in all time intervals, for IgM
intervals. Although all patients were not represented by a sampléFig. 6) and IgG (Fig. 7) repertoires, respectively. IgM repertoire
in every time interval analysed, sufficient numbers of patients weraliversity in patients receiving a BM graft from a sibling donor was
obtained in each pair of time intervals considered, except one, tsignificantly reduced, compared with repertoire diversity in
perform the analysis. The exception concerned the correlatiopatients receiving BM from a MUD, at more than 1 year after
between repertoire diversity in samples taken later than 1 yeaBMT (P=0-02) as well as between 3 weeks and 3 months post-
after BMT and samples taken in the interval between 3 months an8MT (P=0-02). For IgG repertoire diversity there was a larger
1 year post-BMT. Both for IgM and 1gG repertoire diversity a proportion of the BM recipients with a sibling-derived graft that
strong correlation was found between all time intervals analysediad a reduced repertoire diversity, more than 1 year post-BMT,
except for the latest time point. The correlation coefficient is 0-9compared with patients that had received a BM graft from a MUD
andP<0-001 when comparing IgM repertoire diversity in the first (NS).

time interval with the result before transplantation. Repertoire

diversity in samples taken later than 1 year after transplantatioi€omparison of patient characteristics

showed no significant correlation with repertoire diversity duringIn Table 1 the characteristics are summarized of patients that
the other time intervals. The correlation coefficient is 0-37 andreceived a BM graft from a sibling donor or a MUD. There are
P =0-08 when comparing the latest time point with the situationsignificant differences in recipient ageé £ 0-012), 3 year relapse
before transplantation. probability = 0-01) and 3 year relapse-free surviviak 0-016).
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(a) Three year overall patient survival was 81% in the sibling group
100 ~—18 22 26 35 9 16 compared with 60% in the MUD groug& 0-08). To perform a
i detailed analysis of clinical parameters in relation to IgM repertoire
diversity the patients were divided into two groups. The first group
@ 8017 (n=12) contained patients that had a normal (as defined in Results,
= B second paragraph) repertoire diversity at all time intervals or had a
g 60 deviant repertoire diversity at one time interval only. The second
5 = group fi=29) contained patients that had a deviant repertoire
£ a0l diversity at more than one time interval or a very deviant repertoire
8 at one or more time intervals. All characteristics presented in
& Table 1 were compared between the two groups and one of these

7 clinical findings was found to differ. Thus, 3 year overall survival
//A was 92% in the group with a more diverse IgM repertoire
compared with 62% in the group with a less diverse immuno-
globulin repertoire P =0-06) (Fig. 8). This difference was mainly

contributed by the patients receiving BM from a MUD. Among
those patients the 3 year survival was 86% in the group with a more

Controls Before 0-3 3 weeks- 3 months- >1year
BMT weeks 3 months 1 year

diverse IgM repertoire and 38% in the group with a less diverse
(b) )
100 18 22 20 26 12 10 IgM repertoire P=0-06).
8oL DISCUSSION
- In the present work we demonstrate that the serum IgM repertoire
60 4 in patients transplanted with allogeneic BM is oligoclonal com-

pared with healthy controls. At 3 weeks to more than 1 year post-
BMT over 60% of the patient samples had severely reduced
diversity compared with samples from healthy controls. For
serum IgG antibodies however, only 10—20% of the patients had
an 1gG repertoire that deviated from that of healthy controls more
than 1 year post-BMT. The more diverse IgG repertoire was not a
! | result of IVIG treatment since exclusion of IVIG-treated patients
Controls  Before 0-3 3 weeks- 3months- >1year from the analysis gave similar results.

BMT  weeks 3 months 1year Since IgG-secreting clones are derived from IgM-positive B
Fig. 7. Development of IgG repertoire diversity at different time intervals Cells by immunoglobulin class-switching, without changing the
after transplantation for patients receiving BM from a sibling (a) or from an specificity of the produced antibody, this difference in diversity
HLA-matched unrelated donor (MUD) (b). The percentage of samples thabetween the IgM and the IgG repertoire must be the result of an
fall into category 1 [J), 2 (hatched) and 3M), as defined in Results, is  active selective mechanism. It is possible that the IgG repertoire is
shown. The number of individual samples is indicated at the top of each bagjyersified by extensive somatic mutations in peripheral lymphoid
organs. We have however performed a detailed sequence analysis
of more than 250 M6-containing immunoglobulin rearrangements

40 H
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Normal IgM repertoire diversity (n=12)

L in two BMT patients and we founet0-3 mutations per 100
sequenced base pairs, compared with the germ-liné §ene,
0-8- P=0.06 later than 2 months post-BMT [1]. Suzui al. reported a general
low incidence of somatic mutations up to 1 year post-BMT, equal
T 06~ to the level of mutations in the preimmune repertoire in healthy
2 Deviant IgM repertoire diversity (n=29) controls [14]. The low incidence of somatic mutations is supported
@ 04 by the high frequency of B cells with a naive phenotyp®(% of
peripheral B cells are CD19 IgM™, IgD™) in BMT patients
0-2- compared with healthy controls and the reduced level of B cells
with a memory phenotype [14,15].
0'00 2‘4 4‘8 7‘2 Recombination activating genes (RAG-1 and RAG-2) are

transcribed in germinal centre B cells from mice [16,17], and it
has been demonstrated that secondary VJ recombinatior-ekV

Fig. 8. Survival analysis demonstrating the cumulative proportion of tgkes place in germinal centre B ceifsvivo [18,19]. Assuming
surviving patients having either normal or deviant IgM repertoire diversity. ;hat this mechanism is active also in humans. a conceivable

T.he f'.rSt group (1:‘12).c0nta|ned patients t.hat had a r_10rnqa| repertoire explanation for the discrepancy in repertoire diversity between
diversity during all time intervals or had a deviant repertoire diversity at one

time interval only. The second group-£ 29) contained patients that had a IgM a_md IgG might be.secondgry \{(_D)J_ recombination evems_ in
deviant repertoire diversity at more than one time interval or a very deviangermlnal centres leading to dlyersmcatlon of the 1gG repertoire
repertoire at one or more time intervals. Graphs were calculated using the0mpared with the IgM repertoire.

Kaplan—Meier product limit method. Differences between the two groups A high turnover of cells from the IgN1to the IgG" B cell pool

were compared using the log rank test. would also be a possible explanation for the discrepancy in serum

Months post-BMT
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IgM and IgG repertoire diversity post-BMT. Such a scenario wouldpolyclonal repertoire is secondary to immune activation by patho-
lead to rather few IgM-producing clones and thus a less diversgens or antigen mismatches. The higher probability of relapse-free
IgM repertoire. In this context it is important to realise that the survival in the sibling group compared with the MUD group
serum IgM repertoire post-BMT remains oligoclonal although the(Table 1) is probably not related to immunoglobulin repertoire
amount of total serum IgM has reached normal levels. In patientsdiversity, but is more likely due to the lower relapse probability
IgM levels are usually within the normal range at 2—6 months after(Table 1), less immune suppressive treatment, lower incidence of
transplantation [5]. In mice the number of cells in the IgM- GVHD and lower probability of infections.
secreting B cell compartment, and the level of serum IgM, is  Arelated finding is the better outcome in 3 year patient survival
regulated independently of the size of the pre-B cell and mature Bor patients with a more diverse IgM repertoire compared with
cell pools [20]. Thus, although fewer mature B cells are induced tgpatients with a less diverse IgM repertoire. This difference was
progress to IgM-secreting plasma cells in BMT patients aftermainly contributed by the patients receiving BM from a MUD. The
transplantation, they are sufficient to maintain normal serum IgMresult was not due to the underlying disease since the frequency of
levels. acute leukaemias was the same in the two groups. The small
The number of CD4 T cells is lower than normal during 6—12 number of patients in the two groups does not allow us to correlate
months post-BMT [21]. It is also demonstrated that the T cellthe cause of death to the degree of repertoire diversity. Among
repertoire is oligoclonal up to 9 months post-BMT and that the firstMUD patients with a less diverse IgM repertoire four patients died
appearing T cells are CD45RQ CD25" cells. These markers of relapse (one with a complicating infection), one of interstitial
indicate that these cells have been previously activated angneumonia associated witkspergillusinfection, and one of lung
that they represent peripheral expansion of mature donor-derivednd kidney failure in association with adenovirus pneumonia.
T cells. At 9 months post-BMT a second wave of thymus-derived
CD45RA" naive resting_ T cc_ells reappear in patie_nts’ circulation ACKNOWLEDGMENTS
and the T cell repertoire diversifies [22]. Despite the reduced
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early as 4 months after transplantation, but the response is
qualitatively different from that of healthy individuals. The
number of tetanus toxoid-specific B cell clones involved in 1 N&man |, Lundkvist I. Evidence for oligoclonal diversification of the
the response in patients is markedly reduced for a prolonged VH8&-containing immunoglobulin repertoire during reconstitution after
period of time, sometimes for as long as 10 years after BMT _ Pone marrow transplantation. Blood 19%,2795-804.

[23]. Without reimmunization with tetanus toxoid, all BMT 2 Ne&man-Bjok I, Lundkvist I. Oligoclonal dominance of immuno-

" i . . . globulin VH3 rearrangements following allogeneic bone marrow trans-
patients lose specific antibodies at 2 years after transplantation ) i

dl fthe i fthe BM d odl | dv of plantation. Bone Marrow Transplant 1998:1223-30.
regaraless 0, t, € Immune Statu§ of the onor [24]. n.a.stu YO 3 | um LG. The kinetics of immune reconstitution after human marrow
30 adult recipients of aIIoger]elc BMT and 40 adult recipients of  yansplantation. Blood 198759:369—80.
aUtO'QQOUS BMT no correlation could be demons_tl_'ated _betW_een4 Kagan JM, Champlin RE, Saxon A. B-cell dysfunction following
total immunoglobulin levels and levels of specific antibodies  human bone marrow transplantation: functional-phenotypic dissocia-
against tetanus or pneumococci antigens after transplantation [25]. tion in the early posttransplant period. Blood 198@;777-85.

Our results demonstrate that patients who received BM from a5 Storek J, Saxon A. Reconstitution of B cell immunity following bone
sibling donor have a less diverse immunoglobulin repertoire than marrow transplantation. Bone Marrow Transplant 199395-408.
those receiving BM from a MUD. The difference is significant for 6 Lum LG. Immune recovery after bone marrow transplantation. Hematol

: : : : Oncol Clin North Am 19904:659-75.
IgM during the two last time points tested (Fig. 6), and the e .
g. g P ; ( g_ ) 7 Nobrega A, Haury M, Grandien A, Malanadiee E, Sundblad A,
difference is also present for the IgG repertoire (Fig. 7). A factor . . ) . .
. . . . . Coutinho A. Global analysis of antibody repertoires. Il. Evidence for
that might be of importance is the higher age of the recipients of a

o . specificity, self-selection and the immunological ‘homunculus’ of
sibling graft (Table 1). It has long been known that immune  aptibodies in normal serum. Eur J Immunol 1993;2851-9.

reconstitution post-BMT is negatively affected by a higher reci- g Haury M, Grandien A, Sundblad A, Coutinho A, Nobrega A. Global
pient age [26—28]. It was suggested that older patients have a more analysis of antibody repertoires. I. An immunoblot method for the
impaired thymus function. Another possible explanation could be quantitative screening of large numbers of reactivities. Scand J Immunol
that the higher incidence of minor antigen mismatches in patients 1994;39:79-87. _ _ o
with an unrelated donor stimulates the diversification of the 9 Brissac C, Nobrega A, Carneiro J, Stewart J. Functional leerSlty of
immunoglobulin repertoire. Half of the patients in the MUD _ natural gM. Int Immunol 199911:1501~7. _
group has one or two HLA-DP or -DQ mismatches comparedlo ngdt_ﬂ 0, P|h|_stedt P, Markhqg let al Preven_tlon of graft-versus-

. . . o host disease with T cell depletion or cyclosporin and methotrexate. A
with only one patient in the sibling group. The frequency of : o . -
. . S . . LS randomized trial in adult leukemic marrow recipients. Bone Marrow
infections is higher in patients receiving a graft from a MUD

. - . . Transplant 19917:221-6.
compared with a sibling donor [29,30]. Also in our material there 11 kjaesson S Ringde O, Ljungman P, Aschan JH, gglund H
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