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Long-Term Chimerism and B-Cell Function After Bone Marrow Transplantation
in Patients With Severe Combined Immunodeficiency With B Cells:
A Single-Center Study of 22 Patients

By Elie Haddad, Francoise Le Deist, Pierre Aucouturier, Marina Cavazzana-Calvo, Stephane Blanche,
Genevieve De Saint Basile, and Alain Fischer

We retrospectively analyzed the B-cell function and leuko-
cyte chimerism of 22 patients with severe combined immu-
nodeficiency with B cells (B* SCID) who survived more than
2 years after bone marrow transplantation (BMT) to deter-
mine the possible consequences of BMT procedures, leuko-
cyte chimerism, and SCID molecular deficit on B-cell function
outcome. Circulating T cells were of donor origin in all
patients. In recipients of HLA-identical BMT (n = 5), mono-
cytes were of host origin in 5 and B cells were of host origin
in 4 and of mixed origin in 1. In recipients of HLA haploidenti-
cal T-cell-depleted BMT (n = 17), B cells and monocytes were
of host origin in 14 and of donor origin in 3. Engraftment of B
cells was found to be associated with normal B-cell function.

In contrast, 10 of 18 patients with host B cells still require Ig
substitution. Conditioning regimen (ie, 8 mg/kg busulfan
and 200 mg/kg cyclophosphamide) was shown neither to
promote B-cell and monocyte engraftment nor to affect
B-cell function. Eight patients with B cells of host origin had
normal B-cell function. Evidence for functional host B cells
was further provided in 3 informative cases by Ig allotype
determination and by the detection, in 5 studied cases, of
host CD27* memory B cells as in age-matched controls.
These results strongly suggest that, in some transplanted
patients, host B cells can cooperate with donor T cells to fully
mature in Ig-producing cells.

© 1999 by The American Society of Hematology.

VERE COMBINED immunodeficiencies (SCID) is a engraftmeng?2326.27.29-31thys reflecting an intrinsic B-cell
heterogeneous group of inherited disorders characterizedeficiency. Involvement ofc and JAK-3 in interleukin-4 (IL-4)
by a severe impairment of both cellular and humoral immunitysignaling supports this hypothes§?s**We therefore retrospec-
that leads to death during infancy in the absence of treattrfent. tively studied the B-cell immune function of 22*BSCID
The most common SCID phenotype results from a selectivepatients who survived more than 2 years after HLA-identical or
block in T-cell and, usually, natural killer (NK) cell differentia- HLA-mismatched T-cell-depleted BMT to determine the ef-
tion while there is a normal B-cell differentiation. It is thereafter fects of the underlying molecular deficiency together with BMT
called B SCID. It is caused by mutation of either tlye>6 or procedure factors and leukocyte chimerism on B-cell function
the JAK-3 gened8Recently, IL7R: gene mutations have been Outcome.
shown to cause a SCID with aTB™ NK* phenotypé. The
molecular basis of a small subset (5%) of BCID cases so far
remains unknowr.Bone marrow transplantation (BMT) has Patients
been shown to be the treatment of choice for patients with Patients with SCID with B cells (BSCID) alive at least 2 years after
SCID. Various studies have reported excellent results forBMT were enrolled in this study. BMTs were performed between 1976
HLA-identical BMT, with full restoration of T- and B-cell and 1995 at the Hopital Necker-Enfants Malades (Paris, France).
function in most patient®-14 HLA-identical related donors are T\_Nenty-Fwo patients fulfilled the inclusion criteria. Mediar_l age at
not available for most patients; therefore, HLA-nonidentical 2i29n0sis was 5 months (range, 1 to 7 months). Fourteen patientehad

. . .. deficiency, 4 had JAK-3 deficiency, and 4 had a yet unknown molecular
BMT have been performed since 1981, when it became feaSIbISeficiency as defined by normat gene sequence and protein detection

; 1 . . .
to deplete marrow specimen from T celfs: Howevgr, .the as well as of JAK-3 protein detection and normal phosphorylation after
prospects of survival with long-term immune reconstitution arestimulation with IL-2 of Epstein-Barr virus (EBV)-transformed B

poorer, because HLA-nonidentical BMT led to 52% to 78% cells34

survival rates in different serié42%-23 |t has been recently BMT characteristics. Median age at BMT was 6.5 months (range, 1
demonstrated that SCID phenotype has an influence on th® 93 months). Two patients_required a second transplantation at 29 and
outcome of HLA-nonidentical T-cell-depleted BMTIn the 93 months of age, respectively, because of poor T-cell development.
latter study, the survival rate was 60% for BBCID patients,

whereas it was only 35% for patients Wlt_h SCID characterized From the United'Immunologie et d’Hmatologie Pdiatriques, Unite

by ah absence of both T "fmd B cells (E5CID). Immun.e INSERM U429, and Laboratoire d’'Immunologie Clinique, INSERM
functions develop more rapidly and are more often of higheryzs, pital Necker-Enfants Malades, Paris, France.
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Data were analyzed from the last BMT in these 2 patients. The mediamwith neuraminidase-treated (Berhing Werke, Marburg Lahn, Germany)

length of follow-up was 5 years (range, 2 to 23 years). The end point forred blood cells from sheep.

analysis was December 31, 1998. Monocytes (CD14) and B lymphocytes (CDT9 on the one hand
Three patients received a BMT from an HLA-identical sibling and 2 and T lymphocytes (CD3 and NK cells (CD56CD16"'CD3") on the

received a BMT from a phenotypically HLA-identical aunt£n1) or other hand were sorted, respectively, from &d E" cells using a

mother (n= 1). These patients did not receive a conditioning regimen FACStar plus cell sorter (Becton Dickinson) after staining with the

(CR). The marrow inoculum was not T-cell-depleted. No prophylaxis appropriate MoAb.

against graft-versus-host disease (GVHD) was used except for the Chimerism studies. DNA chimerism was studied using the patients’

patient who received a marrow transplant from his phenotypically sorted cells. Cells (0.1 mol/L) were lysed by incubation with 50 pL lysis

HLA-identical mother. He received a 60-day course of intravenousbuffer (10< Taq buffer [ATGC, Noisy le Grand, France], 0.5%

cyclosporin A. Tween-20, and 0.1 mg/mL proteinase K at 56°C for 45 minutes,
Seventeen patients underwent related HLA-nonidentical T-cell-followed by heat inactivation of the enzyme at 94°C for 5 minutes).

depleted BMT. All the donors were parents. They were 2 HLA antigensPolymerase chain reaction (PCR) was performed using 1 L of the DNA

(4 cases) or full haplotype (13 cases) mismatched. Eight of the 17 didreparation and primers specific for the dinucleotide, trinucleotide, or

not receive a CR, because they had a severe infection at the time detranucleotide repeat polymorphism at the D10S 2@XS1013 or

BMT. The CR administered to the other 9 patients consisted of busulfariPRT*’loci, respectively. All of the patient studies were informative for

(8 mg/kg total dose) and cyclophosphamide (200 mg/kg total dose)at least 1 of these 3 loci. One tenth of each reaction mixture was

Twelve patients were also treated intravenously with a monoclonalsubjected to electrophoresis in a 5% polyacrylamide, 8 mol/L urea

anti-LFAL antibody to prevent graft rejecti@hAll marrow transplants ~ sequencing gel. The sensitivity of chimerism detection was 5%.

were T-cell-depleted to prevent GVHD. E-rosetting was used to achieve

depletion in 8 patients transplanted between 1983 and a®@ampath RESULTS

1-M Ab plus human complement was used in 6 patients transplanted

between 1990 and 1998,and monoclonal anti-CD2 and anti-CD7 Chimerism Analysis

antibodies with complement lysis was used in 3 patients transplanted in HLA-identical BMT. Five patients received an HLA-

1994 and 1995. PoSLBMT GVHD prophylaxis was adm"."SIered identical BMT. Chimerism studies (Table 1) showed that, in all
patients who received bone marrow depleted by E-rosetting (60-day T cell iginated f the d h t
course of cyclosporin A} All patients were placed in a protective cases, 1 cells originated from the donor, whereas monocytes

environment (sterile isolator) and received prophylactic antimicrobial Originated from.the host. Fou.r of these 5 patients 'e?(hibited B
medication to eliminate the intestinal microflora and intravenous Cells of host origin and 1 patient had B-cell mosaicism (50%

immune globulin (IVIG) therapy weekly for 3 months after BMT and donor cells). NK-cell chimerism was studied in 4 cases: NK
then every 3 weeks for at least 3 months. Acute and chronic GVHD wascells were of donor origin in 2 cases, of host originin 1 case, and

assessed in all patients according to standard critéria. undetectable in 1 case. T- and B-cell chimerism was previously
studied in 2 patients during the first 2 years after BMT by using
Methods HLA typing in 1 case and by karyotyping in the other. These 2

] ) patients with donor T cells and host B cells 5 and 6 months,
23?/'2212?2?5; ¥_Vere collected and analyzed in 1998, which was 2 tqagpectively, after BMT exhibited the same chimerism pattern at
B-cell function. We studied B-cell function by determining serum las;ﬂ%ﬁg:ié;? ?I'lc)::ila rjé;?g&?tléi/llﬁgfetsgr?t!;—ﬁ pa

concentrations of 1gG, 1gG isotypes, IgA, IgM, IgE, and serum . ) .
antibodies to polioviruses, tetanus, and diphtheria toxoids in all patienté'emS received an HLA-nonidentical T-cell-depleted BMT. T

except for those undergoing treatment with IVIG. In all cases, the lastc€lls originated from the donor in all patients. In 3 patients, both
booster immunization had been administered 3to 6 months18) or B cells and monocytes were exclusively of donor origin,
6 months to 3 years (& 3) before analysis. Serum Ig concentrations whereas neither donor B cells nor donor monocytes were
were measured by nephelometry. IgG isotypes were determined by agetected in 14 patients (Table 1 and Fig 1). NK-cell chimerism
immunoenzymatic method using monoclonal antibodies (MoAbs).\as studied in 10 of these 17 patients. CDC®56'CD3~ NK
Serum antibodies directed against polioviruses, tetanus, and diphtherigg||s were of donor origin in 8, whereas no CD1éells were
toxoids_we_re determined by enzyme-linked immunosorbent assa_lys._Thaetected in the blood of 2 patients. Among the 8 patients with
determination of Ig allotypes was performed by an hemagglutlnatlonNK cells of donor origin, B cells and monocytes were of host

assay. T o
Antibodies. The following MoAbs were used in immunofluores- origin in 7 and of donor origin in 1 (Table 1). T- and B-cell

cence studies: anti-CD3: Leu 4 (IgG2a; Becton Dickinson, San DiegoCNimerism was previously studied in 3 patients during the first 2
CA); anti-CD4: Leu 3a (IgG1; Becton Dickinson); anti-CD8: Leu 2a Years after BMT by using HLA typing. In all 3 cases, T and B

(IgG1; Becton Dickinson); anti-CD19: J4 119 (IgG1; Immunotech, cells were found to be of donor origin 6, 14, and 15 months,
Marseille, France); anti-CD27: 1A4 (IgG1; Immunotech); anti-CD14: respectively, after BMT, whereas host B cells only were

Leu M3 (Becton Dickinson); anti-CD16: 3G8 (IgG1; Immunotech); and detected at the last follow-up 3, 9, and 2 years, respectively,
anti-CD56: MY31 (IgG1; Becton Dickinson). Cells were fluorescence gfter BMT.

stained with phycoerythrin (PE)- or fluorescein isothiocyanate (FITC)- Conditioning regimen treatment did not affect long-term

conjugated MoAbs. Cell fluorescence was measured with a FAcsca'ahimerism of monocytes and B cells, because B cells and

flow cytometer (Becton Dickinson). monocytes were of donor origin in 2 of 8 patients who did not

Cellisolation. Leukocytes were isolated from fresh heparin-treated . CR wh B cell d t fd
blood by Plasmagel (Roger Bellon Laboratories, Paris, France) sedime ECEIVE any » Whereas b cells and monocytes were o donor

tation and separation by Lymphoprep (Nicomed Pharma, Oslo, Nor2"igin in 1 of 9 patients who did receive a CR. In contrast, all
way). Polymorphonuclear (PMN) cells sedimented in the pellet andtested patients who received a CR treatment had NK cells of
peripheral mononuclear cells (PBMC) at the interface. [osette  donor origin (n= 6), whereas NK cells were either of donor
forming) and E (no rosette) cells were obtained by treatment of PBMC origin (n = 2) or undetectable (& 2) in patients who did not
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Table 1. Leukocyte Chimerism in 22 Patients With B+ SCID After BMT

Age at Chimerism
Molecular BMT Follow-Up
UPN Deficiency (mos) (yrs) CR T Cells B Cells Monocytes NK Cells
HLA-identical BMT 17 yc 1 23 No D H H (=)
116* Yyc 1 13 No D H H D
261 Yc 6.5 5.5 No D H H ND
50 Unknown 4.5 13.5 No D D/H H D
299 Unknown 10 4.5 No D H H H
HLA-nonidentical BMT 51* yc 2.5 13 No D H H ND
122 Yyc 6.5 10 No D D D ND
307 yc 93 35 No D H H (-)
325 Ye 14 3 No D H H D
277 Yyc 8 4.5 No D H H ND
57 JAK3 9 13 No D H H (=)
223 JAK3 11 6.5 No D D D ND
365 JAK3 5 2 No D H H D
168 Yyc 2 8.5 Yes D H H ND
272b YC 29 3 Yes D H H D
303 ye 1 4 Yes D H H D
308 Yc 8.5 35 Yes D H H ND
318 Ye 5.5 3 Yes D H H ND
348 Yyc 1 2 Yes D H H D
158 Unknown 4 9 Yes D H H D
360 Unknown 10 2 Yes D H H D
221 JAK3 11 6.5 Yes D D D D
Abbreviations: H, cells of host origin; D, cells of donor origin; ND, not done; (), cells not found.

*These 2 patients had the same yc gene mutation.

receive any CR. Other characteristics of the BMT procedureB-cell immunity, because they had normal IgG concentrations,
such as the method of T-cell depletion used, anti-LFA1 antibodyproduced antibodies, and did not require IVIG treatment. No
treatment, and the number of nucleated cells and T cells infusedgecurrent infections occurred in these patients. However, in 3 of
did not affect chimerism status (data not shovh,= not these patients, an IgA deficiency was found.
significant [NS]).

Analysis of the Factors Influencing B-Cell Function

B-Cell Function Analysis B-cell chimerism status exerts an influence on B-cell func-

HLA-identical BMT. All 5 patients exhibited normal blood tion, because all 4 patients whose B cells were of donor origin
B-cell counts (range, 150 to 672/uL; median, 505/pL). As (3 patients after an HLA-nonidentical BMT and 1 after an HLA
shown in Table 2, at last follow-up, 3 patients were considereddentical BMT) had normal or close to normal B-cell function.
to have a normal B-cell function, because they had normal IgGConversely, 10 of the 18 patients whose peripheral B cells were
concentrations, exhibited a normal antibody production, and didound exclusively of host origin (9 patients after an HLA-
not require IVIG treatment. One of these 3 patients exhibited anonidentical BMT and 1 after an HLA-identical BMT) required
low level of IgG2 and an absence of IgA and IgE. One patientlVIG treatment. These results confirm that engraftment of donor
(UPN 17) is considered to have a B-cell deficiency, because h& cells offers the best chance to achieve development of normal
never achieved a normal IgG concentration and attempts to stop-cell function.

IVIG treatment led to a much lower serum IgG concentration However, it was found that the exclusive detection of host
and to the recurrence of infections. One patient (UPN 50) had aperipheral B cells was associated with normal B-cell function in
isolated 1gG2 deficiency with recurrent pulmonary infections 8 other patients (5 after HLA-nonidentical BMT and 3 after
and therefore required IVIG treatment despite antibody producHLA-identical BMT; Table 2). These results suggest that-),

tion to poliovirus and tetanus toxoid. In this patient, the B-cell JAK3(—), or other genetically deficient B cells could function
deficiency could be the consequence of a low T-cell count andnce T-cell function is restored. However, a B-cell microchime-
function?! rism cannot be strictly excluded and could account for develop-

HLA-nonidentical T-cell-depleted BMTSixteen of the 17  ment of in vivo B-cell function. We therefore studied the origin
patients exhibited normal to elevated blood B-cell countsof serum Igs by determining several Ig heavy chain and
(range, 140 to 2,280/uL; median, 550/uL). One patient had verk-associated allotypes in 4 of these cases. Polymorphisy8Bfor
low B-cell counts (40/uL) and low T-cell counts. At last (y3m21 andy3m28) was found in 2 families, enabling us to
follow-up, 9 patients were considered to have deficiencies irdetermine that, in these 2 patients (UPN 261 and 158), 1gG3
B-cell function, because they still required IVIG treatment andwere of host origin. It was similarly found that IgG22m23)
attempts to stop IVIG treatment led to a much lower serum IgGwere of host origin in patient UPN 365. It was also possible to
concentration and to the recurrence of infections (except forassess whether host B cells, in patients with and without B-cell
UPN 303). Eight patients were considered to have functionaimmunity, respectively, express the membrane marker CD27
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R D receive any CR treatment and 4 of the 9 patients who did receive
"N T NK B M| a CR treatment do not require IVIG treatment. Other factors,
including age at BMT, occurrence and outcome of acute and
chronic GVHD, method of T-cell depletion used, anti-LFA1
antibody treatment, and duration of follow-up, had no effect on
B-cell function (data not showi®, = NS).

It is difficult to assess in this series of patients whether SCID
diagnosis and possible intrinsic B-cell functional defects had an
influence on B-cell function outcome after BMT because of the
small number of JAK-3—deficient patients in this study. How-
ever, it was found that B cells from patients with SCID of

A

R D unknown etiology and JAK-3 deficiency were functional
PN T NK B (Table 3).
B It is worth noting that patients UPN 51 and 116, who are first

cousins and carry the samye mutation, had a different B-cell
function outcome after BMT, although T-cell function was
found normal and B cells were of host origin in both cases. The
only observed difference is that patient UPN 51 received an

= HLA-identical BMT whereas patient UPN 116 received an
HLA-nonidentical BMT.

DISCUSSION

We report in this retrospective study the chimerism status and
B-cell function of 22 patients with BSCID treated by a BMT
at a single center who are still alive more than 2 years after
BMT. All studies were performed in 1997 and 1998 in
long-term survivors. The survival rate (data not shown) is
similar to those reported in other studi@$1.23.29.30.43

Chimerism studies showed that there was an engraftment of T
cells in all of the patients, consistent with previous re-
ports20.21.23.26.27.44owever, circulating B cells and monocytes
from 18 of the 22 patients were found to be of host origin. It is
worth noting that repeated chimerism analysis performed in 5
patients from this study showed an apparent loss of donor B
cells found in 3 patients in the first 2 years post-BMT. An initial
myeloid engraftment followed by the gradual loss of the
engrafted B cells may account for this finding. However,
monocyte chimerism was not previously studied in any of these

Fig 1. Leukocyte chimerism of B* SCID patients after BMT. Micro- patients. Therefore, a transient peripheral expansion of the
satellite typing of polymorphonuclear cells (PN), T lymphocytes (T).  gonor B-cell population in the initial months after BMT in the
natural killer cells (NK), B lymphocytes (B), and monocytes (M) from ;)00 of myeloid engraftment cannot be entirely excluded.
recipients (R) or from donor cells (D) was performed at the D10S206 ! . X :
(A), DXS101 (B), or HPRT (C) loci, depending on how informative the Whatever the case of this observation, it shows that lymphoid
locus was for each subject. (A) UPN 299; (B) UPN 272b; (C) UPN 223. chimerism status can not be considered as stable before a long

period of time after BMT performed in BSCID patients has

that is associated with memof3/it was found that, in 5 patients  elapsed.
studied who had normal B-cell function, the percentage of The factthat T cells and NK cells were found to be of donor
CD27tCD19'" B cells was close to age-matched controls (rangeorigin in most patients, whereas B cells and monocytes were of
in patients, 8% to 29%; range in controls, 12% to 67%). Inhost origin, suggests that donor pluripotent stem cells do not
contrast, in the 3 patients studied who had no B-cell function,develop into all cell lineages in these patients. This split
the fraction of CD27 CD19 B cells was less than 4%. In 1 chimerism may be due to the transfer of mature T cells from the
patient still under IVIG, a high fraction of CD2TD19" B marrow inoculum, producing a long-lived expansion in the pool
cells was found (ie, 23%). It is noteworthy that IgA and IgM are of memory cells. This may partially account for the pattern of
detectable within the normal range in the serum of this patienfT-cell immunity development after HLA-identical BMT, but it
(UPN 303; Table 2). His B-cellimmunity is thus not absent. Overall, cannot account for the chimerism status observed after HLA-
these results show that host memory B cells are detectable in patiem®nidentical T-cell-depleted BMT. Indeed, the depletion of
who developed B-cell immunity after BMT. mature T cells from the marrow inoculum results in a delay of 3

After HLA-nonidentical BMT, the conditioning regimen to 6 months in the generation of peripheral blood T cElf8:28
used was found not to affect B-cell chimerism and thereforeThis delay, consistent with the recapitulation of fetal thymopoi-
B-cell function outcome, because 4 of the 8 patients who did noesis?>46suggests that T cells develop from transplanted hemato-
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Table 2. B-Cell Functions of 22 Patients With B+ SCID After BMT

B-Cell IVIG IgG IgA IgM IgE 19G Antibody cD3  T-Cell
UPN Diagnosis Chimerism Treatment (mg/mL) (mg/mL) (mg/mL) (IU/mL) Isotype Production (/mL) Function

HLA-identical BMT 17 ~c H Yes / 0.9 1 ND / / 2,300 N

50 Unknown 50%D Yes 20.4 1.1 1.3 1,474 NolgG2 Normal 1,200 Low
116* ~c H No 8 1.4 1 37 Normal Normal 1,960 N
261 e H No 86 0 1 0 LowlgG2 Normal 4,950 N
299 Unknown H No 8.8 0.9 1 14 Normal Normal 2,300 N
HLA-nonidentical BMT  51* ~vc H Yes / 0 1.3 ND / / 760 N
168 ~c H Yes / 0 1.4 ND / / 3,290 N
272b ~vc H Yes / 0.2(-) 0.9 ND / / 1,000 N
277 ~c H Yes / 0 0.4 (-) 0 / / 2,320 N
303 vyc H Yes / 1 2.8 (+) 48 / / 1,920 N

307 e H Yes / 1.3 3.2 (+) ND / / 320 Low
308 vyc H Yes / 0.2(-) 0.8 3 / / 4,500 N
325 e H Yes / 05(—) 0.3(-) 3 / / 2,288 N
348 e H Yes / 0 0.4 0 / / 2,520 N
318 e H No 8 0.8 4(+) 11 ND Dissociatedt 2,370 N
122 ~c D No 10.7 0.8 1.2 20 Normal Normal 1,700 N
158  Unknown H No 5.2 1 0.9 ND LowIgG2 Normal 784 N
360 Unknown H No 13.9 0 2 (+) ND ND Normal 2,145 N
57 JAK3 H No 11.2 0 2.7 (+) ND Normal Dissociatedt¥ 2,000 N
221  JAK3 D No 7.6 1.2 0.7 22 ND Normal 3,198 N
223  JAK3 D No 10 04(-) 15 25 Normal Dissociateds 2,500 N
365 JAK3 H No 77 0 2.1 (+) 37 Normal Normal 3,120 N

Abbreviations: H, cells of host origin; D, cells of donor origin; ND, not done; (—) and (+), respectively, low or high level of Ig.
*These 2 patients had the same yc gene mutation.

tNormal production of antibodies against Tetanus and Diphtheria toxoids, Polio 1 and 3, but not Polio 2 antigen.

$¥Normal production of antibodies against Diphtheria toxoid, Polio 1 and 2, but not Polio 3 and Tetanus toxoid.

8§Normal production of antibodies against Diphtheria toxoid, Polio 2 and 3, but not Polio 1 and Tetanus toxoid.

poietic stem cells rather than being transferred as mature T cellall types of SCID were considered rather thah®CID only. A
directly from the transplanted marrow. Similarly, naive detailed analysis of chimerism after BMT in"BSCID patients
CD45RA(+) T cells develop in X SCID dogs transplanted with has been reported in 2 studies. Dror é¢ hhve reported that B
a T-cell-depleted marrow inoculuffilt is nevertheless possible cells were of host origin in 5 of 6 cases and of unknown origin
that pluripotent stem cells can engraft in these patients. Thesi 1. In van Leeuwen et &P, B cells were found to be of host
donor-derived stem cells could result in the development oforigin in 3 of 11, of donor origin in 3, and of mixed origin in 5.
donor T cells and NK cells, given the selective advantageBecause use of a CR consisting of 8 mg/kg busulfan and 200
conferred toyc or JAK-3(+) T/NK lymphoid precursor cells, mg/kg cyclophosphamide total doses does not improve sur-
whereas normal monocytes and B-cell precursors that are lesgval,}7-212425ve propose that it should not be used any longer
likely to benefit from selective advantage would be diluted outin B* SCID patients receiving haploidentical BMT. However,
in the host population. Another possibility is that potential we show here that B-cell engraftment is the best setting to
donor self-renewing progenitor cells migrate directly to the observe B-cell immunity development. Because in most re-
thymus without colonization of the marrow. ported studies, including this one, the CR used was not
It has been suggested that conditioning regimen use couléhyeloablative, the possibility remains that fully myeloblative
increase donor B-cell engraftment after HLA-nonidentical CR would be of clinical benefit. In the European registry, 10 of
BMT and thereby increase the likelihood of humoral immune 16 patients to whom 16 mg/kg busulfan was administered are
function developmeri?212326.27.44However, we found that alive, 9 of them with functional B cell® Unfortunately,
busulfan (8 mg/kg) and cyclophosphamide (200 mg/kg totalchimerism data are not currently available for these patients.
dose) treatment did neither result in higher frequency of B-cellThis strategy therefore remains a possible option, at least in
engraftment nor of B-cell function. This apparent discrepancypatients who are not severely infected at the time of BMT.
may be related to the fact that, in the above-mentioned studies, |n this study, autologous B cells and monocytes were
detected together with donor T cells in 18 cases. Because T cells
Table 3. Molecular Deficiency Influence on B-Cell Function Outcome were functional in all but 1, it provides a unique opportunity to
in the Absence of Donor B-Cell Development determine host B-cell function in these patients. B-cell function

B-Cell was found normal in 8 of these 18 patients. From these data, it
Function el JAKS Unknown cannot be fully excluded that a B-cell microchimerism accounts
+ 3 2 3 for antibody production in these patients. This hypothesis
- 10 0 0 appears unlikely because, when tested and informative, Ig

Abbreviations: +, patients not requiring IVIG treatment; —, patients allotype determination showed that IgG isotypes were of host
requiring IVIG treatment. origin. In addition, memory B cells (CD27B cells)y? were
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account for these resutt$>? B-cell function may rely on 4. Rosen FS, Cooper MD, Wedgewood RJP: The primary immunode-
yc-independent cytokine pathways such as IL4/ILARII or ficiencies. N Engl J Med 333:431, 1995

IL13/IL13R 3132 However, 4 of these 8 patients do not make 5 Nogushi M, Yi H, Rosenblatt HM, Filipovich AH, Adelstein S,
IgA, consistent with the results of Buckley et‘abnd van  Modi WS, McBride OW, Leonard WJ: Interleukin-2 receptpchain
Leeuwen et a¥2 who found that half of the B SCID patients ~ mutation results in X-linked severe combined immunodeficiency in
with B cells of host origin did not synthesize IgA after BMT. humans. Cell 73:147, 1993

Determining whether the molecular defect had a subtle influ- 6. Puck JM, Deschenes SM, Porter JC, Dutra AS, Brown CJ, Willard

ence on B-cell function would require a more thorough analysisHF, Henthorn PS: The interleukin-2 receptor gamma chain maps to
of B-cell function in a larger group of patients. Xg13.1 and is mutated in X-linked severe combined immunodeficiency,
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than those receiving T-cell-depleted nonidentical marrow, the Lo e : : i

. L combined immunodeficiency disease. Eur J Paediatr 131:155, 1979
expansion of a pool 9f maturg T cells could exert an indirect 12. O'Reilly RJ, Brochstein J, Dinsmore L, Kirkpatrick D: Marrow
effect on B-cell funCt'on'_ Mebius et %jlhave shown that the_ transplantation for congenital disorders. Semin Hematol 21:188, 1984
normal lymph node architecture of mice depends on a fraction 13 Fischer A, Friedrich W, Levinsky R, Vossen J, Griscelli C,
of T-cell precursors (CD4CD3™ cells) that colonize lymph  kubanek B, Morgan G, Wagemaker G, Landais P: Bone marrow
nodes during the last weeks of fetal development and during th@ansplantation for immunodeficiency and osteopetrosis. European
first 3 or 4 days after birth that ase-dependent in their growth.  survey 1968-1985. Lancet 1:1080, 1986
After HLA-identical BMT, the infusion of full marrow may lead 14. Buckley RH, Schiff SE, Schiff RI, Markert ML, Williams LW,
to the rapid colonization of lymph nodes by similar cells, Roberts JL, Myers LA, Ward FE: Hematopoietic stem-cell transplanta-
rescuing lymph nodes from involution. In HLA-nonidentical tion for the treatment of severe combined immunodeficiency. N Engl J
T-cell-depleted BMT, the maturation of the T cells could take Med 340:508, 1999 , _ _
too long to prevent at least some lymph node involution, 15. Reisner Y, Kapoor N, Kirkpatrick D, Polljalck_MS, Cunningham-
preventing germinal center formation. Histology analysis ofRundIes S, Dupont B, Hodes MZ, Good RA, O'Reilly RJ: Transplanta-

lymph node from transplanted 'BSCID patients would be tion for severe combined 'mmunoqef'c'ency with HLA A, B, [.)’.DR
. . incompatible paternal marrow fractionated by soybean agglutinin and
useful to assess this hypothesis.

. . . . . . sheepred blood cells. Blood 61:341, 1983
This retrospective analysis of B-cell function and chimerism = 15" Fiedrich W. Goldmann SE. Ebell W Blutters-Sawatzki R

demonstrates that BMT in BSCID patients is a reliable tool for - gaedicke G, Raghavachar A, Peter HH, Belohradsky B, Kreth W,

studying in vivo the function of genetically deficient B cells and Kubanek B, Kleihauer E: Severe combined immunodeficiency: Treat-
the mechanism of engraftment and hematopoiesis after BMT ifment by bone marrow transplantation in 15 infants using HLA-

However, B-cell function was deficient in 10 other patients
with autologousyc(—) B cells. These results are consistent with

the absence of a myeloablative conditioning regimen. haploidentical donors. Eur J Pediatr 144:125, 1985
17. Buckley RH, Schiff SE, Sampson HA, Schiff RI, Markert ML,
ACKNOWLEDGMENT Knutsen AP, Hershfield MS, Huang AT, Mickey GH, Ward FE:

Development of immunity in human severe primary T-cell deficiency
following haploidentical bone marrow stem cell transplantation. J
Immunol 136:2398, 1986
18. Fischer A, Durandy A, de Villartay JP, Vilmer E, Le Deist F,
REFERENCES Gerota |, Griscelli C: HLA-haploidentical bone marrow transplantation
1. Fischer A, Cavazzana-Calvo M, De Saint Basile G, De Villartay for severe combined immunodeficiency using E rosette fractionation
JP, Di Santo JP, Hivroz C, Rieux-Laucat F, Le Deist F: Naturally and cyclosporin. Blood 67:444, 1986

The authors thank the clinical staff for taking care of patients and Dr
M. Daveau (Bois-Guillaume, France) for Ig allotype determination.

20z dunr g0 uo 3sanb Aq Jpd'€z62/5 1 L6591/€262/8/76/1Pd-al0E/PO0|qABU"SUOHEDIIgNdYSE//:d}RY WOy papeojumog



CHIMERISM AND B-CELL FUNCTION AFTER BMT IN SCID 2929

19. O'Reilly RJ, Keever CA, Small TN, Brochstein J: The use of interleukin-13 in human B cells derived from X-linked severe combined
HLA-non-identical T-cell depleted marrow transplants for correction of immunodeficiency patients. J Biol Chem 271:619, 1996
severe combined immunodeficiency disease. Immunodefic Rev 1:273, 34. Morelon E, Dautry-Varsat A, Le Deist F, Hacein-Bey S, Fischer
1989 A, De Saint Basile G: T lymphocyte differentiation and proliferation in
20. Fischer A, Landais P, Friedrich W, Morgan G, Gerritsen B, Fasththe absence of the cytoplasmic tail of the common receptirain in a
A, Porta F, Griscelli C, Goldman SF, Levinsky R, Vossen J: EuropeansCID-XI patient. Blood 88:1708, 1995
experience of bone marrow transplantation for severe combined immu- 35. Fischer A, Friedrich W, Fasth A, Blanche S, Le Deist F, Girault
nodeficiency. Lancet 2:850, 1990 D, Veber F, Vossen J, Lopez M, Griscelli C, Hirn M: Reduction of graft
21. Buckley RH, Schiff SE, Schiff RI, Roberts JL, Markert ML, failure by a monoclonal antibody (anti-LFA-1-CD11a) after
Peters W, Williams LW, Ward FE: Haploidentical bone marrow stem H|A nonidentical bone marrow transplantation in children with immu-
cell transplantation in human severe combined immunodeficiencynodeficiencies, osteopetrosis and Fanconi's anemia. Blood 77:249,

Semin Hematol 30:92, 1993 (suppl 4) 1991
22. Parkman R: The biology of bone marrow transplantation for 36 Hale G, Cobbold S, Waldmann H: T cell depletion with
severe combined immune deficiency. Adv Immunol 49:381, 1991 Campath-1 in allogenic bone marrow transplantation. Transplantation

23. van Leeuwen JEM, van Tol MJD, Joosten AM, Schellekens PTA, 45.753 1988
Langlois van den Bergh R, Waaijer JLM, Oudeman-Gruber NJ, van der g7 Przepiorka D, Weisdorf D, Martin P, Klingemann HG, Beatly P,

Weijden-Ragas CPM, Roos MTL, Gerritsen EJA, van den Berg H, o5 3, Thomas ED: Meeting report: Consensus conference on acute
Haraldsson A, Meera Khan P, Vossen JM: Relationship betweensy,yp grading. Bone Marrow Transplant 15:825, 1995

patterns of engraftment in peripheral blood and immune reconstitution 38. Dib C, FaufeS, Fizames C, Samson D, Drouot N, Vignal A

after allogenic bone marrow transplantation for (severe) Combineq\/lillasseau P, Marc S, Hazan J, Seboun E, Lathrop M, Gyapay G

immunodeficiency. Blood 84:3936, 1994 Morissette J, Weissenbach J: A comprehensive map of the human

F th 2e2t:rand Y, Lagd?ls I\P/I I;rle(tjn('::h (\iv ?zrnésen BYI Mlc;;g;n G, genome based on 5,264 microsatellites. Nature 380:152, 1996
as , Cavazzana-Calvo M, Porta F, Cant A, Espanol T} ' 39. Allen RC, Belmont JW: Trinucleotide repeat polymorphism at

Veys P, Vossen J, Haddad E, Fischer A: Influence of SCID phenotype OBy S101. Hum Mol Genet 2:1508. 1993
the outcome of HLA non identical T-cell depleted bone marrow ) ) '
transplantation. A retrospective European survey from the Europea

group for BMT (EBMT) and the European Society for Immunodefi- 41. Berthet F, Le Deist F, Duliege AM, Griscelli C, Fischer A:

ciency (ESID). J Pediatr 136:740, 1999 Clinical con n nd treatment of primary immunodeficien
25. Haddad E, Landais P, Friedrich W, Gerritsen B, Cavazzana- inical consequences a eaiment o primary Immunodeticiency

Calvo M, Morgan G, Bertrand Y, Fasth A, Porta F, Cant A, Espanol T syndromes characterized by functional T and B lymphocyte anomalies

Muller S, Veys P, Vossen J, Fischer A: Long-term immune reconstitu-(combme(,j |mmune'def|C|ency). Pediatrics 93:265, 1994 )
42. Klein U, Rajewsky K, Kuppers R: Human immunoglobulin

tion and outcome after HLA-nonidentical T-cell-depleted bone marrow

transplantation for severe combined immunodeficiency: A European(lg)M +1gD+ peripheral blood B cells expressing the CD27 cell surface
retrospective study of 116 patients. Blood 91:2646, 1998 antigen carry somatically mutated variable region genes: CD27 as a

26. Dror Y, Gallagher R, Wara DW, Colombe BW, Merino A general marker for somatically mutated (memory) B cells. J Exp Med
Benkerrou M, Cowan MJ: Immune reconstitution in severe combined188:l679' 1998
immunodeficiency disease after Lectin-treated, T-cell-depleted haplo- 43- Friedrich W, Knobloch C, Greher J, Hartmann W, Peter HH,
compatible bone marrow transplantation. Blood 81:2021, 1993 Goldmann SF, Kleihauer E: Bone marrow transplantation in severe
27. Wijnaendts L, Le Deist F, Griscelli C, Fischer A: Development of combined immunodeficiency: Potential and current limitations. Immu-
immunologic functions after bone marrow transplantation in 33 patients10def Rev 4:315, 1993 _ _
with severe combined immunodeficiency. Blood 74:2212, 1989 44 Moen RC, Horwitz S, SOhdeI PM, B?orgherdmg WR, Tr|gg ME,
28. Buckley RH: Bone marrow reconstitution in primary immunode- Billing R, Hong R: Immunologic reconstitution after haploidentical
ficiency, in Rich RR (ed): Clinical Inmunology. St Louis, MO, Mosby, bone marrow transplantation for immune deficiency disorders: Treat-
1996, p 1813 ment of bone marrow cells with monoclonal antibody CT-2 and
29. O'Reilly RJ, Keever C, Kernan N, Flomenberg N, Dupont B, c0mplement. Blood 70:664, 1987 o
Collins N, Brochstein J, Kirkpatrik D, Kapoor N, Burns J, Reisner Y: 45 Storek J, Witherspoon RP, Storb R: T cell reconstitution after
Investigation of humoral immune deficiencies following T-cell de- bone marrow transplantation into adult patients does not resemble T cell
pleted, HLA-haplotype mismatched parental marrow transplants for thelevelopment in early life. Bone Marrow Transplant 16:413, 1995
treatment of severe combined immunodeficiency disease, in Eibl MM, 46. Weinberg K, Annet G, Kashyap A, Lenarsky C, Forman SJ,
Rosen FS (eds): Primary Immunodeficiency Diseases. Amsterdam, Th@arkman R: The effect of thymic function on immunocompetence

N 40. Hearn CM, Todd JA: Tetranucleotide repeat polymorphism at the
HPRT locus. Nucleic Acids Res 19:5450, 1991

Netherlands, Elsevier, 1986, p 301 following bone marrow transplantation. Biol Blood Bone Marrow
30. Vossen JM: Bone marrow transplantation in the treatment ofTransplant 1:18, 1995
primary immunodeficiencies. Ann Clin Res 19:285, 1987 47. Felsburg PJ, Somberg RL, Hartnett BJ, Suter SF, Henthorn PS,

31. Himelstein BP, Puck JM, August C, Pierson G, Bunin N: Earlier Moore PF, Weinberg KI, Ochs HD: Full immunological reconstitution
bone marrow transplantation is better: Two siblings with X-linked following nonconditioned bone marrow transplantation for canine
severe combined immunodeficiency treated with the same T-cellX-linked severe combined immunodeficiency. Blood 90:3214, 1997
depleted maternal marrow. J Pediatr 122:289, 1993 48. Chu E, Umetsu D, Rosen F, Geha RS: Major histocompatibility

32. Matthews DJ, Clark PA, Herbert J, Morgan G, Armitage RJ, restriction of antigen recognition by T cells in a recipient of haplotype
Kinnon C, Minty A, Grabstein KH, Caput D, Ferrara P, Callard R: mismatched human bone marrow transplantation. J Clin Invest 72:1124,
Function of the interleukin-2 (IL-2) receptoy-chain in biologic ~ 1983
responses of X-linked severe combined immunodeficient B cells to 49. Roncarolo MG, Touraine JL, Banchereau J: Cooperation be-
IL-2, IL-4, IL-13, and IL-15. Blood 85:38, 1995 tween major histocompatibility complex mismatched mononuclear

33. lzuhara K, Heike T, Otsuka T, Yamaoka K, Mayumi M, Imamura cells from a human chimera in the production of antigen-specific
T, Niho Y, Harada N: Signal transduction pathway of interleukin-4 and antibody. J Clin Invest 77:673, 1986

20z dunr g0 uo 3sanb Aq Jpd'€z62/5 1 L6591/€262/8/76/1Pd-al0E/PO0|qABU"SUOHEDIIgNdYSE//:d}RY WOy papeojumog



2930 HADDAD ET AL

50. Roncarolo MG, Yssel H, Touraine JL, Bachetta R, Gebuhrer L,A, Theze J, Griscelli C, Fischer A: Human severe combined immunode-
de Vries JE, Spits H: Antigen recognition by MHC-incompatible cells of ficiency disease. Phenotypical and functional characteristics of periph-
a human mismatched chimera. J Exp Med 158:2139, 1988 eral B lymphocytes. J Immunol 145:2873, 1990

51. Roberts JL, Volkman DJ, Buckley RH: Modified MHC restric-  54. Conley ME, Lavoie A, Briggs C, Brown P, Guerra C, Puck JM:
tion of donor-origin T cells in humans with severe combined immunode-Nonrandom X chromosome inactivation in B cells from carriers of X
ficiency transplanted with haploidentical bone marrow stem cells. Jchromosome-linked severe combined immunodeficiency. Proc Natl
Immunol 143:1575, 1989 Acad Sci USA 85:3090, 1988

52. Geha RS, Rosen FS: The evolution of MHC restrictions in  55. Mebius RE, Rennert P, Weissman IL: Developing lymph nodes
antigen recognition by T cells in a haploidentical bone marrow collect CD4+CD3— Ltbetat+ cells that can differentiate to APC,
transplant recipient. J Immunol 143:84, 1989 NK cells, and follicular cells but not T or B cells. Immunity 7:493,

53. Gougeon ML, Drean G, Le Deist F, Dousseau M, Fevrier M, Diu 1997

20z dunr g0 uo 3sanb Aq Jpd'€z62/5 1 L6591/€262/8/76/1Pd-al0E/PO0|qABU"SUOHEDIIgNdYSE//:d}RY WOy papeojumog



