Deficient Expression of Adhesion Molecules by Human CD5™ B Lymphocytes
Both After Bone Marrow Transplantation and During Normal Ontogeny

By Concepcién Parra, Ernesto Roldén, and José A. Brieva

Despite the relatively early reconstitution of blood B-lym-
phocyte counts observed in patients treated with bone mar-
row transplantation (BMT), these patients undergo a pro-
longed phase of humoral immunodeficiency. Adhesion
molecules perform relevant functions in many cell types. The
present study examines the expression of several adhesion
molecules on human B lymphocytes newly formed after
BMT. Blood B cells from 38 patients were studied by flow
cytometry and three-color analysis. Blood CD5~ B lympho-
cytes obtained at an early stage after BMT (2 to 4 months)
showed a markedly low expression of the adhesion mole-
cules CD54, CD44, CD11a, and CD62L. However, these cells
exhibited a normal expression of other molecules including
CD29, CD19, CD20, and DR. This deficiency was progressively
corrected, reaching normal levels in the late post-BMT pe-
riod {12 to 15 months). In contrast, CD54, CD44, CD11a, and

ONE MARROW transplantation (BMT) is now cur-
rently used as an effective treatment in an increasing
number of human disorders. After BMT, stem cells colonize
appropriate BM areas and start differentiation, giving rise to
all the hematopoietic cellular series. In the immediate post-
BMT period, the number of circulating B lymphocytes is
markedly low, becoming normal or, more often, transiently
high, between the second and the fourth months."* This
observation contrasts with the prolonged period during
which a severe humoral immunedeficiency is observed in
these patients (1 year or even longer), as illustrated by the
incapacity to form specific antibody in response to conven-
tional immunizations,* the defective blood B-cell function
in vitro,’ and the long-lasting interval needed for the different
Ig isotypes to reach normal levels in the patients’ serum.*®
As a consequence, patients in the post-BMT period exhibit
a high susceptibility to bacterial infections.’

Another well-known feature of the post-BMT B-cell re-
constitution is the observation that the B-cell compartment
characteristically contains an augmented proportion of B
lymphocytes bearing the CD5 molecule on their surface
(CD5" B lymphocytes).>'*!" The origin and significance of
human CD5* B cells is in debate.'? Nevertheless, the finding
that these B lymphocytes appear first in ontogeny, and pre-
dominate in fetal life, cord blood, and newborns,'*"* has led
to conjecture that their increased presence in the post-BMT
period represents a rerun of the B-cell developmental pro-
gram.

Adhesion molecules consist of several families of surface
glycoproteins, which mediate intercellular recognition and
contact between cells and extracellular matrix components.
As such, they are present on many cell types, including
leukocytes, and perform essential roles in a wide variety of
cellular activities.'® The present study explores the expres-
sion of several adhesion molecules on blood CD5" and CD5~
B-cell subsets obtained from BMT-treated patients. The re-
sults showed that, during the early post-BMT period, the
expression of CD54, CD44, CD11a, and CD62L on CD5~
B cells was significantly lower than in normal subjects. This
alteration was progressively corrected over time, and the
expression returned to normal in the late post-BMT period.
On the other hand, the expression of the same adhesion
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CD62L expression on the patients’ CD5* B lymphocytes was
found to be consistently normal. Deficient adhesion mole-
cule expression on CD5~ B cells in the early post-BMT period
was similarly observed in patients treated with either an
alio-BMT (n = 24) or an auto-BMT (n = 14). Because the post-
BMT period mimics normal ontogeny, adhesion molecule
expression was also investigated in cord-blood B lympho-
cytes. Cord-blood CD5~ B lymphocytes, in contrast to CD5*,
also expressed CD54, CD44, CD11a, and CD62L at levels
much lower than those found in normal adults. Present data
suggest that progressive expression of CD54, CD44, CD11a,
and CD62L seems to be a part of the maturational program
of CD5- B lymphocytes during both post-BMT and normal
development periods. This observation may help to explain
the humoral immunodeficiency observed in both conditions.
© 1996 by The American Society of Hematology.

molecules on CD5* B lymphocytes from BMT-treated pa-
tients was found to be consistently normal. Further experi-
ments showed that cord-blood CDS™ B lymphocytes, in con-
trast to CD5*, exhibited similar abnormally low adhesion
molecule expression. These data suggest that the progressive
expression of certain adhesion molecules appears to be a
part of the developmental program of CD5™ B lymphocytes,
although not of CD5*, after BMT, as well as during the
physiological formation of the B-cell compartment. The low
adhesion molecule expression shown by CD5™ B cells might
contribute to a better understanding of the humoral immuno-
deficiency characteristic of these two conditions.

MATERIALS AND METHODS

Patients. Thirty-eight durably engrafted patients who had re-
ceived therapeutic allogeneic or autologous BMT were included in
this study. Twenty-four were male and 14 were female. Patients’
ages ranged from 5 to 38 years (median, 22.6 years). Fourteen pa-
tients received an autologous transplant for either acute myelogenous
leukemia (AML) (n = 5), acute lymphoblastic leukemia (ALL) (n
= 5), or non-Hodgkin’s lymphoma (NHL) (n = 4). Twenty-four
patients received an HLA-identical allogeneic transplant for either
AML (n = 4), ALL (n = 10), aplastic anemia (AA) (n = 4), chronic
myelogenous leukemia (CML) (n = 3), NHL (n = 1), thalassemia
major (n = 1), or Fanconi anemia (n = 1). Pretransplant conditioning
was as follows: patients with ALL, AML, and CML were condi-
tioned with either busulfan and cyclophosphamide (CY) (n = 11)"
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Fig1. Study of adhesion mol-
ecule (CD11a in this case) ex-
pression on CD5* and CD5 B
lymphocytes by three-color anal-
ysis and flow cytometry. Mono-
nuclear cells were purified from
the blood of a patient, obtained 4
months after BMT, and the cells
were stained for the indicated
antigens. (A) Forward-scatter
versus side-scatter dot-plot anal-
ysis. (B) An R1 region selecting
CD19" lymphocytes was drawn
in a side-scatter versus FL3
(CD19-PercP labeling) dot plot.
(C) Cells contained in R1 (CD197)

E were classified as CD5" (R2) and
CD5" (R3) in an FL2 (CD5-PE la-
beling) versus FL3 (CD19-PercP)
dot plot. (D) Histogram of FL1

miy (CD11a-FITC) expression on R3-

gated (CD19+CD57) cells. (E)
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or fractionated total body irradiation (TBI) and CY (n = 16)'*; NHL
cases received carmustine, CY, and VP-16'%; the case of thalassemia
was conditioned with busulfan and CY?’; AA patients received CY,
procarbazine, and antithymocyte Ig*'; the case with Fanconi anemia
was conditioned with CY alone.?? Prophylaxis of graft-versus-host-
disease (GVHD) in patients treated with allo-BMT was performed
with methotrexate and cyclosporine.” None of these patients devel-
oped either acute GVHD greater than grade I or chronic GVHD.
Blood samples were taken from all the patients at early (2 to 4
months) and late (12 to 15 months) post-BMT periods. Additional
blood samples were obtained bimonthly from 6 patients over the
subsequent two years. Healthy volunteers were used as controls.
Cord-blood samples were obtained from 16 clinically healthy neo-

Fig 2. Expression of CD54, CD44, CD11a, and CD62L on CD5 (A)
and CD5" (B) B lymphocytes obtained from healthy controls (CJ) and
BMT-treated patients studied at early (2 to 4 months, &) and at late
(12 to 15 months, @) periods after BMT. Values shown are the per-
centages of B cells positive for the indicated molecule, and the results
represent the mean + SD of 38 BMT-treated patients and 23 healthy
volunteers.
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Fig 3. An example of histo-
gram representation of CD54,
CD44, CD11a, and CD62L expres-
sion on CD5" (A) and CD5" (B)
B lymphocytes obtained from a
BMT-treated patient, 3 months
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3

(early post-BMT period) and 14 1102 182
months (late post-BMT period)

after BMT. DS4
nates. All patients and controls were informed about the objectives
and methods of the study and gave their consent.

Monoclonal antibodies (MoAbs). The following fluorochrome
(fluorescein isothiocyanate, FITC; phycoerythrin, PE; and peridi-
nin chlorophyll protein, PerCP)-labeled mouse MoAbs were used
in this study: control IgG1-FITC, IgG1-PE, 1gG2-FITC, 1gG2-PE
and IgGl-PerCP, and anti-CDI1a-FITC, anti-CDI11b-PE,
anti-CD11¢c-PE, anti-CD19-PerCP, anti-CD20-FITC, anti-CD20-
PerCP, anti-CD25-PE, anti-CD44-FITC, anti-CD54-PE, anti-
CD62L-FITC, anti-CD62L-PE, anti-CD69-FITC, and anti-CD71-
FITC MoAbs were purchased from Becton Dickinson (San Jose,
CA); anti-CD5-FITC, anti-CD5-PE, anti-CD19-FITC, anti-CD19-
PE, anti-CD29-PE, and anti-DR-FITC MoAbs were obtained from
Coulter (Hialeah, FL).

Cell preparation. Venous or cord-blood samples were drawn
into heparinized vacutainer tubes, and the mononuclear cells were

IJ‘k
1807 161 DT DRI

"""é—"'""?. by
14z 1¢° ig4 1

D11A

1wz 19t 0! 102 19°
CD44 c CDé62L
isolated on a Ficoll density gradient (ICN Biomedicals Inc, Costa
Mesa, CA). Cells obtained from the interface were washed three
times in Hanks’ balanced salt solution (HBSS) and resuspended at
5 % 10° cells/mL. Viability of the isolated cells always exceeded
95% as determined by trypan blue exclusion.

Staining of cells. All antibodies were spun at 12,000g for 15
minutes at 4°C to remove antibody aggregates that could cause non-
specific staining of lymphocytes. In single-, double-, and triple-label-
ing experiments, 5 X 10° blood mononuclear cells were incubated
with 10 gL of FITC-, PE-and/or PerCP-conjugated MoAb for 30
minutes at 4°C. The cells were washed twice in HBSS containing
0.1% sodium azide and analyzed within 2 hours.

Flow cytometry.  Flow cytometry analysis was performed on a stan-
dard FACScan instrument (Becton Dickinson) equipped with an air-
cooled argon ion laser, which operated at 488 nm and 15 mW of
power. The instrument was equipped with three fluorescence-detector
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Fig 4. Comparison of CD54, CD44, CD11a, and CD62L expression
on CD5 B lymphocytes obtained from allo-BMT-treated (CJ) and
auto-BMT-treated (M) patients, at early period (2 to 4 months, A)
and at late (12 to 15 months, B) periods post-BMT. Values shown are
the percentages of CD5 B cells positive for the indicated molecule,
and the results represent the mean + SD of 24 and 14 patients treated
with allo- and auto-BMT, respectively.

photomultiplier tubes, with green fluorescence (FITC) being collected
through a 530/30-nm bandpass, orange/red (PE) through a 585/42-
nm bandpass, and red (PerCP) through a 650-nm longpass filter. The
FACScan was standardized regularly, on a daily basis, by alignment
using singly-stained lymphocytes (FITC [FL1], PE [FL2], PerCP [FL3])
for each fluorescent channel. The compensation settings were FL1-%
FL2 = 0.9%, FL2-%FL1 = 23%, FL2-%FL3 = 2%, and FL3-%FL2
= 30%. Compensation did not affect the staining profile of the corre-
sponding fluorochrome. Background fluorescence was determined with
FITC-, PE- and PerCP-conjugated mouse IgG of the appropriate isotype
(Becton Dickinson). Results were analyzed using the LYSIS-II software
program (Becton Dickinson).

Statistical analysis. The Mann-Whitney rank-sum test was used
to compare adhesion molecule expression results. Differences with
a P value < .05 were considered significant.

RESULTS

Adhesion molecule expression on blood CD5~ and CD5"
B-lymphocyte subsets reconstituted after BMT. Blood B
lymphocytes from BMT-treated patients were obtained at
early (2 to 4 months) and late (12 to 15 months) time inter-
vals, after the transplant, and the expression of several sur-
face molecules was analyzed on CD5" and CD5  B-cell
subsets. The study was performed on isolated mononuclear
cells that were stained with CD19-PerCP MoAb and FITC-
or PE-conjugated anti-CD5 MoAb and PE- or FITC-conju-
gated MoAb directed against several adhesion molecules,
and the analysis was performed as follows: (1) cells were
gated for CD19" lymphocytes using side scatter versus log
fluorescence plot (Fig 1A and B); (2) CD19" B lymphocytes
were gated into two nonoverlapping subsets according to
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their CD35 expression: CD19"CDS" and CD19°CD5 " cells
(Fig 1C, R2 and R3, respectively); (3) adhesion molecule
expression was analyzed for cells within either the
CD19*CD5" (R2) or the CD19°CD5™ (R3) gate (Fig 1D
and E). A minimum of 5,000 B-cell-gated events were col-
lected for analysis of adhesion molecule staining. Control-
stained cells were also gated according to CD19 CDS5 expres-
sion and, thus, differed for each subset. The cursor was set
so that less than 1% of the cells stained positively with the
corresponding control antibodies. The percentage of cells
that stained positively and the mean fluorescence intensity
were recorded for each sample.

As can be seen in Figs 2A and 3A, CD5™ B lymphocytes
obtained in the early post-BMT phase exhibited a consider-
ably low expression of the adhesion molecules CD54, CD44,
CDl1a, and CD62L in comparison with that observed in the
same population of healthy controls (P < .0001, < .0001,
< .0001, and < .0005, respectively). The expression on this
B-cell subset of other adhesion molecules, such as CD29,
as well as the expression of other B-cell antigens, including
CD20 and DR, did not show this alteration (data not shown).
Similar results were obtained when the detection of CD20,
rather than CD19, antigen was used to identify B lympho-
cytes. The expression of all four adhesion molecules under
study returned to normal in the late post-BMT period (Figs
2A and 3A). None of these B-cell populations showed sub-
stantial numbers of activated lymphocytes, defined as
CD25", CD69", and CD71" cells.

It has been reported previously that blood samples ob-
tained during the early post-BMT interval show a large pro-
portion of B cells expressing the CD5 molecule.*'*"" In our
study, the proportion of CD5" B cells in early post-BMT
blood samples accounted for 42% * 6% of the total B lym-
phocytes whereas, in healthy controls, only 18% * 3% of
the B cells expressed CD5 (mean *+ SD of 38 and 23 different
cases, respectively). The CD5" B-cell percentage decreased
in the late post-BMT period (to 31% =+ 5%, mean = SD, n
= 38), but still remained higher than normal. Figures 2B
and 3B summarize the analysis of adhesion molecule expres-
sion on these B lymphocytes. In contrast to CD5™ B cells, the
expression of CD54, CD44, CD11a, and CD62L on CD5" B
lymphocytes was found to be normal even in the early post-
BMT period.

Figure 4 shows the comparison of adhesion molecule expres-
sion by CD5™ B cells between auto- and allo-BMT-treated
patients. As can be seen, no difference was observed between
the two groups of patients when the data from either early (Fig
4A) or late (Fig 4B) post-BMT periods were compared.

To examine in detail the sequence of normalization of altered
adhesion molecule expression in the post-BMT period, CD5™ B
cells from several patients were analyzed bimonthly (Fig 5).
Follow-up studies showed that the initial low expression of
CD54, CD44, CDl11a, and CD62L was progressively corrected
during the following months. The time taken for complete recov-
ery of adhesion molecule expression varied from patient to pa-
tient, ranging between 6 and 14 months in the 6 cases examined
(10.6 = 3 months; mean + SD).

Comparative analysis of adhesion molecule expression by
B lymphocytes from cord and adult blood. Because B-cell
reconstitution after BMT probably mimics physiological B-
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cell ontogeny, the possibility that the described alterations
also occurred in the cord-blood B lymphocytes was exam-
ined. Figure 6 shows that cord-blood CD5~ B cells also
exhibited an expression of CD54, CD11a, and CD62L much
lower than that observed in adult CD5~ B lymphocytes (P
< .0001, <.0003, and .0001, respectively). In addition, most
cord-blood CD5™ B lymphocytes expressed CD44, but at an
intensity notably lower than that of adult CD5™ B cells (P
< .0001) (Fig 6B). On the other hand, cord-blood CD5" B
lymphocytes showed a normal expression level of all the
adhesion molecules under study (data not shown).

DISCUSSION

Surface antigen expression profiles of blood B lympho-
cytes regenerating after BMT have been previously analyzed
in detail."*>'*'"" However, these reports did not pay much
attention on the adhesion molecule expression by the two
major subsets of B lymphocytes. The present study shows
that, early after BMT, newly formed CD5™ B lymphocytes
exhibit a markedly low expression of several adhesion mole-
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cules, such as CD54, CD44, CD1l1a, and CD62L, which are
usually present on most adult normal CD5~ B lymphocytes.*
This phenomenon seems to be restricted to certain molecules,
because the presence of CD29, DR, CD19, and CD20 on
the same cells remained unaffected. Sequential analysis of
blood CD5" B lymphocytes after BMT shows that the low
expression of the adhesion molecules under study gradually
recovered, until normal levels were reached in the late post-
BMT period (12 to 15 months post-BMT). The deficit was
detectable for a variable, but usually prolonged, period of
time. Moreover, this sequence of events was similarly ob-
served after both auto- and allo-BMTs, thus ruling out a
possible implication of allogeneic reaction in this phenome-
non. Therefore, the low expression of CD54, CD44, CDI 1a,
and CD62L on CD5™ B lymphocytes, as well as its later
correction, appear to be a general rule in the post-BMT
regeneration of these B lymphocytes.

It has been proposed that post-BMT B-cell formation re-
sembles B-cell ontogenic development during fetal and new-
born life. This is based on the fact that both conditions show
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tion of CD54, CD44, CD11a, and
CD62L expression on CD5 B
lymphocytes after BMT. The
three upper rows show histo-
gram representation of these
molecules in samples from the
same BMT-treated patient ob-
tained at 3, 9, and 15 months
after BMT. Bottom row shows
results obtained with a normal
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upper angle of each histogram.
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relevant similarities, including the temporary increase of
CD5" B cells,”'*!'"""*!3 the pattern of Ig VH repertoire recon-
stitution,™ the prolonged period of in vivo and in vitro B-
cell disfunction,**'**® and the increased susceptibility to
bacterial infections.”’ In consequence, we examined the ad-
hesion molecule expression on cord-blood B cells. The re-
sults showed that cord-blood CD5™ B cells also exhibited a
similar abnormally low expression of CD54, CD44, CDI la,
and CDG62L on their surface. These data support the notion
that the acquisition of a normal expression of these mole-
cules on CD5" B cells might be developmentally pro-
grammed. This idea is reinforced by the observation that
some of these molecules (CD44, CD11a, and CD62L) show
similar kinetics of expression during the normal B-cell devel-
opment within the BM.*

Fig 6. Comparison of CD54,
CD44, CD11a, and CD62L expres-
sion on CD5 B lymphocytes
from cord blood and adult con-
trol blood. (A) An example of his-
togram representation of the ex-
pression of these molecules. (B)
Summary of these experiments.
Values shown are the percent-
ages of CD5™ B cells exhibiting
CD54, CD44, and CD11a expres-
sion (B, top panel), and fluores-
cence intensity of CD44 expres-
sion (B, bottom panel). Results
represent the mean + SD of 16
and 23 samples of cord blood ([J)
and normal adult blood (M), re-
NSITY spectively.

As has been previously described,*'™'" and also shown

here, increased numbers of CD5™ B lymphocytes are detect-
able after BMT. The reason for this increase remains un-
known. Functionally, this B-cell subset (also known as Bla
lymphocytes) has been commonly associated with natural
auto-reactivity, whereas most CD5~ B lymphocytes (the so-
called conventional or B2 lymphocytes) appear related to
classical humoral immune response to foreign antigens.” In
this context, the result that diminished adhesion molecule
expression occurs in early post-BMT and in cord-blood
CD5" B lymphocytes, but not in CD5", probably indicates
that the two B-cell subsets exhibit significant differences in
their maturational programs.

Increasing evidence support the view that adhesion mole-
cules such as LFA-1 (CD11a-CD18), CD54, CD44, and
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CD62L are necessary for B lymphocytes to perform a broad
variety of functions. Thus, these molecules appear to be
required for efficient B~T-cell cooperation in several in vitro
and in vivo models of B- and T-cell activation, growth,
and differentiation,”®* for B-cell-endothelial cell contact
leading to migration and homing to different locations,'® and
for the interaction between B lymphocytes and follicular
dendritic cells, which seem to participate in memory B-cell
selection.®**” Accordingly, decreased expression of these
molecules might impair many aspects of B-cell physiology.
In this regard, it has been previously reported that infants
(<2 years of age)*® as well as BMT recipients (<300 days
post-BMT),* show an immature splenic marginal zone, a B-
cell area apparently associated with memory B-cell accumu-
lation and humoral response to encapsulated bacteria.*® It
could reasonably be predicted that a lack or insufficiency of
relevant adhesion molecules hampers CD5™ B lymphocytes
migration into specialized areas. Therefore, the finding that
CD54, CD44, CD11a, and CD62L are poorly expressed by
circulating CD5™ B lymphocytes, in the post-BMT period
as well as in newborns, might contribute to explain the pro-
longed state of humoral immunodeficiency observed in both
situations.

ACKNOWLEDGMENT

We are indebted to Drs J. Lopez, J. Garcia-Laraiia, J. Pérez-
Oteyza, J. Odriozola, M. Maldonado, E. Otheo, and A. Muiioz (from
Bone Marrow Transplantation Unit, Hospital Ramén y Cajal, Ma-
drid, Spain) for their cooperation in obtaining patients’ blood sam-
ples.

REFERENCES

1. Keever CA, Small TN, Flomenberg N, Heller G, Pele K, Black
P, Pecora A, Gillio A, Kernan NA, O‘Reilly RJ: Immune reconstitu-
tion following bone marrow transplantation: comparison of recipi-
ents of T-cell depleted marrow with recipients of conventional mar-
row grafts. Blood 73:1340, 1989

2. Small TN, Keever CA, Weiner-Fedus S, Heller G, O‘Reilly
R, Flomenberg N: B-cell differentiation following autologous, con-
ventional or T-cell depleted bone marrow transplantation: A recapit-
ulation of normal B-cell ontogeny. Blood 76:1647, 1990

3. Storek J, Ferrera S, Ku N, Giorgi JV, Champlin RE, Saxon
A: B-cell reconstitution after human bone marrow transplantation:
Recapitulation of ontogeny? Bone Marrow Transplant 12:387, 1993

4. Lum LG, Munn NA, Schanfield MS, Storb R: The detection
of specific antibody formation to recall antigens after human bone
marrow transplantation. Blood 67:582, 1986

5. Kagan JM, Champlin RE, Saxon A: B-cell dysfunction follow-
ing human bone marrow transplantation: Functional-phenotypic dis-
sociation in the early post transplant period. Blood 74:777, 1989

6. Aucouturier P, Barra A, Intrator L, Cordonnier C, Schulz D,
Duarte F, Vernant JP, Preud’homme JL: Long-lasting IgG subclass
and antibacterial polysaccharide antibody deficiency after allogeneic
bone marrow transplantation. Blood 70:779, 1987

7. Velardi A, Cucciaioni S, Terenzi A, Quinti I, Aversa F, Grossi
CE, Grignani F, Martelli MF: Acquisition of Ig isotype diversity after
bone marrow transplantation in adults. A recapitulation of normal B-
cell ontogeny. J Immunol 141:815, 1988

8. Kelsey SM, Lowdell MW, Newland AC: IgG subclass levels
and immune reconstitution after T cell-depleted allogeneic bone mar-
row transplantation. Clin Exp Immunol 80:409, 1990

9. Atkinson K, Farawell V, Storb R, Tsoi MS, Sullivan KM,
Witherspoon RP, Fefer A, Clift R, Goodell B, Thomas ED: Analysis

1739

of late infections after human bone marrow transplantation: Role of
genotypic non-identity between marrow donor and recipient and of
non-specific suppressor cells in patients with chronic GVHD. Blood
60:714, 1982

10. Ault KA, Antin JH, Ginsburg D, Orkin SH, Rappeport JM,
Keohan ML, Martin P, Smith BR: The phenotype of recovering
lymphoid populations following marrow transplantation. J Exp Med
161:1483, 1985

11. Antin JH, Ault KA, Rappeport JM, Smith BR: B lymphocyte
reconstitution after human bone marrow transplantation. Leu-1 anti-
gen defines a distinct population of B lymphocytes. J Clin Invest
80:325, 1987

12. Richard RH, Hayakawa K: CD5 B-cells, a fetal B-cell lineage.
Adv Immunol 55:297, 1994

13. Bofil M, Janossy G, Janossa M, Burford GD, Seymour GJ,
Wernet P, Kelemen E: Human B-cell development. II. Subpopulation
in the human fetus. J Immunol 134:1531, 1985

14. Antin JH, Emerson SG, Martin P, Gadol N, Ault KA: leu
1+(CD5+) B-cell; a major lymphoid subpopulation in human fetal
spleen: Phenotypic and functional studies. J Immuno! 136:505, 1986

15. Durandy A, Thuillier L, Forveille M, Fischer A: Phenotypic
and functional characteristics of human newborns’ B lymphocytes.
J Immunol 144:60, 1990

16. Imhof BA, Dunont D: Leukocyte migration and adhesion.
Adv Immunol 58:345, 1995

17. Tutschka PJ, Copelan EA, Klein JP: Bone marrow trans-
plantation for leukemia following a new busulfan and cyclophospha-
mide regime. Blood 70:1382, 1987

18. Thomas ED, Clift RA, Fefer A: Bone marrow transplantation
for the treatment of chronic myelogenous leukemia. Ann Intern Med
104:155, 1986

19. Jagannath S, Dicke KA, Armitage JO: High-dose cyclophos-
phamide, carmustine and etoposide and autologous bone marrow
transplantation for relapsed Hodgkin’s disease. Ann Intern Med
104:163, 1986

20. Lucarelli G, Galimberti M, Poichi P: Bone marrow trans-
plantation in patients with thalassemia. N Engl ] Med 322:417, 1990

21. Smith BR, Guinan EC, Parkman R: Efficacy of cyclophospha-
mide-procarbazine-antithymocyte serum regime for prevention of
graft rejection following bone marrow transplantation for transfused
patients with aplastic anemia. Transplantation 39:671, 1985

22. Zanis-Neto J, Ribeiro RC, Medeiros C, Andrade RJ, Ogasa-
wara V, Hush M, Magdalena N, Friedrich ML, Bitencourt MA,
Bonfim C, Pasquini R: Bone marrow transplantation for patients
with Fanconi anemia: A study of 24 cases from a single institution.
Bone Marrow Transplant 15:293, 1995

23. Storb R, Deeg HJ, Whitehead J, Applebaum F, Beatty P,
Bensinger W, Buckner D, Clift R, Doney K, Farewell V, Hansen J,
Hill R, Lum L, Martin P, McGuffin R, Sanders J, Stewart P, Sullivan
K, Witherspoon R, Yee G, Thomas ED: Methotrexate and
cyclosporine compared with cyclosporine alone for prophylaxis of
acute graft versus host disease after marrow transplantation for leu-
kemia. N Engl J Med 314:729, 1986

24. Banchereau J, Rousset F: Human B lymphocytes: Phenotype,
proliferation, and differentiation. Adv Immunol 52:125, 1992

25. Fumoux F, Guigou V, Blaise D, Maraninchi D, Fougereau
M, Schiff C: Reconstitution of human immunoglobulin VH reper-
toire after bone marrow transplantation mimics B-cell ontogeny.
Blood 81:3153, 1993

26. Hayward AR, Lawton AR: Induction of plasma cell differenti-
ation of human fetal lymphocyte: Evidence for functional immaturity
of T and B-cell. J Immunol 115:1213, 1977

27. Cowan MJ, Ammann AJ, Wara DW, Howie VM, Schultz L,
Doyle N, Kaplan M: Pneumococcal polysaccharide immunization in
infants and children. Pediatrics 62:721, 1976



1740

28. Kansas GS, Dailey MO: Expression of adhesion structures
during B-cell development in man. J Immunol 142:3058, 1989

29. Kantor AB: The development and repertoire of B-1 cells
(CDS B-cells). Immunol Today 12:389, 1991

30. Lane PJL, McConnell FM, Clark EA, Mellins E: Rapid signal-
ling to B-cells by antigen-specific T-cells requires CD18/CD54 inter-
action. J Immunol 147:4103, 1991

31. Owens T: A role for adhesion molecules in contact-depen-
dent-T help for B-cells. Eur J Immunol 21:979, 1991

32. Tohma S, Hirohata S, Lipsky PE: The role of CD11a/CD18-
CD54 interaction in human T cell-dependent B-cell activation. J
Immunol 146:492, 1991

33. Lohoff M, Kock A, Rollinghof M: Two signals are involved
in polyclonal B-cell stimulation by T helper type 2 cells: A role for
LFA-1 molecules and interleukin 4. Eur J Immunol 22:599, 1992

34. Moy VT, Brian AA: Signalling by lymphocytes function-
associated antigen 1 (LFA-1) in B—cells: Enhanced antigen presenta-~
tion after stimulation through LFA-1. J Exp Med 175:1, 1992

35. Sen J, Bossu P, Burakoff SJ, Abbas AK: T cell surface mole-
cules regulating noncognate B lymphocyte activation. Role of CD2
and LFA-1. J Immunol 148:1037, 1992

PARRA, ROLDAN, AND BRIEVA

36. Koopman G, Parmentier HK, Schuurman H-J, Newman W,
Meijer CJ, Pals ST: Adhesion of human B-cells to follicular dendritic
cells involves both the lymphocyte function-associated antigen 1/
intercellular adhesion molecule 1 and very late antigen 4/vascular
cell adhesion molecule 1 pathways. J Exp Med 173:1297, 1991

37. Koopman G, Keehnen RM, Lindhout E, Newman W, Shimizu
Y, Seventer GA, Groot C, Pals ST: Adhesion through the LFA-]
(CD11a/CD18)-ICAM-1 (CD54) and the VLA-4 (CD49d)-VCAM-
1 (CD106) pathways prevents apoptosis of germinal center B-cells.
J Immunol 152:3760, 1994

38. Timens W, Boes A, Rozeboom-Uiterwijk T, Poppema S: Im-
maturity of the human splenic marginal zone in infancy. Possible
contribution to the deficient infant immune response. J Immunol
143:3200, 1.989

39. Nakayama A, Hirabayashi N, Ito M, Kasai K, Fujino M,
Ohbayashi M, Asai J: White pulp reconstitution after human bone
marrow transplantation. Am J Pathol 143:1111, 1993

40. Liu YJ, Zhang J, Lane PJI, Chan and EYT, Mac Lenan ICM:
Sites of specific B cell activation in primary and secondary responses
to T cell-dependent and T cell-independent antigens. Eur J Immunol
21:2951, 1991



