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A Role for Lys—His—Gly-NH; in Avian and Murine B Cell Development
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Lys—His=Cilv-NH; has been claimed fo seloctively indoce B cell precursors to differentiate
inte mature B lvmphocytes. In the present study, the effects of this irpeptide and & condrol
compound having the reverse sequence (Gly=His-Lyi-NH;) on growth and diferemiation of
chicken amd mpuse B cell procurson were investigated. When chicken o marmow (B} cells
fromm | 3-dav-old embryos were treated for 1% br with either of the tripeptides, the frequency of
Bu- | antigen-bearing cells increasad. Moreover, when embryonss bursa cells were stimulated i
witre will pharbol myristate acetate, which mduces them 1o proliferate and undergs terminal
differentiation inlo immunoglobalin (1gksecreting cells, these compounds saused a 10-fold in-
cresss in the number of Ig-secreting cells but did mot increase cell proliferation. They bed no
ol am niconatal mr ndult hersa cells. Embryosic barsa cefls were cultured in the presence of
citlser af the tripeptides and metabolically labeled with [*5]methioniee, When immunoprecips-
tated Ig was analyzed by two-dimensional gel electrophoresis, nodifferences in u beavy or A light
chain diversity patierns coukl be detected, indicating that neither of these compourads enhanoes
Ip diverslication, The effect of these tripeptides om murine B oall precussors wss ssayed in
cultunes of BM cells depleted of mature B cells by S-fuorourscl. When precursor cells were
incubated wrthout adherent BM siromal cells, they did not respord 1o (he inpeplided. However,
after incubation of precursors with sdherent stromal BM cells Fan dlays, falbowed by treatment
with sither of the two tripeptides, diffe iadiam inla 4 ) ide-reactive mature B cells
ok place, Incubation of precursors with sdherenl s.:mmal M r:a:lh i thee absence of iripepiides
was nof sufficient to albow the procufsess w compleie differentiation. In addition, hoth tripep-
tidess acted syiengmstically with intereukin | or interleukin 3. In conclusion, these tripeptides
wem o enhanee procarssr B el difereatiation in a Mg ponspecific manner rilber than io
function = lineage-specific differentiation bormones. £ 1989 Acdemic Peis. I

INTRODUCTION

B lymphopoiesis is associated with particular hemopodetic tissues acting as unique
microenvironments in which B cell progenitors are stimulated to grow and differen-
Lk nor Cunctional cells oy Do Dinds, tee burss of Fabricius provides such a microenyie
romment, The diversification of a single functional germ line V-gene for both the
light and the heavy chain oocurs by somatic gene conversion-like mechanisms, thus
crcating the preimmune lg-receptor repertoire (2), In mammals, however, the B cell
system is penerated and mainiained by continuous differentiation of large numbers
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of precursor cells from stem cells in the bone marrow (BMY (3, 4), and the antibody
repertoire is created by selecting ¥, D, and J immunoglobulin (Ig)-gene segments for
rearrangement from a relatively large pool (5).

Stromal cells of B lymphopoictic organs may mediate their regulatory effects via
direct cell contact and/or by the production of diffusible growth and differentiation
factors (6). One such factor from bursal extracts, a tripeptide (Lys—His—Gly-NH:)
termed “bursin,” has been suggested to function as a bursal hormone selectively in-
ducing phenotypic differentiation (expression of the Bu-1 alloantigen) in avian pre-
cursor B cells from embryonic BM or bursa, but not avian precursor T cells (7, 8).
Matural as well as synthetic tripeptides increase levels of cyclic adenosine monophos-
phate and guanosine monophosphate in the human Daudi B ccll line but not in
human CEM T cells (9). Similar effects have been detected using the munne B cell
line MOPC 315 (9).

In the present study, the capacity of Lys—His-Glv-WH: and its reverse structure
Gly-His-Lys-NH; to sustain B cell precursor differentiation was evaluated with both
chicken and mouse cells. No evidence for a specific action was found. However, a
nonspecific differentiation enhancing activity was detected with properties similar to
those of a previously described tripeptide known to modulate cell growth by facilitat-
ing copper uptake in a variety of cell types (10, 11).

MATERIALS AND METHODS

Animals, HB21 chickens were obtained from the Institute’s breeding farm (Gipf-
Oberfrick, Switzerland). Female o male BALB/C mice, 11-15 weeks old, were ob-
tained from Harlan OLAC, Lid. ( Blackthorn, Bicester, Oxon, England) or from IFFA
CREDO (L' Arbresle, France). The animals were specific pathogen-free and kept in a
barrier-sustained unil, Donors for precursor B cells were treated with 3-fluorouracl
{5-FL; Sigma No. F-6227, St. Louis, MO at 150 mg/kg body wt 3 days before BM
cells were collected. Female Lewis rats nol older than 5 weeks (from the Institute for
Biomedical Research, Fiilllinadorf, Switzerland) were used to obtain thymus fil-
ler cells.

Monoclonal antibodies. Monoclonal antibody L.22 was prepared as previously de-
seribed and was used to stain BM cells for the Bu-la marker (12). Monoclonal anti-
bodies M-4 and L-1 {Southern Biological Associates, Birmingham, AL} were used to
stain g and A chains on the cell surface (13)

Interlewking (1) Mouse recombinant 1L-3 (rlL-3; a gift from Dr. Hajime Karasu-
yama, Basel Institute for Immunology) was obtained from the supernatant of the
transfected mouse B cell myeloma X63/0 (14) and stored at 4°C. Human recombi-
mant 1= 1o (TIL-o) expressed in Escherichia colf was purchased from CISTROMN Bio-
rechnology (Pine Brook, NI

Synrhetic pepiides. Gly-His-Lys-NH; and Lys-His-Cily-NH, were synthesized
with an Applicd Biosystems Model 430A peptide synthesizer, employing the standard
solid-phase method on d-methylbenshydrylamine resin (15, 16). The peptides were

5 A bhreviations usad: B, Bome marroe; g, meuncghobaling 3-FLU, S-Muomearactd; 1L, interlesking rlL,
recombinant interlesking ERSS, Earle’s halanced calt solution; FCE_ listal esdf serum: 1.ME, Zemercapio-
ethanal; PMA, phorbol myristate acetate: LPS, lipopolysacchande: IMDM, lscove's modified Dulbeccn’s
medium: DS, dextran sulfate; PRC, plaguesforming oellis); bW, apparent molecular weight.
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deprotected and removed from the resin by anhvdrous hydrogen fluoride in the pres-
ence of anisole (1 7). Then, the peptides were purified by HPLC on a C18 reverse-
phaze column {Yydac).

Culture of bursa cells. Single cell suspensions from bursal tissue fragments were
prepared as previously described (18). The cells were prepared in cold Earle®s bal-
anced salt solution (EBSS) with 1% fetal calf serum {FCS; GIBOO, Grand Island,
MY, washed once, and immediately resuspended in culture medium (freshly pre-
pared Iscove’s modified Dulbeceo’s medium (IMDM) adjusted to the correct osmo-
lality fior chicken cell cultures: 350-360 mosmal) ( 19). Culiure medium was supple-
mented with FCS, bovine serum albumin, chicken transferrin, 2-mercaptocthanal
(2-ME), and gentamycin as previously described (197, B cells were polyclonally acti-
vated with 50 ng/ml of phorbol mynstate acetate (PMA, Sigma; dilution made from
a stock solution containing 10 mg/ml PMA in absolute ethanol), 50 gg/ml of lipo-
palvsaccharide (LPS from Salmionella fuphasa; Difco, Detroit, MI), or 25 pgfml of
dextran sulfate (DxS: Pharmacia, Uppsala, Sweden). Cells were cultured at 5 = 10°
itt Mat-bottom microtiter plates (Costar No. 3596, 96 wells: Cambridge, MA) in a
volume of (0,2 ml. The cultures were incubated for 42 hr at 37°C n 5% CO; and
Q5% air.

Crftures of murine ¥ cell-depleted BM cells. BM cells were depleted of adherent
cells by filtration over Sephadex G-10 beads. The method and the preparation of
single cell suspensions have been described in detail (20, 21). Mature B cells were
eliminated by adsorption on Optilux polystyrene petri dishes (100 > 15 mm; Falcon
Mo, 1001, Oxnard, CA) coated with 10 ml of monoclonal anti-g chain antibody (C-
2-27%; 5 mg protein/ml). The detailed procedure has been published elsewhere (20). B
cell-depleted 3-FU resistant BM cells (10° in 2 ml of complete RPMIT 1640 medium)
were conditioned for 2 days on stromal BM cells in Costar six well cluster dishes
(Costar Mo. 3506). Nonadherent cells were removed, and cell clusters composed of
adherent and nonadherent cells were dissociated by 15-30 min incubation at 37
in collagenase solution (collagenase type 2, No. C-6B85, Sigma; 00 1 5% (w/v), in phos-
phate-buffered saline containing also 1 gg/ml of DNAse) and subsequent fltration
over Sephadex G-10, The cells passing through the G110 column were collected,
washed once with cold balanced salt solution {BSS), and resuspended in RPMI 1640
medium sepplemented with FCS, antibiotics, and 2-ME. Cells were incubated in
miicrocultures with or without adherent cells at a density of 2 3 10#/0.2 ml. Tn cultures
without stromal cells, the wells had been coated with human fibronectin (25 gg/ml;
S0 gl fweell; 2 b at 37°C)(22) kindly provided by Dr. REobert Pytela, Basel Institute for
Immunology, Interleuking and/or tripeptides were resupplied o the microculiures
by replacing one-fourth of the volume with facior-containing medium every 72 hr.
Incubation was continued for 7 to 10 days.

Estahlishment of murine adherent BM cell layers, This method has been described
in detail {20, 21). Adherent BM cells were established in two ways: (i) in flat-bottomed
Costar microtiter plates by adding to easch well 1.5 3 107 BM cells in 200 ul of IMDM
supplemented with 5% FCS (Batch Mo, 20017 45D GIBCO Europe, Paisley, Scot-
land), antibiotics (penicillin, streptomycin), and 5 = 1077 A 2-ME; (ii) in Costar six-
well cluster dishes by seeding 2 % 10° BM cells in [IMDM supplemented with 5% FCS
to each well, Monadherent cells were removed after 5 days and adherent cell layers
were allowed to grow to confluence for 2 weeks,
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Biosyntheric labeling of cultured bursa celle. After one wash with warm EBSS, cul-
tured cells were hiosvathetically labeled with [**S Jmethionine { 100 pCi/0.2 ml: Amer-
sham, England) For & hr using methionine-lree Dulnecco’s modified Eagle’s medium
{Amimed, Basel, Switzerland) supplemented with 10% dialyzed FCS. Afier labeling,
thie cells were washed once with ice-cold EBSS and lysed with ice-cold lysis buffer (10
mM Tris-HCL pH &, 1% NP-40, | mAf phenylmethylsulfony] fluoride, 015 NaN,).
The supernatant and cell lvsate from cell cultures were combined and wsed for immu-
noprecipitation with protein A-conted Sepharose beads {Pharmacial and rabhbit
anti-chicken Ig {7 % fraction: Mordic, Tilburg, The Metherlands) as previously de-
scribed (23,

Twaedimensional pel electrophores(s. The method of O°Farrell (24) was employed.
Immunoprecipitated samples were dissolved in sample buffer (9.5 4 urea. 2% am-
pholine pf range 3.5-10, 5% 2-ME). The gels were processed for luorography and
exposed for 1-7 dave on Kodak XRS5 flm at —70°C (25).

Assesgaent ef functional B cefls. Nonadherent cells were collected from maturation
cultures, and the requency of functional LPS-reaciive Boclls was cstimaied by limit-
ing dilution analysis in microcultures as previously reported (20, 26). Ig-secreting cells
were monitored in a modified protein A plague assay (20, 21) ongrmally described by
Cironowce &f af, {27,

RESULTS AMD DISCUSSION

Effects of Tripeptides o the Differemiation of 8 Cells from He Bursa of Embryonic
atd Newly Havched Chickers

In a first series of experniments, BM cells from | 5-day-old chicken embryos were
incubated with graded amounts of Gly-His-Lys-NH; or Lys-His-Gly-NH. . respec-
tively, and the appearance of Bu-la-bearing cells was monitored by staining the cells
with moneclonal antibody L.22 dirctad against the Bu-la marker and a flucresccin-
labeled anti-mouse Ig antibody. Control cultures without peptides contained an aver-
age of & = 4% Bu-la-bearing cells (mean value from three experiments £ S0 In
culiures containing between 10 and 100 agiml of either of the oo peptides, 10 to
158% of the cells were Busla positive. On the other hand, the proportion of serfsce [g-
hearing cells was not chanped, as assessed wsing monoclonal antibodies M-4 and L-
1. which defect g heavy and A light chains. respectively (dula mot showi).

Tabde | shows the effect of cither of the two tnpeptides on bersa cell culiwres col-
lected from chickens 4 weeks after hatching or from 15-day-old embryonic dosors.
Cell proliferation, as determined by ["H]TdR incorporation, was only marginally in-
creased, repardless of the ontopemetic stage of the cell donor. There was no direct
effect on the momber of Ig-secreting cells. On the other hand, sddition of eather of the
two tripeptides at a concentration of 50 gg/ml together with PMA or with a combina-
tion of PMA, DxS, and LPS resulted in an 8- to 10-Fold increase 0 the number of Ta-
secreting cells if the cultures contained embryonic bursal cells. In contrast, no effect
was observed when cells from d-week-old bursa were used. It s noteworthy that the
tripeptides had 1o be continooasdy present in culture. Preincubation fos 30 min was
insufficient to increase the number of PFC sigmiicanily. These resulis supgest that
both peptides enhance polyclonally induced embryonic bursal cell differentiation
into antibody-secreting cells, After hatching, however, bursa cells no longer respond
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Conins 4@y -Hi Ly Lys-Hia-Oiy

Fic. 1. 2103 ged electropharetic comparison of keavy (@) and light (&) chains from immunaprecipitabed,
reduced Ig produced by embryonic bursal cells colored with Gly-His-Lys-NH,, with Lys—His-Gly-NH,
[buifsimm ), oF Without tripeprides (conral), Bsoeksctric focusing (pf mnge 3,5 10) was in the horsomal di-
mension, cathode on befi, The figure shows sutoradiographs (5 days expasre) of the gels.

o the tipeptides. Conceivably, the tripeptides act on stages of the B lineage present
in the embryonic bursa but absent from the bursa 4 weeks after hatching,

Effevts af Tripeptides on Chicken Antibody Diversification

The generation of antibody diversity in the chicken bursa during ontogeny at the
protein level was analyzed by 20 gel electrophoresis (193, Protein diversification was
found to occur primarily between Days 15 and 18 of embryogenesis (19). In addition,
enhancement of Ig secretion in embryonic bursa cell cultures supplemented with
tripeptides was observed. To determine if the mripeplides affecied Ig-gene diversifica-
tion, Day | 5 embrvonic bursal cells were incubated with either of the two tripeptides
and labeled with [*S]methionine after 3 days. The results are shown in Fig. 1. Immu-
noprecipitates of Ig revealed o group of spots of 70-75 kDa apparent molecular
weight (aMW), corresponding to g heavy chains, and a better resolved pattern of
spots in the A light chain region (aMW: 25-29 kDa). Comparison between gels of
cells incubated with or without tripeptides indicated that neither of the tripeptides
affected the diversity spectra of g heavy and X light chains.

Effecis af Tripeptides on Murine B Cell Precatrsors in Adwit BM

A subset of BM cells enniched for early, noncycling progenitors (28, 299 can be
ohtained from adult murine BM afier the donors have been treated with 5-FU. Such
precursors require interaction with adherent BM stroma cells in order 1o generate
mature B cells after 7-9 days of incubation (21). In order 1o score B cell-containing
cultures, (he nonadherent subpopulation was transferred to fresh microculiures,
stimulated with LPS, and Ig-sccreting cells were assessed as protein A PFC after
4 davs.

To investipate whether the effects of the stromal microenvironment could be mim-
icked by the tripeptides, B cell progenitors were exposed to them in the absence of
spromal B cells. As shown in Fig. 2, no mature, LPS-esponsive B cells appered
under these conditions. However, when B cell progenitors were allowed to interact
with adherent BM stroma for 48 hr (conditioning of precursors) and incubation was



EFFECT OF Lys-His-Gly ON B CELL FRECUBRSORS 325

1 e
1/

|/

T

¥ - p— ey s

tripepiide mySml

Fiti. 1. Generation of LPS-responsive B cells in cubtures of B eell-depleted BM precursors callected from
mice ireated with 3-FLL Precursors eithes wene cultused in the presence of praded doses of’ Lys-His-Gly-
MIH, {C--LTy or Gly-His-1 ve-hH, (B8} withowt adherent BM cells or were firsd conditioned on an
established Layer of adherent BM cells for 48 br and iben incubation was continued without sroma cells
in miedium supplemented with Lys-His-Gly-NH; (0 — Ojor Gly-His-Lys-NH (8 — ) er withoul LHi-
peptide (), Culiures were scared poditive ifthey contained LFS-reactive cells giving rise v more than five
profein A& PFC, Teeaty microgulivres were sl up G each crmcentration of tripeptide (002 ml: by
cells). Ome represeniative experiment 5 shown.

continued in wells coated with fibronectin and medium supplemented with cither of
the two tripepides, there was a dose-dependent increase in the proportion of positive
cultures {Fig. 2. When conditioned precursors were cultured in a similar way but
without tripeptides, they did not develop into mature B cells, In conclusion, besides
the signal given by the tripeptides, an additional signal provided by direct cell-cell
contact is required for B cell precursor maturation, which is in accordance with work
published previously (30, 31). Precursor cells cultured in insert chambers, separated
from a layer of BM stroma by a nucleopore membrane, formed mature B cells only
if they had been preconditioned on adherent BM cells and if nonadherent accessory
cells had been cultured with stroma cells in the surrounding well (30). The nonadher-
ent accessory cell involved might be a T lvmphocyte, since a mixiure of dendntic
cells and T cells seems to be required in order to complete differentiation of [L-3-
dependent precursor B eell clones (3334

Conditioned precursors cultured with tripeptides yielded 70-80% positive cultures,
while all cultures hecame positive afier the precursors had been allowed to differenti-
ate on BM siroma during the entire culture period (Fig. 2, Although there was a
dase-dependent increase in the number of LPS-induced PFC obtained from positive
cultures, it never reached the extent observed after continuous coculturing of precur-
sor cells with BM stroma cells (Fig. 3). This isconsistent with the finding that superna-
tants conditioned by cloned stroma cells support neither the short-lerm nor the long-
term growth of B cells with the same growth kinetics as those of cells growing in direct
contact with an uncloned adherent cell laver (6). Therefore, additional factors might
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Lys-Hiw-Ghp-58, Gly-Bis-Lys-MHy
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Fio. 3, Bange of antibody-seercting oolls (protein A FEL) anuang m microcullunes aner LPS stimislarion.
T cieltures contained murine BM precarsors conditionsd on BM stromal cells for 48 brand then cullured
in the presence of tripeptides. Stromall condrol: precursors comtinuously cultured with sdherent BM stromal
cells prior 1o LPS stimulabion. Each group consists of 60 microculiores. Othereise same condilions 3%
thase in Fig. 2.

be involved, On the basis of the observation that the panspecific inferlenking 11-1
and 1L-3 partially support final differentiation of B cell precursors conditioned on
BM stroma ( 30), tripeptides were tested in combination with [L-1 and/or [L-3,

Symerpizm with 1L-3 and 11-1

Thie 1esulis of these experiments arc summanized in Fig, 4. Neithers of the interleu-
kins alone allowed significant maturation of B cell progenitors. However, combina-
tions of the tripeptides with either IL=1 or 1L-3 supporied terminal differentiation of
preconditionsd progenitors maore efhowenily than the mixtore of [-3 and TL-1.
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Fici, 4. Tripeptides potentiate the e’ 15 of IL-3 and IL-1 on precosditioned progenitor B cells (3-FLU
imsensitive, mature B cell-depleted BY cells). Each bar represents the arithmetic mean (£50) ol thnee

imdependent cell culture experimenis. Each experimental groug consises of 30 microculiures, Murine ril-
31 from supernatant of transfected B sell mopolama MEIA, 3% E - Lo 1w KL ovdi, 3 LY

mlL Dherwise same conditions a8 those in Fig. 2. 8, Precursors cultured on stromal By cells all the time.
W, Precwrsors combitioned on gromal BM cells for 24 hr. B, Lys-His—Ghy-MH: (bursing; 18, Gly=Hig=Lys-
MH; (reverse bomalog of bursin)

Taken together, these findings suggest that Lys—His—Gly-NH; (bursin) modulates
the maturation of subsets of avian and munne B cell precursors. The reverse homaol-
ogy. however, was as active as the molecule present in the bursa of Fabricius. It is
possible that both tnpeptides, by binding copper to histiding, promote copper uplake.
Az shown for Glv—His-Lys-MNH, from eatl liver an increase in copper uptake leads to
enhanced growth of g varbewy of cells i vigre (10, 110, In e experiments with chicken
cells reported here we found no evidence for an increase in cell proliferation, How-
ever, 1t 15 possible that terminal differentiation of late postmitotic precursor B cells
{4) could be cnhanced by such a mechanism and this may represent one of the fune-
tiens of the bursal or BM microenvironment. Finally, elevation of ¢cAMP or cGMP,
which has been reported to be induced in Daudi cells by Lys-His=Gly-NH: and 10 a
much lesser degree by Gly-His-Lys-NH: {91 may also play a role. Our data clearly
exclude thai either of these tnpeptides acts as a hneage-selecting differentiation hor-
mizne or s a regulator of ¥-gene diversification,
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