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The Development of a Model for the Homing of Multiple Myeloma Cells to
Human Bone Marrow

By Mitsuyoshi Urashima, Benjamin P. Chen, Shirley Chen, Geraldine S. Pinkus, Roderick T. Bronson,
Douglas A. Dedera, Yasutaka Hoshi, Gerrard Teoh, Atsushi Ogata, Steve P. Treon, Dharminder Chauhan,
and Kenneth C. Anderson

Prior in vitro studies have suggested a role of adhesion mole-
cules, bone marrow stromal cells (BMSCs), and cytokines in
the regulation of human multiple myeloma (MM) cell growth
and survival. Although in vivo models have been developed
in severe combined immunodeficient (SCID) mice that sup-
port the growth of human MM within the murine BM micro-
environment, these xenograft models do not permit a study
of the role of adhesion proteins in human MM cell-human
BMSC interactions. We therefore established an in vivo
model of human MM using SCID mice implanted with bilat-
eral human fetal bone grafts (SCID-hu mice). For the initial
tumor innoculum, human MM derived cell lines (1 x 10* or
5 x 10* ARH-77, OCI-My5, U-266, or RPMI-8226 cells) were
injected directly into the BM cavity of the left bone implants
in irradiated SCID-hu mice. MM cells engrafted and prolifer-
ated in the left human fetal bone implants within SCID-hu
mice as early as 4 weeks after injection of as few as 1 x
10* MM cells. To determine whether homing of tumor cells
occurred, animals were observed for up to 12 weeks after

DHESION MOLECULES on multiple myeloma (MM)
cels play arole in the homing of malignant plasma
cellsto the bone marrow (BM) after 1g class switching within
the lymph node; regulation of MM cell growth and survival
in the BM microenvironment; tumor cell egress from the BM
with the development of plasma cell leukemia (PCL); and,
finaly, metastatic seeding at extramedullary sites. However,
to date, the mgjority of studies examining therole of adhesion
molecules, BM stromal cells (BMSCs), and cytokinesin reg-
ulating MM cell localization, growth, and apoptosis within
the BM microenvironment have been performed in vitro**®
and may not accurately identify factors important for the
pathophysiology of MM invivo. For example, in vitro studies
suggest that localization of tumor cells in the BM is related
to MM cell binding to fibronectin and collagen | via very
late antigen-4 (VLA-4) and syndecan, respectively,*** aswell
as tumor cell binding to BMSCs by VLA-4 to vascular cell
adhesion molecule-1 (VCAM-1) and LFA-1 to intercellular
adhesion molecule-1 (ICAM-1) interactions.™* Moreover,
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injection and killed to examine for tumor in the right bone
implants. Of great interest, metastases to the right bone
implants were observed at 12 weeks after the injection of 5
x 10* MM cells, without spread of human MM cells to murine
BM. Human MM cells were identified on the basis of charac-
teristic histology and monoclonal human Ig. Importantly,
monoclonal human Ig and human interleukin-6 (IL-6), but
not human IL-18 or tumor necrosis factor-«, were detectable
in sera of SCID-hu mice injected with MM cells. In addition,
specific monoclonal Ig light chain deposition was evident
within renal tubules. This in vivo model of human MM pro-
vides for the first time a means for identifying adhesion mol-
ecules that are responsible for specific homing of human
MM cells to the human, as opposed to murine, BM microen-
vironment. Moreover, induction of human IL-6 suggests the
possibility that regulation of MM cell growth by this cytokine
might also be investigated using this in vivo model.

© 1997 by The American Society of Hematology.

changes in cell surface phenotype of tumor cells have been
described with disease progression, ie, acquisition of CD11b
and LFA-1 with loss of CD56, VLA-5, MPC-1, and synde-
can-1 on PCL cells.**'"*® However, in vitro adhesion assays
are dependent on the ability of BMSCs to be grown to con-
fluence under the influence of serum and growth factors, and
it is therefore possible that their adhesion molecule profile
may have been atered. In addition, cells may also be selected
for outgrowth in vitro that do not reflect BMSCs in vivo.
Delineation of the role of adhesion molecules in disease
pathogenesis requires in vivo models. Available models in
severe combined immunodeficient (SCID) mice have shown
that intraperitoneal injection of MM cells permits tumor cell
growth within the peritoneal cavity'® and that intravenous
injection of ARH-77 MM cells results in disseminated tumor
cell growth both in the murine BM and other organs. %
However, to date, an in vivo model to assess the role of
adhesion molecules in homing of human MM cells to human
BMSCs has not been described.

Once MM cells are localized in the BM microenviron-
ment, BMSCs and cytokines regulate their growth and sur-
vival. Interleukin-6 (IL-6) is the maor autocrine and para-
crine growth factor for human MM? and can inhibit
apoptosis of tumor cells induced by corticosteroids, serum
starvation, and anti-Fasin vitro.?>?® Importantly, recent stud-
ies show that adhesion of MM cells to BMSCs, in addition
to localizing tumor cells within the BM microenvironment,
also upregulates IL-6 secretion by BMSCs.»*** However, in
vitro studies again may not accurately reflect the biologic
significance of BMSCs and cytokines in vivo. For example,
most freshly isolated MM patient cells do not produce IL-6
or demonstrate autocrine IL-6—mediated growth in vitro;
however, triggering tumor cells via their cell surface CD40,
as may occur in vivo, induces IL-6—mediated autocrine
growth.?® In vitro studies aso show that MM cells produce
transforming growth factor-g1 (TGF-41), but lack TGF-81
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SCID-Hu MODEL OF MYELOMA

responsiveness.®* However, TGF-31 stimulates |L-6 produc-
tion by BMSCs and may therefore indirectly regulate para-
crine IL-6—mediated MM cell growth in vivo. Previously
described in vivo murine model s have already shed consider-
able insight into the role of cytokines, ie, IL-6, in the patho-
genesis of human MM. For example, either mice injected
with pristane or IL-6 transgenic mice develop massive plas-
macytosis and/or transplantable monoclona plasmacyto-
mas®-%; in contrast, pristaneinjection in IL-6—deficient mice
induces lymphocytosis without either plasmacytosis or the
development of mouse plasmacytomas.®* However, these
models do not alow for the characterization of the role of
human BMSCs and cytokines in the regulation of human
MM cell growth and surviva in vivo.

The SCID-hu mouse, developed by surgical implantation
of feta hematolymphoid organs (eg, bone grafts, lymph
node, and thymus) into SCID mice, has been used to study
normal hematopoiesis and malignant cell growth as well
as cytokine and gene therapies.®** In this study, we have
established an in vivo model for the study of MM localiza-
tion and growth within the human BM microenvironment
using SCID-hu mice implanted with bilateral human fetal
bone grafts. Human MM-derived cell lines injected directly
into the marrow cavity of the left bone implant of irradiated
SCID-hu mice spread to the right bone implant, but did not
home to murine BM. Immunoperoxidase staining confirmed
monoclonal tumor cell growth, which was coupled with se-
cretion of monoclonal human Ig and human IL-6 in sera
of tumor-bearing mice. This in vivo model may therefore
facilitate studies of homing of human MM cellsto the human
BM microenvironment as well of as the role of BMSCs and
cytokines in regulation of tumor cell growth and survival.

MATERIALS AND METHODS

MM-derived cell lines. The ARH-77, U-266, and RPMI-8226
human MM-derived cell lines were obtained from American Type
Culture Collection (Rockville, MD) and cultured in RPM[-1640 me-
dium with 10% fetal bovine serum.®® The OCI-My5 MM céll line
was kindly provided by Dr H.A. Messner (Ontario Cancer Institute,
Toronto, Ontario, Canada), and cultured in Iscove’'s media (Sigma,
St Louis, MO) with 10% fetal bovine serum.*

SCID-hu mice and cell innoculation. Homozygous C.B-17 scid/
scid mice (SCID) were bred, treated with antibiotics, and used when
6 to 8 weeks old. The collection of fetal tissues and implantation of
human fetal long bone grafts into SCID mice to produce SCID-hu
mice has been previously described.***? In brief, the femurs and
tibias of 19 to 23 gestational week fetuses were cut into fragments
(approximately 5 X 5 x 10 mm) and implanted subcutaneously into
both sides of SCID mice. The human fetal tissues were obtained
with appropriate informed consent and in compliance with regula-
tionsissued by the state and the federal governments. SCID-hu mice
were exposed to 400 cGy v irradiation from a **’Cs vy irradiator at
a dose rate of 75 cGy/min. Either 1 x 10* or 5 x 10* ARH-77, U-
266, OCI-My5, or RPMI1-8226 MM cells or phosphate-buffered sa-
line (PBS) donein 10 uL wasthen injected directly into the marrow
cavity of theleft fetal bone implant in SCID-hu mice or was injected
subcutaneously into SCID mice without human fetal bone implants.

Histopathological analysis. Mice were killed at 4, 8, and 12
weeks after MM cell injection. Excised organs included the left- and
right-sided human fetal bone grafts, spleen, liver, thymus, kidney,
lung, vertebrae, spinal cord, and brain. Tissues were fixed in Bouin's
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solution, embedded in paraffin, sectioned, and stained with hematoxy-
lin and eosin (H&E) to perform histopathological examination. Im-
munoperoxidase studies were performed on paraffin sections using
an indirect technique as previously described, with modifications.*
Rabhit antibodies (Abs) to human Ig light (x and \) and heavy (1gG,
IgA, IgM, and IgE) chains, as well as swine antirabbit 1g conjugated
to horseradish peroxidase, were obtained from Dako Corp (Carpen-
teria, CA). Antibody localization was effected using a peroxidase
reaction with 3,3-diaminobenzidine tetrahydrochl oride as chromogen.

Measurement of human IL-6, IL-18, and human tumor necrosis
factor-a (TNF-a) secretion. IL-6 levels in the sera of SCID and
SCID-hu mice, in sera of SCID-hu mice injected with human MM
cells, and in the supernatants of human MM-derived cell lines cul-
tured in media were measured using an enzyme-linked immunosor-
bent assay (ELISA), as previously described.?*“ Briefly, (1) 96-well
plates (Costar, Cambridge, MA) were coated with anti—IL-6 MoAb
(murine 1gG1; Toray, Ohtsu-shi, Shiga, Japan); (2) wells were satu-
rated with calfskin gelatin (BioRad, Melville, NY)-PBS for 1 hour;
(3) seria dilutions (100 uL) of test sample supernatants were added
in duplicate to plates; and (4) biotinylated detector anti—IL-6 MoAb
(Genetics Institute, Cambridge, MA) was added and devel oped with
avidin-peroxidase (Amersham, Arlington Heights, IL), tetrameth-
ylbenzidine, and 30% peroxide (Sigma). The minimal detectable
level of IL-6 (Kirin-Brewery Co Ltd, Minato-ku, Tokyo, Japan) was
10 pg/mL. Human IL-18 and TNF-« levels in sera of mice were
measured using ELISA kits (R&D Systems [Minneapolis, MN] and
Endogen [Cambridge, MA], respectively). The minima detection
levels were 4 pg/mL IL-18 and 5 pg/mL TNF-«a. These ELISA
systems do not detect mouse cytokines.

Solid-phase ELISA for 1gG and IgA. Quantitative ELISA was
used to measure levels of human 1gG and IgA in the mouse serain
amanner similar to that described for 1L-6 above.® Goat antihuman
polyvaent Ig Ab (Sigma) was used as the coating Ab, and biotin-
conjugated goat antihuman I1gG Ab (Sigma) or antihuman IgA Ab
(Sigma) was used as detection Ab. The levels of detection of both
1gG and 1gA were 1 ng/mL.

RESULTS

Human MM cells grow in fetal human bone implants
within SCID-hu mice. To study homing of human MM
cells to human BMSCs, we first attempted to establish MM
cell growth in SCID-hu mice. After irradiation (400 cGy) of
SCID-hu mice, 1 x 10* or 5 x 10* ARH-77, OCI-My5, U-
266, or RPM1-8226 MM cells or PBS was injected directly
into the left human bone implant. Mice were killed 4, 8, and
12 weeks later, and the left fetal bone implant was examined
histologically by H& E staining and also for monoclonality
by Ig heavy and light chain immunoperoxidase staining. As
early as 4 weeks after injection of as few as 1 x 10* MM
cells, the left human bone implant specimens in al SCID-
hu mice injected with MM cells showed infiltration of the
human BM by tumor cells characteristic of the innoculated
MM cell line, with only rare normal BM elements. By 12
weeks after injection of tumor cells, the surrounding tissue
was largely replaced by neoplastic plasma cells. Histologic
findingsin left implants from ARH-77 injected animals (Fig
1A) areillustrative of findings in animals injected with OCI-
My5, U-266, or RPMI-8226 MM cdlls. In contrast, BM
within fetal bone implants from the SCID-hu mice injected
with PBS aone (control) was hypoplastic with increased
fatty deposits, without any signs of inflammation, granula-
tion, or tumor either in the human BM or surrounding tissue
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(Fig 1B). Finally, no tumor growth was observed in SCID
mice without human bone implants that were similarly
treated with irradiation (400 cGy), injected with the same
MM cell innocula subcutaneoudly, and killed at these inter-
vals (data not shown).

To confirm that the tumor cells infiltrating the left bone
implant were monoclonal, immunoperoxidase staining was
performed using antihuman « or \ Ig light chain Abs and
antihuman 1gG, IgA, IgM, or IgE heavy chain Abs. For
ARH-77 MM cell line, tumor cells infiltrating the bone im-
plants stained with antihuman IgG heavy chain Ab and anti-
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Fig 1. Human MM cells grow
in fetal human bone implants
within SCID-hu mice. SCID-hu
mice were treated with irradia-
tion (400 cGy), injected directly
into the marrow cavity of the left
fetal human bone implant with
5 x 10* ARH-77 MM cells or with
PBS, and killed 12 weeks later.
H&E-stained tissue sections of
the left human fetal bone mar-
row implant from SCID-hu mice
injected with ARH-77 MM cells
(original magnification x 100
[A]) or PBS (original magnifica-
tion x 40 [B]) are shown.

human « Ig light chain Ab (Fig 1C), but not with antihuman
IgA, IgM, or IgE heavy chain Abs or with antihuman \ Ig
light chain Ab (Fig 1D), consistent with monoclonal ARH-
77 cells that secrete 1gG k. These findings are illustrative of
the characteristic monoclonal specificity observed in tumor
cells within bone implants of SCID-hu mice injected with
other MM cells: IgA \, \, and IgE X for OCI-My5, RPMI-
8226, and U-266 MM cells, respectively. Control murine
BM and splenic cells were not stained with these Abs, con-
firming that they are not crossreactive with murine cells.
Time- and dose-dependent growth of tumor cells in fetal
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Fig 1. (cont’d). Immunoper-
oxidase staining of the same hu-
man fetal bone marrow implant
from SCID-hu mice injected with
ARH-77 MM cells was also per-
formed using antihuman « (orig-
inal magnification x 100 [C]) and
antihuman M\ (original magnifi-
cation x 100 [D]) Ig light chain
Abs.

bone implants. The size of tumor within the left bone im-
plants, aswell asthe extent of local infiltration, correlated with
number of MM cells in the innoculum (5 x 10* > 1 x 10%)
and with time between injection of MM cells and killing of
the animals (12 weeks > 8 weeks > 4 weeks; Fig 2).
Metastasis of MM cells to the right bone implant within
SCID-humice. We next examined for homing of MM cells
to the right bone implant in SCID-hu mice that had been
treated with irradiation (400 cGy); injected directly into the
left boneimplant with ARH-77, OCI-My5, U-266, or RPMI-
8226 MM cells (1 x 10*to 5 x 10* or PBS; and killed at
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4, 8, and 12 weeks. Sites examined for tumor spread included
not only the right bone implant, but also murine BM within
vertebra and long bones, spleen, liver, thymus, kidney, lung,
vertebrae, spinal cord, and brain. At intervals of 4 to 8 weeks
after MM cell injection, no spread of tumor beyond the | eft
bone implant was observed (data not shown). However, at
12 weeks after the injection of each of these MM cell lines
(5 x 10* cells), characteristic tumor cell infiltration within
the BM of the right bone implant was observed. Histologic
findings in right-sided implants 12 weeks after innoculation
of 5 x 10* ARH-77 cellsinto the left bone implants of SCID-
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Fig 2. Time- and dose-dependent growth of tumor cells in fetal
bone implants. ARH-77 MM cells (1 x 10* or 5 x 10*) or PBS was
injected directly into the marrow cavity of the left fetal human bone
implant of previously irradiated (400 cGy) SCID-hu mice. Mice were
killed 4, 8, and 12 weeks later, and macroscopic sections of left human
bone implants were stained with H&E.

hu mice (Fig 3A and B) areillustrative of findingsin animals
injected with OCI-My5, U-266, or RPMI-8226 cells. Immu-
noperoxidase staining of the right bone implants with antihu-
man 1gG, IgA, and IgE heavy chain Abs, as well as antihu-
man « or \ Ig light chain Abs, confirmed monaoclonality of
tumor cells. For example, predominant 1gG « staining was
noted in right bone implants from animals injected in the
left implant with ARH-77 MM cells (Fig 3C). Tumor cells
were rarely observed in blood vessels (Fig 3D). Additional
spread of focal tumor formation was observed at 12 weeks:
ARH-77 MM cells within the mediastinum (Fig 3E), perito-

URASHIMA ET AL

neum, and epidural space; and OCI-My5 MM cells within
the peritoneum. Importantly, no spread of ARH-77, U-266,
and RPMI-8226 MM cells to murine BM was observed at
any time (Fig 3F), except for focal spread of tumor cells to
vertebral BM of SCID-hu mice 12 weeks after injection with
5 x 10* OCI-My5 MM cells. Although scattered isolated
MM cells were present in lung, kidney, liver, and heart,
there was no evidence of tumor formation at these sites. All
metastatic lesions were shown to be monoclonal, based on
pattern of immunoperoxidase staining using antihuman 1gG,
IgM, IgA, IgE, k and N Abs, and were identical to the tumor
cells previously injected into the left bone implants.

Growth of human MM cells within SCID-hu mice triggers
human monoclonal |g secretion. To further confirm the
growth of human MM cells within the SCID-hu mice, we
next examined for human monoclonal proteins in the sera
of mice at similar intervals after the injection of MM cells
into the left bone implants. We therefore next measured
levels of human 1gG and IgA in sera of SCID-hu mice by
ELISA (Fig 4). Although human IgG or IgA were undetect-
ablein sera of SCID-hu mice injected with PBS, U-266 MM
cells (IgE secreting), or RPMI1-8226 MM cells (A secreting),
those mice injected with ARH-77 MM cells had low levels
of human IgG but not IgA at 4 weeks, which increased at 8
and 12 weeks. In aparallel fashion, mice injected with OCI-
My5 MM cells had detectable human IgA but not 1gG in
sera at 4 weeks, which increased at 8 and 12 weeks.

Growth of human MM cells within SCID-hu mice triggers
human IL-6, but not human IL-13 and TNF-a secretion.  The
levels of human IL-6, IL-13, and TNF-« in mouse serum were
next examined by ELISA. Human IL-6 remained undetectable
in SCID-hu mice beforeand at 4, 8, and 12 weeks after injection
with PBS. In contrast, low levels of human IL-6 were present
in sera of SCID-hu mice at 4 weeks after injection of RPMI-
8226 MM cells and increased at 8 and 12 weeks after tumor
cell injection, correlating with spread of disease beyond the left
bone implant (Fig 5A). For each of the 4 MM cell lines studied,
human IL-6 secretion into mouse sera was greater in animals
injected with 5 x 10* than with 1 x 10* MM cdls (Fig 5B).
Neither human IL-18 nor human TNF-a were detectable in
the sera of mice under any conditions. Finaly, IL-6 was unde-
tectable in day-1, -2, -3, and -7 supernatants of these 4 cdll
lines (data not shown).

Deposition of human Ig light chain in kidney of SCID-hu
mice. We next examined the kidneys of SCID-hu mice
injected with MM cells (5 x 10* cells) and killed at 12
weeks. Although no MM cells were noted in the kidneys of
these animals, characteristic specific renal tubular staining
for human « or \ light chain was observed in mice injected
with ARH-77 or U-266, RPMI-8226, and OCI-My5 MM
cells, respectively. For example, A and « tubular staining in
animals injected with U-266 cells is shown in Fig 6A and
B, respectively. Staining was predominant in the proximal
tubules as reabsorption droplets, with less staining in collect-
ing tubules and ducts. Glomerular staining or tumor forma-
tion within the renal parenchyma was not observed.

DISCUSSION

MM remains incurable, with a median survival at best
of only 48 months regardless of whether a single agent or
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Fig 3. Metastasis of MM cells
within SCID-hu mice. SCID-hu
mice were treated with irradia-
tion (400 cGy), injected directly
into the marrow cavity of the left
fetal human bone implant with
5 x 10* ARH-77 MM cells, and
killed 12 weeks later. H&E (origi-
nal magnification x 100 [A] and
x 400 [B])

combination chemotherapy is used, and there is a great need
for novel treatment approaches. The establishment of a mu-
rine model reflecting the pathophysiology of human MM in
vivo is required not only for enhanced understanding of the
mechansims of tumor cell homing and localization to the
BM and disease progression, but also for the development
and testing of potential novel treatment approaches. To date,
SCID mice have been used to establish a human MM mouse
model. Feo-Zuppardi et a® first reported growth of human
MM cells in SCID mice after intraperitoneal injection of 2
to 10 x 10° patient MM cells, evidenced morphologically
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and by secretion of monoclonal 1g. In this model, most hu-
man plasmacytes were localized in the peritonea cavity,
without metastasis to murine BM. Others have shown sus-
tained production of human antibodies by B cells after intra-
peritoneal transfer of normal human peripheral blood mono-
nuclear cellsinto SCID mice.”” Therefore, growth within the
peritoneal cavity of SCID mice may not require a malignant
phenotype. Huang et a® next showed the disseminated
growth of ARH-77 MM cells after intravenous injection of
10" ARH-77 MM cdlls into irradiated SCID mice. Disease
manifestations included hind limb paralysis due to infiltra-
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tion of tumor cells into the thoracolumbar vertebrae. Subse-
quently, these investigators evaluated the impact of Ab di-
rected against intercellular adhesion molecule-1 (anti-CD54)
on tumor cell growth in this model.*> More recently, the
SCID mouse model of MM has proven useful for characteriz-
ing MM bone disease.? After injection of 10° ARH-77 MM
cells intravenously, hind limb paralysis was observed, as
noted previously®?*; however, of great interest was the de-
velopment of bone disease manifest by lytic bone lesions
and hypercalcemia. In this study,? there was diffuse spread
of tumor to murine BM and other organs, but no increase in

URASHIMA ET AL

Fig 3. (cont’d). and immuno-
peroxidase staining with anti-«
Ig Ab (original magnification x
100 [C] and x 1,000 [D]) of the
right-sided human fetal bone
marrow implant is shown.

either murine or human cytokines, such as IL-6, IL-1, or
TNF-a. Most recent reports suggest the utility of the MM
SCID mouse model for evaluation of therapiesfor drug resis-
tant MM“ and of gene therapy approaches for MM .*°
Multiple prior studies have defined mechanisms of MM
cell binding to BMSCs in vitro,**® but these studies depend
on the growth of BMSC cultures, which may not reflect the
cellular composition or adhesion molecule profile of BMSCs
in vivo. In the current study, we used the SCID-hu mouse
model, which has been used to evaluate human infectious
diseases, hematopoiesis, malignant cell growth, and gene
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Fig 3. (cont’d). Mediastinum
(original magnification x 40 [E])
and murine vertebral BM (origi-
nal magnification x 400 [F])
were also stained with H&E.

therapies.®“*? In contrast to all prior studies, the present
model allows for the evaluation of the homing and adhesion
of human MM cells to human BM SCs, because it is the only
model with human fetal bone grafts in SCID mice. In our
study, as few as 1 X 10° MM cells injected directly into the
fetal boneimplant grew in SCID-hu mice. Importantly, after
MM cells were established in the left human bone implant,
as evidenced by marked infiltration of neoplastic plasma
cells, tumor cells subsequently homed and spread to human
BM within the right-sided human bone implants. In our
study, immunoperoxidase staining of tumor cells, growing
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initially within left bone implants and subsequently in right
bone implants, confirmed monoclonality consistent with tu-
mor cells in the innoculum. Moreover, the level of serum
monoclonal g, which was undetectable in control SCID-hu
mice, correlated with tumor cell mass. In contrast to other
studies, growth of human MM cells was rarely found in
murine BM in SCID-hu mice, suggesting an affinity of hu-
man MM cells for human BM. Moreover, the presence of
isolated MM cells without tumor formation in lung, kidney,
liver, heart, and blood vessels further suggests that tumor
cells circulate but grow only in specific environmentsin our
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Fig 4. Growth of human MM cells within SCID-hu mice triggers
human monoclonal Ig secretion. ARH-77 and OCI-My5 MM cells were
injected directly into the left human fetal bone implant in SCID-hu
mice, and sera samples were taken from these mice 4, 8, and 12
weeks later. Human IgG (H) in sera from mice injected with ARH-77
MM cells and human IgA (Y) in sera from mice injected with OCI-
My5 MM cells were quantitated by ELISA.

SCID-hu model. We aso confirmed MM cell growth and
related limb paralysis in SCID mice injected intravenouly
with higher numbers (10”) of MM cells, as noted in prior
reports.®>? However, in the present study, the subcutaneous
injection of fewer (10*) MM cells did not result in tumor
growth, suggesting that both cell doses and mode of innocu-
lation may affect MM cell growth in SCID mice. These
observations suggest that species-specific interactions be-
tween BMSCs and MM cells may exist alowing for the
homing of human MM cells to human BMSCs and further
highlight the importance of our model to understand migra-
tion and localization of human MM cells within the human
BM microenvironment.

We and others have shown that adherence of MM cells
to BMSCs in vitro can not only localize tumor cells in the
BM microenvironment, but also trigger IL-6 secretion.*?'®
Thisisrelated, at least in part, to induction of I1L-6 transcrip-
tion in BMSCs conferred through NF-«B.? In the current
study, metastasis of MM cells was observed only at 12
weeks, after extensive localized tumor cell growth in the left
implant, and was accompanied by elevation of human IL-6
in mouse serum. The current SCID-hu MM mouse model
therefore may alow for isolation and characterization of
those human MM cells responsive to IL-6, as well as study
of the mechanisms regulating IL-6 production in the marrow
environment in vivo. Prior MM models in SCID mice that
lack human BM SCs cannot be used for these studies, because
murine |L-6 does not act on human cells. Inaninitia attempt
to define triggers of IL-6 secretion in our model, we assayed
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Fig 5. Growth of human MM cells within SCID-hu mice triggers
human IL-6 secretion. RPMI-8226 MM cells (1 x 10°) were injected
directly into the marrow cavity of the left human fetal bone implant
in SCID-hu mice, and secretion of human IL-6 in mouse sera at 4, 8,
and 12 weeks was determined by ELISA (A). ARH-77, OCI-My5, U-
266, and RPMI-8226 MM cells ([N] 1 x 10* MM cells; and [H] 5 x 10*
MM cells) were also injected directly into the marrow cavity of the
left human fetal bone implant in SCID-hu mice, and the levels of
human IL-6 in sera samples taken from these mice 12 weeks later
were measured by ELISA (B).
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Fig 6. Growth of human MM
cells within SCID-hu mice trig-
gers monoclonal Ig light chain
renal tubular staining. U-266 MM
cells (5 x 10%) were injected di-
rectly into the marrow cavity of
the left human fetal bone im-
plant in SCID-hu mice. Mice
were killed 12 weeks later and
renal tissue was stained with
rabbit antihuman M\ (original
magnification x 100 [A]) and &
(original magnification x 100 [B])
immunoperoxidase Abs.

for human IL-18 and TNF-a within the sera of SCID-hu
mice bearing human MM cells, because both can be pro-
duced by MM cells and/or BMSCs and can upregulate IL-
6 gene transcription. In addition, IL-14 and TNF-« increase
inflammation and stimulate IL-6 production.®® Our data show
that the observed elevations of human IL-6 in sera of SCID-
hu mice were not accompanied either by increases in human
IL-18 and TNF-« or by inflammation around bone implants
and other organs. Our in vitro studies suggest that these MM
cells do not secrete IL-6 and that adherence of MM cells
to BMSCs triggers 1L-6 secretion primarily from BMSCs.!
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Future studies using this model will delineatein vivo mecha-
nisms regulating IL-6 production in the marrow microenvi-
ronment and specifically define whether human tumor cells
adhering to human BMSCs activate NF-xB and IL-6 tran-
scription in BMSCs in vivo, as is noted in vitro.? Finally,
IL-6 is also a survival factor for MM cells because it can
prevent tumor cell apoptosis triggered by dexamethasone,
serum starvation, and Fas.*? It is possible that the elevated
levels of serum human IL-6 seen in the SCID-hu mouse
model may prevent apoptosis of MM cells within the BM
aswell asat distant sites. Thismodel may therefore be useful
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for defining the critical role of the human BM microenviron-
ment not only in supporting localized growth and survival
of MM cellsin BM, but also in the progression and dissemi-
nation of disease.

In arecent study, Ahsmann et al® have suggested that the
simultaneous introduction of tumor and accessory cells from
peripheral blood or BM facilitates MM cell engraftment in
SCID mice. In our study, the lack of tumor cell growth in
SCID mice, coupled with growth of tumor cells in SCID-
hu mice, also highlights the importance of the human BM
microenvironment to facilitate human MM cell growth.
Taken together, these studies further suggest that factors may
exist in SCID mice that inhibit MM cell growth but that can
be overcome by human BM cells. In SCID mice lacking a
human bone microenvironment, for example, it is possible
that most MM cells in the innoculum are rapidly cleared by
the mouse reticuloendothelial system.®* In this case, the hu-
man bone implant within SCID-hu mice may counteract tu-
mor cell clearance by providing a supportive microenviron-
ment to which human MM cels home by specific
interactions mediated by adhesion molecules. Alternatively,
it is possible that the human BM microenvironment within
SCID-hu mice may be overcoming MM growth-suppressive
factors present in SCID mice, because the MM cells used
in this study grow rapidly in vitro without the need for
specific growth factors.®® Ongoing studies will define the
advantages of the SCID-hu model for tumor cell growth,
using IL-6—dependent and IL-6—independent cell lines as
well as freshly isolated patient tumor cell samples.

In our study, characteristic monoclonal tubular staining
for x or \ Ig light chains was observed in rena tubules,
without involvement of glomerulae, at 12 weeks after MM
cell injection into SCID-hu mice. Although we did not moni-
tor renal function in these animals, myeloma nephropathy is
characterized by the tubular deposition of monoclonal light
chains. Prior animal models of renal disease in MM have
injected Bence Jones proteins intraperitoneally into mice and
shown that particular proteins produce distinctive types of
protein deposition in rena tissue®® In addition, IL-6
transgenic mice develop progressive rena pathology charac-
terized initially by glomerulonephritis, followed by foca
glomerulosclerosis, and finally by extensive tubular damage,
reflecting changes observed in patients at terminal stages of
MM .* Ongoing studies will determine whether this SCID-
hu human MM cell model, if observed at longer intervals
after tumor cell injection, may mimic pathological changes
and renal dysfunction characteristic of MM kidney.
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