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ABSTRACT. To clarify the cellular biological roles of angiogenic factors
in myeloma cells, we studied the gene expression of various angiogenic
factors, including vascular endothelial growth factors (VEGFs), in 10 human
myeloma cell lines (MMCLs) using the multiplex-reverse
transcriptase-polymerase chain reaction (MP-RT-PCR). The VEGF-A
secretion into culture medium, the effects of anti-VEGF-monoclonal
antibody (MoAb) and interferon (IFN)-& on myeloma cells were also
studied. The following results were obtained. (1) VEGF-A, -B, and -D were
expressed in all the lines studied and that the expression levels of VEGF-A,
and -B were significantly higher in the MMCLs than in the non-myelomatous
hematological cell lines (nMCLs). Three out of ten MMCLs showed
VEGF-C expression, but none of the nMCLs did. VEGF receptor - 1
(VEGFR1) was expressed in all the lines, VEGF receptor-2 (VEGFR2)
was found in three of the ten MMCLs, and two of the nMCLs. (2)
VEGF-A production measured by the enzyme-linked immunosorbent assay
(ELISA) was significantly higher in the MMCLs than in the nMCLs. (3)
Anti-VEGF-MoAb resulted in growth inhibition in some myeloma cell
lines. (4) IFN-a caused growth inhibition in KMS-21BM cells in vitro,
but VEGF-A secretion increased. Based on these results, it is suggested
that the angiogenic factors studied play important roles in myeloma cell
proliferation, and that anti-angiogenic therapies may be useful not only for
solid tumors but also for hematological malignancies, especially myelomas.
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Angiogenesis is a necessary step in the progression of tumor growth,
invasion, and metastasis.!™®  Although the relation between tumors and
angiogenesis has been thoughly investigated, little is known about angiogenesis
in response to hematological malignancies. Recently, Bellamy et al/ reported
that the vascular endothelial growth factor (VEGF) gene was expressed in
human hematopoietic tumor cell lines derived from leukemia, lymphoma and
multiple myeloma.” In addition, the gene expression level of VEGF has been
found to be closely associated with the induction of neovascularization and to
correlate with tumor growth, metastatic potential and vascular permeability in
experimental mouse tumors.®

As multiple myeloma often manifests nodular progression in bone marrow
and metastasis to other organs and tissués, such as the pleural and abdominal
cavities, bone, skin, and breast, myeloma cells may possess cellular
characteristics similar to those of solitary tumor cells. Regarding myeloma and
angiogenesis, there have been several studies reporting that bone marrow
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neoangiogenesis in patients with myeloma paralleled tumor progression and
was associated with a poor prognosis, suggesting an angiogenesis-dependent
regulation of disease activity.”~'?

In this study, we examined the gene expression of four VEGF families
(VEGF-A, -B, -C, and -D) and their receptors in human myeloma cell lines
and compared it with that of other hematological malignant cell lines. In
addition, we analyzed the effects of anti-VEGF-A monoclonal antibody
(MoADb) on the proliferation of myeloma cells and the effects of interferon
(IFN)-a on production of VEGF-A from myeloma cells.

MATERIAL AND METHODS

Cell lines and cultivation.

Ten human myeloma cell lines (MMCLs) and seven non-myelomatous
hematological cell lines (nMCLs) were used in this study. Eight of the
MMCLs, excluding the u266 and RPMI 8226 lines, were established at
Kawasaki Medical School between 1982 and the present.!!~'? All the cell lines
were cultured in RPMI1640 medium with 10% fetal bovine serum and 100 xg/
ml of kanamycin in a humidified atmosphere with 5% CO, at 37°C.

Total RNA extraction and first strand cDNA synthesis

Total cellular RNAs from each cell line were extracted using a TRIzol™
reagent (GIBCO BRL Life Technologies, Gaithersburg, MD), according to the
manufacturer’s instructions. Then 1 yg of total RNA and oligo(dT)18 primer
(final concentration 1 xM) in 12.5 gl of diethyl-pyrocarbonate (DEPC)-treated
H,0 were heated to 70°C for 2 min followed by cooling on ice for 1 min.
cDNA synthesis was initiated using 200 units of recombinant MMLYV
(Molodey-Murine Leukemia Virus) reverse transcriptase (Clontech Lab. Inc.,
Palo Alto, CA) under conditions recommended by the manufacturer, and the
reaction was allowed to proceed at 42°C for 60 min. The reaction was
terminated by heating at 94°C for 5 min, and then it was diltued to a final
volume of 100 gl by adding 80 xl of DEPC-treated H,O.

Multiplex-reverse transcriptase-polymerase chain reaction (MP-RT-PCR) and
measurement of relative gene expression levels for angiogenic factors.

The MP-RT-PCR was applied to examine the gene expression levels for the
angiogenic factors and their receptor genes listed in Table 1. To amplify
B-actin, the housekeeping control gene, and the target gene in a single reaction,
the MP-RT-PCR was performed. The ratios of primer sets between the target
gene and B-actin are also shown in Table 1. These ratios and PCR cycles were
determined so as to amplify both products logarithmically and in relatively
similar amounts. The detailed MP-RT-PCR procedure has been reported
previously.'® After visualization of MP-RT-PCR product electrophoresis on a
1.2% agarose gel stained with ethidium bromide, gel images were -obtained
using the FAS-II UV image analyzer (TOYOBO Co.Ltd., Tokyo, Japan), and
the densities of the products were quantitated using Quantity One version 2.5
(PDI Inc., Huntington Station, NY). The relative expression level (REL) of
each target gene in individual cell lines was calculated as the density of the
product of the target gene divided by the density of the product of the B-actin
gene derived from the same MP-RT-PCR.
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TABLE 1. The primer sequences and PCR strategy used in this study

Gene Primer sequences (F, forward primer ; R, reverse primer) Temperature Product  S-actin : target gene

(% size (bp) ratio
VEGF-A F 5-GCAGAATCATCACGAAGTGG-3'; R 5-GCATGGTGATGTTGGACTCC-3' 58 212 0.8:2.0
VEGF-B F 5-CCTTGACTGTGGAGCTCATG-3' ; R 5-TGTCTGGCTTCACAGCACTG-3' 60 246 0.7:2.0
VEGF-C F 5-AGACTCAATGCATGCCACG-3' ; R 5-TTGAGTCATCTCCAGCATCC-3' 57 435 0.3:20
VEGF-D F 5-GCTGTTGCAATGAAGAGAGC-3' ; R 5-TCTTCTGTTCCAGCAAGTGG-3' 56 313 0.2:20
HGF F 5-GATCATCAGACACCACACCG-3'; R 5-CAACGCTGACATGGAATTCC-3' 57 281 0.4:20
FGF-2 F 5-CAAGCGGCTGTACTGCAA-3' ; R 5-CCTTCATAGCCAGGTAACGG-3' 58 173 0.4:2.0
FGF-4 F 5-CTCTCGGCTAGCATCCTCAG-3'; R 5-“GAGGACTTCAACACCGCAC-3' 55 105 0.3:2.0
Ang-1 F 5-AACACGATGGCAACTGTCG-3' ; R §-GGTTCCTATCTCCAGCATGG-3' 56 251 0.5:2.0
Ang-2 F 5-GCCACAACCATGATGATCC-3' ; R §-TTCTTGGTTGTGACAGCAGC-3' 58 340 0.4:2.0
VEGFR-1/Fit1 F 5-AAGAGAGCTTCCGTAAGGCG-3'; R §-GCATCCTCTTCAGTTACGTCC-3' 56 380 0.2:20
VEGFR-2/KDR  F 5-CCTTCTTCGAAGCATCAGC-3' ; R 5-AGAGATTCCATGCCACTTCC-3' 56 230 0.2:2.0
VEGFR-3/Fit4 F 5-AGTCACACGTCATCGACACC-3'; R 5-CTTCCTGTTGACCAAGAGCG-3' 61 344 0.4:20
Tiet F 5-GTTCAGTGGTTGTGTCTGCC-3'; R 5-TCAGCTGTGGTCTTCTCTGG-3' 60 243 0.4:2.0
Tek F 5-TCTCTGTGGAGTCAGCTTGC-3'; R 5-~AGGAAGGAAGCTTGTTGACG-3' 57 351 0.2:20
CD31 F 5-CAAGAGTGAACTGGTCACCG-3'; R 5-~ACTTTGCACGTGTAGTTGCC-3' 58 352 0.2:20
B-actin F 5-TGACGGGGTCACCCACACTGTGCCCATCTA-3' 661

R 5-CTAGAAGCATTTGCGGTGGACGATGGAGGG-3'

The abbreviations used in this table are : VEGF ,vascular endothelial growth factor; HGF,hepatocyte growth factor; FGF fibroblast growth factor;
Ang,angiopoetin; VEGFR,vascular endothelial growth factor receptor.

Measurement of VEGF-A in cultured medium

The concentration of VEGF-A in cultured medium was measured by the
enzyme-linked immunosorbent assay (ELISA) method (Otsuka Assay
Laboratory, Tokushima, Japan), which has been reported previously.'¥ After
cultivation of 50X 10* cells in a 35 mm culture dish with 2 ml medium for 48
hours, cells were counted and supernatant was applied for the ELISA assay.
The production of VEGF-A was calculated as the elevation of the VEGF-A
concentration for 48 hours divided by increasing cell numbers for 48 hours
(expressed as “pg/10* proliferated cells/48 hours”). Then the production
between MMCLs and nMCLs was compared.

Effects of anti-VEGF-A-MoAb

The anti-VEGF-A MoAb was kindly provided by the Bioscience Research
Department, Tsukuba Research Laboratory, Toagosei Co., Ltd, Tsukuba,
Ibaraki, Japan.'s~'® First, 10 to 30X 10* cells from the KMM-1, KMS- 18,
KMS-20, KMS-21PE and KMS-21BM cell lines were cultured with O (control),
50, 100 and 200 xg/ml of anti-VEGF-A MoAb for four days. Then, cells were
counted afer staining with trypan-blue. The growth rate was expressed as the
percentage of the control. In addition, the correlation between the growth rate
of 200 yxg/ml of anti-VEGF-A MoAb and the REL of the VEGF receptors
(VEGFRs) was statistically examined.

Effects of IFN-a on cell growth and VEGF-A production

KMS-21BM myeloma cell lines were cultured with 1,000 U/ml of
recombinant IFN-«-2b, Intron A (kindly provided by Schering-Plough K.K.,,
Osaka, Japan) for two days, and cell numbers were expressed as the percentage
of the control. The viability of cells was determined by trypan blue exclusion.
VEGF-A was measured using the method described above.

Statistical analysis

The Mann-Whiney test was used to analyze statistically the RELs of
angiogenic factor-genes and their receptor genes, and the production and release
of VEGF-A into the culture medium by MMCLs and nMCLs. The growth
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inhibitory effects of anti-VEGF-A MoAb on the myeloma cell lines were
analyzed by Fisher’s PLSD test. The growth inhibitory effects of IFN-¢ on
these cells were analyzed by Student’s F test.

RESULTS

gene expression of the angiogenic factors and their receptors

As shown in Fig 1, which shows a gel image of the MP-RT-PCR, all of
the lines studied expressed VEGF-A, -B and -D gene. Interestingly, although
VEGF-C was expressed in three out of the ten MMCLs studied, it was not
detected in the nMCLs. The expression of VEGF-B was significantly higher in
the MMCLs than in the nMCLs. The expression of VEGF-A and -D tended
to be higher in the MMCLs, although the expression was not statistically
significant. However, the expression of three VEGFRs varied from line to line.
Angiopoietin (Ang)-1, Ang-2 and CD31 gene expression were detected in all
the lines studied. Tie-1 and Tek, receptors for Ang-1 and Ang-2, were
sporadically expressed in the MMCLs and nMCLs. Fig 2 shows that VEGF-B
and -C were highly expressed in the MMCLs when the RELs of the genes in
the MMCLs were compared with those of the nMCLs. These results suggested

Multiple Myeloma CeliLines  Non-Myeloma Hematological
(MMCL) Cell Lines (NMMCL)

KMS-12-PE
KMS-12-BM
KMS-18
KMS-20
KMS-21-PE
KMS-21-BM
RPMI8226 ...
Reji  ——

U266

cD31 _ «

Fig 1. Gel images of MP-RT-PCR products for the angiogenic factors listed
in Table 1 in ten MMCLs and seven nMCLs.
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Fig 2. The relative expression levels of the angiogenic factors in MMCLs and nMCLs
demonstrated in Fig 1 were calculated as described in “Materials and Methods”.

that VEGFs may play an important role in tumor progression not only in solid
tumors but also in hematological malignancies, particularly myelomas.

Production and release of VEGF-A

Next, we examined the production and release of VEGF-A from the
MMCLs and nMCLs into culture medium. As shown in Fig 3, the MMCLs
produced and released significantly higher amounts of VEGF-A into the
medium than the nMCLs did.
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Fig 3. Ten MMCLs and five nMCLs were cultured for 48 hours and a cell
count was performed using trypan-blue staining. Then, the cultured
medium was applied to measure VEGF-A using the ELISA method. The
data are shown as VEGF-A concentrations as “pg/10* proliferated cells/
48 hours”.
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Effects of anti-VEGF-A MoAb on the growth of the MMCLs

As shown in Fig 4, three out of the five MMCLs (KMS-21BM, KMS-20 and
KMS-21PE) demonstrated significant growth inhibition when they were cultured
with anti-VEGF-A MoAb, whereas the growth of the other two lines, KMM-1 and
KMS-18, was not altered by anti-VEGF-A MoAb. To explore the differences
between lines in which growth was not altered and those in which it was
inhibited, the relationship between growth rates (percentage of the control) and
the RELs of the VEGFRs was analyzed. Fig 5 shows that a significant inverse
correlation existed between the growth rate and the REL of VEGFR-2/KDR
in the five MMCLs studied. This finding indicates that there may be an
autocrine growth stimulating loop in VEGFR-2 expressing myeloma cells.

KMM-1 KMS-18 KMS-21-BM KMS-20
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Fig 4. Growth inhibitory effect of anti-VEGF-A MoAb in five human myeloma cell lines.
These cells were cultured with O (control), 50, 100 and 200 xg/ml of anti-VEGF-A
MoAb for four days and cell numbers were counted. The results were revealed as the
percentage of the control. KMS-21BM, KMS-20 and KMS-21PE cells showed a
significant reduction in their growth rates as indicated in the figure.
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Fig 5. A significant inverse correlation was observed between the growth rate
of myeloma cells cultured with 200 xg/ml of anti-VEGF-A MoAb and the
relative expression levels of the VEGFR-2/KDR gene in myeloma cells.

Effects of INF-c on the growth and production of VEGF-A in KMS-21BM
cells

IFN-« has been used in maintenance therapy for myeloma.!” In addition,
growth inhibition of myeloma cells induced by IFN-& has been reported to
have been caused by suppression of the interleukin (IL)-6 autocrine loop,
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downregulation of IL-6-R and induction of apoptosis.'® Recently, IFN-a was
found to inhibit angiogenesis in human umbilical vein endothelial cells.!®
Therefore, the production of VEGF-A for KMS-21BM cells, the growth of
which was inhibited by IFN-a, was studied. When the KMS-21BM cells were
cultured with 1,000 U/ml of IFN-«, their growth was reduced significantly, as
shown in Fig 6A, and as reported previously.?® However, the production and
release of VEGF-A (pg/10* proliferated cells/48 hours) into culture medium
was enhanced (Fig 6B).
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Fig 6. The effect of IFN-o on growth and production of VEGF-A in KMS-21BM myeloma
cells. KMS-21BM cells were cultured with or without 1,000 U/ml of 1IFN-a for two
days. Cell numbers were counted by trypan-blue staining and expressed as the percentage
of the control (Panel A). The culture medium was applied for measurement of VEGF-A
by ELISA and was expressed as “pg/10* proliferated cells/48 hours”. (Panel B).

DISCUSSION

Recently, it has been investigated whether neoangiogenesis in bone marrow
is related to tumor progression and a poor prognosis in myeloma patients in a
similar manner to other solid tumors.”~!® In addition, recent targeting in
myeloma therapy has been focusing on the microenvironment and angiogenesis
based on the lack of improvement resulting from usage of multi-drug and/or
high-dose chemotherapeutic agents.?!~22  However, the roles of various
angiogenic factors and their receptors in myeloma cells themselves have not
been studied in detail. Therefore, we axamined the gene expression of these
factors and receptors in myeloma cell lines and studied the effects of
anti-VEGF-A MoAb and IFN-« on myeloma cells.

The VEGF family gene expression was higher in the MMCLs than in the
nMCLs. VEGF-C expression was detected only in the MMCLs. Based on
recent reports indicating an important role for VEGF-C and -D in lymphagenic
metastasis in solid tumors!#?*~2® and higher expression of VEGF-C in the cells
of myeloma, which are tumors of terminally differentiated B-lymphocytes, it is
suggested that these VEGFs may play an important role in the progression of




30 K Yata

myeloma. Regarding the VEGFs, it has been suggested that a paracrine growth
loop exists between bone marrow stromal cells and myeloma cells since IL-6
and VEGF and known as proliferation factors for myeloma cells.?® The higher
production of VEGF-A in the MMCLs than the nMCLs also supports the
conclusion that myeloma cells have cellular characteristics closer to those of
solid tumor cells than other hematological malignant cells, and indicates the
importance of angiogenic factors in myeloma.

It was also demonstrated that an autocrine loop exists between VEGF-A and
VEGFR2. Podar et al recently reported that VEGF triggers tumor cell
proliferation via a protein kinase C (PKC)-independent Raf-1-MEK -extracellular
signal-regulated protein kinase pathway, and migration via a PKC-dependent
pathway.?” Although analyses of the protein expressions of VEGFRs and the
involvement of signaling pathways related to the VEGF-mediated autocrine
loop in myeloma cells are necessary, the inhibition of angiogenic factors and or
their receptors may be a good tool in myeloma therapy.

Finaly, as has been reported previously,'®2® IFN-g inhibited myeloma cell
growth. However, production and release of VEGF-A into culture medium
was enhanced. These results indicate the existence of an independent cellular
mechanism between the IFN-# induced growth inhibition and VEGF-A,
production in myeloma cells. In fact, it has been reported that IFN-«
transcriptionally stimulated VEGF in human fibrosarcoma cell lines?® and that
long-term treatment of Hela cells with IFN-« resulted in upregulation of the
VEGF-A expression.?® Further study is needed to clarify the in vivo effects of
IFN-« on interaction between myeloma and stromal cells.

Recent advances in myeloma therapy, such as the use of thalidomide and
its analogues (immunomodulatory drugs; ImiDs), proteosome inhibitors,
VEGEF inhibitors, and tumor necrosis factor (TNF) inhibitors,3°~3® have shown
a tendency to target the bone marrow microenvironment and angiogenesis
surrounding myeloma cells. The results of this study support the importance of
anti-angiogenic therapy for myeloma. Further studies are necessary to clarify
the molecular mechanisms involved in angiogenic properties and to discover
the molecular targets of angiogenesis in myeloma cells.
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