








(N 	 3), although higher, is not statistically significant. Further-
more, we observed that both IL-17
/IFN-�
 as well as IL-17
/
IFN-�� cell ratios are significantly increased in MM PBMCs

compared with healthy donor PBMCs (data not shown). We have
also confirmed the increased frequency of IL-17–producing cells in
CD4 cells from MM compared with HD by qPCR (Figure 1C).

Increased number of induced-TH17 cells in myeloma

Next, we evaluated the frequency of induced TH17 cells under TH17
polarizing conditions. Cultures in polarizing condition determine
the potential for further increase in TH17 cells. To determine the
frequency of induced TH17 cells, we stimulated naive CD4 cells
with anti-CD3 and anti-CD28 antibodies, in the presence of IL-6,
IL-1, IL-23, and TGF-� for 6 days. Cells were further expanded
with IL-2 for 6 additional days, restimulated with PMA and
Ionomycin, and analyzed by flow cytometry for percentage of cells
expressing intracellular IL-17 in the CD4 population. As seen in
Figure 2, there was significant increase in induced TH17 cells after
culture in polarizing condition from MM compared with healthy
donor PBMCs (11.9% � 2.2% and 3.2% � 0.5%, respectively;
P � .05, N 	 6) and BMMCs (15.8% � 3.4% and 2.9% � 0.7%,
respectively; P � .05, N 	 5). The starting frequency of TH17 cells
in purified naive CD45RA positive cells is very low and similar in
all groups of samples.

Elevated TH17-associated cytokines in myeloma
microenvironment

We next analyzed the pro-inflammatory cytokine network support-
ing the generation of TH17 cells in myeloma. We observed
significantly elevated levels of serum IL-17 in myeloma patients
(N 	 37) compared with healthy donor sera (N 	 26; 39 
 7 vs
20.5 � 3.9, respectively; P � .05) as measured by multiplex
luminex assay (Figure 3A). We also observed significant elevation
of IL-17 in sera from BM from MM compared with healthy donors
(Figure 3B). Furthermore, we evaluated the supernatants from
PBMCs cultured in presence of TH17 polarizing conditions from
myeloma patients and healthy donors (N 	 4) using multiplex
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Figure 2. Increased frequency of induced TH17 cells in myeloma. Purified naive CD4
cells from peripheral blood mononuclear cells (PBMCs) and bone marrow mononuclear
cells (BMMCs) were polarized with TH17 cocktail for 12 days. After restimulation with PMA
and ionomycin, IL-17–expressing cells were measured by intracellular IL-17 staining using
flow cytometry. (A) A representative dot plot analysis shows IL-17– and IFN-�–expressing
cells as percentage of CD4 cells in peripheral blood and BM samples from HD and
myeloma (MM) patients. (B) Composite results presented as mean values with SEM for
IL-17–expressing cells within CD4 population. *P � .05.
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Figure 3. Elevated levels of TH17-related cytokines in myeloma. Sera samples from myeloma patients (MM) and from healthy donors (HD) were analyzed by ELISA for the
presence of IL-17 in (A) peripheral blood, (B) IL-17 in BM, and (D) IL-21, IL-22, and IL-23 in blood and BM by ELISA. (C) PBMCs isolated from myeloma patients (N 	 4) and
healthy donors (N 	 4) were stimulated with anti-CD3 antibody in the presence of IL-6 and TGF-� for 6 days and cell supernatant was evaluated for various cytokines by
multiplex ELISA assay. All the values presented in the bar graphs consist of mean plus or minus SEM. *P � .05.
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ELISA assay (Quansys). As shown in Figure 3C, IL-1�, IL-13,
IL-17, and IL-23 were significantly elevated in supernatants from
PBMCs from myeloma patients compared with healthy donor
samples. In addition, we analyzed the levels of other pro-
inflammatory cytokines that are important in relationship to TH17
cells in sera of myeloma patients. We observed significant elevation
of IL-21, IL-22, and IL-23 in sera from both blood and BM from
MM compared with healthy donors. These results suggest that
TH17-associated pro-inflammatory cytokines may be present in the
myeloma BM microenvironment and may modulate MM cell
growth as well as immune responses.

IL-17 promotes myeloma cell growth both in vitro and in vivo

We next evaluated effect of IL-17 on myeloma cell growth and survival
in vitro. MM cell lines (N 	 7) were incubated in the presence or
absence of IL-17 and cell proliferation was measured by 3H-thymidine
incorporation. As seen in Figure 4A, IL-17 significantly induced
proliferation of all myeloma cell lines tested (30.7% � 2.8%; Figure
4A). In addition, we also observed that in both myeloma cell lines and
primary patient MM cells, IL-17 significantly induced colony size and
number as observed by methoCult colony assay (Figure 4B and C,
respectively). We also observed increased number of MM cells in the
S phase and reduced number of cells in G1 phase (data not shown). As
seen in Figure 4D, we showed the induction of proliferation in

3 myeloma cell lines by IL-17 even in presence of BMSCs, as measured
by 3H-thymidine incorporation (range, 32.6% to 48.6%). We also
observed that IL-17 significantly increased adhesion of myeloma cells to
BMSCs (Figure 4E). We next evaluated whether IL-17 promotes
myeloma cell growth in vivo in a murine xenograft model of MM. We
subcutaneously injected OPM-1 myeloma cells with and without IL-17
pretreatment and evaluated the tumor growth after 3 weeks after MM
cell injection. As seen in Figure 4F, IL-17 pretreatment led to develop-
ment of significantly larger tumors compared with control (P � .05).

Significant expression of IL-17 receptor in myeloma cells

We have observed significant up-regulation of myeloma cell
growth by IL-17, both in vitro and in vivo. Therefore, we further
investigated whether MM cells expressed IL-17R. As seen in
Figure 5A, we observed by Western blot analysis the expression of
IL-17R in all 3 myeloma cell lines tested. We confirmed this
observation in primary myeloma cells by quantitative PCR as
shown in Figure 5B. Three of 4 primary CD138
 myeloma cells
showed significantly higher expression of IL-17R than normal
plasma cells. We have further validated IL-17R expression on
primary MM cells by evaluating the paraffin-embedded bone
marrow biopsy sections from myeloma patients with immune-
histochemistry using anti–IL-17R antibody. As seen in Figure 5C, a
majority of myeloma cells express IL-17R in 7 of 10 patient
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Figure 4. IL-17 promotes myeloma cell growth in vitro and in vivo. (A) Myeloma cell lines (N 	 7) were incubated with or without IL-17 and proliferation was measured by
3H-thymidine incorporation after 3 days. Data are presented as percentage increase in proliferation in presence of IL-17 compared with control and showed as mean plus or
minus SEM. (B) Myeloma cell lines (OPM-1 and U266) were cultured in methocult agar plates in the presence or absence of IL-17. Representative photomicrograph is
presented. Photographs were obtained using a Nikon TE200 microscope (40� objective) with attached camera (Nikon) at room temperature (total magnification 200�) and
analyzed with Metafluor software (Molecular Devices). (C) Primary MM cells (N 	 3) were cultured in methocult agar plates in the presence or absence of IL-17 and number of
colonies was counted in unit area and presented as mean plus or minus SEM. (D) MM cell lines were cultured with or without BMSCs in the presence or absence of IL-17 and
proliferation was increased as measured by 3H-thymidine incorporation after 3 days and presented as percentage of proliferation of control. (E) Serum-starved MM cells were
labeled with calcein, washed, and added to BMSC-coated plates for 4 hours and nonadherent cells were removed by washing. Adhesion was measured by measuring the
absorbance using 492/520 nm filter set with a fluorescence plate reader. Results represent mean plus or minus SEM of 4 independent experiments performed in triplicate. (F)
Myeloma cells suspended in medium with or without IL-17 were injected subcutaneously in SCID mice (3 mice per group), and tumor size was measured after 3 weeks after MM
cell injection. *P � .05.
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samples tested; while 2 patients showed less frequent staining of
plasma cells and 1 sample was negative for IL-17R. This finding is
further confirmed with confocal microscopy using myeloma cell
lines as shown in Figure 5D. We have further evaluated the role of
IL-17R in IL-17-mediated MM cell proliferation using anti–IL-
17R antibody. As seen in Figure 5E, presence of anti–IL-17R
antibody significantly suppresses MM cell proliferation in presence
of IL-17. Similarly, anti–IL-17R antibody was also able to signifi-
cantly block MM cell growth in the presence of BMSCs and IL-17.

Down-regulation of TH1 cell responses by TH17-secreted
cytokines in myeloma

To determine the effect of cytokines produced by TH17 cells (IL-17
and IL-22) on TH1 cells, we incubated PBMCs isolated from
healthy donors under TH1 polarizing conditions for 12 days in the
presence or absence of IL-17 and/or IL-22. Cells were then
restimulated with PMA and ionomycin for 6 hours and intracellular
IFN-� was measured in the CD4 population. Although IL-17 and
IL-22 by themselves had little effect on IFN-�–producing cells
(data not shown), significant inhibition of IFN-�–producing cells
(Figure 6A-B), as well as IFN-� production (Figure 6C), was
observed in the presence of combination of IL-17 and IL-22.
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Figure 5. Significant expression of IL-17 receptor in myeloma cells. (A) Total cell lysates were prepared from MM cells, and separated by electrophoresis on 5% to 20%
polyacrylamide gradient gels. Samples were probed with antisera to IL-17 receptor and GAPDH as indicated. (B) RNA was isolated from purified primary MM cells and qPCR
was performed as described in “Quantitative PCR for IL-17 and IL-17R expression.” Results are presented as relative expression value. *P � .05. (C) Paraffin-embedded
tissue sections from MM patients (N 	 10) were stained using anti–IL-17R antibody as described in “Immunohistochemistry” and evaluated using a Nikon transmitted light
microscope. The majority of the MM cells are positively stained with IL-17R receptor antibody in 7 of 10 patients. Two representative stained sections are shown at 200�
magnification. (D) Myeloma cell lines were stained with isotype control antibody (top panel) or anti–IL-17R antibody (bottom panel) and analyzed by confocal microscopy. One
representative cell line of 4 experiments is shown at 640� magnification. (E) MM cell lines (N 	 3) were cultured alone or cocultured with BMSCs with or without IL-17 in the
presence or absence of anti–IL-17R antibody. Proliferation was measured by 3H-thymidine incorporation after 3 days. Data are presented as percentage proliferation in the
presence of IL-17 or IL-17R antibody compared with control and shown as mean plus or minus SEM. *P � .05.
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Figure 6. Down-regulation of protective TH1 response by TH17-related cytokines.
(A) Healthy donor PBMCs were activated with TH1 polarizing cytokines as described in
“Intracellular IL-17–producing TH17 cell analysis by flow cytometry” in presence or absence
of IL-17 and IL-22 for 12 days. Cells were treated with PMA and ionomycin, stained for
intracellular IFN-�, and evaluated by flow cytometry. IFN-�–producing cell number was
evaluated in CD69
 cell population in CD4 gated cells. A representative dot plot analysis
showing percentage of cells that are positive for intracellular IFN-� within gated CD4
population. (B) Composite results of 9 experiments presented in a bar graph. Results are
mean plus or minus SEM in healthy donors. (C) Healthy donor PBMCs were activated with
TH1 polarizing cytokines in the presence or absence of IL-17 and IL-22 for 6 days, and
supernatants were analyzed for IFN-� by ELISA. *P � .05.
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Discussion

TH17 cells induced by IL-6, IL-1�, IL-21, and IL-23 participate in
protection against fungal and parasitic infections and their levels
are elevated in a number of inflammatory and autoimmune
diseases.39,40 We have shown here that TH17 cells are significantly
elevated in peripheral blood and bone marrow of myeloma patients
compared with healthy donors. Interestingly, interactions between
MM cells and the BM microenvironment lead to production of a
number of cytokines and chemokines35,41 with immuo-modulatory
activity that may skew TH subsets toward TH17 cells. The interplay
of TGF-� and IL-6, which are both expressed at high levels in MM
bone marrow,35,41may affect generation of TH17 cells both directly
and via other pro-inflammatory cytokines and thereby modulate
antitumor immune responses. TH17 cells and the ratios of IL-17
/
IFN-�
 cells were significantly higher in MM than in healthy
donor samples. These results suggest increased frequency of TH17
cells present in the total CD4 cell population consisting of both
naive and memory cell pools. Furthermore, when purified naive
CD4 cells were cultured under TH17 polarizing conditions, TH17
cells were induced in significantly higher numbers in myeloma
compared with healthy donors. These results are consistent with a
recent report showing increased TH17 cells polarized by DCs in
BM compared with peripheral blood in MM patients.42 Increased
frequency of TH17 cells is also observed in tumor microenviron-
ment in a number of human tumors, including ovarian, prostate,
renal, and pancreatic carcinomas.43-44 Some animal studies have
shown that TH17 cells are important in antitumor activity.45

Interestingly, a human study has also shown that IL-17–producing
TH17 cells facilitate antitumor activity via enhancing the presence
of TH1 effectors in the tumor microenvironment of ovarian cancer
patients.46 Elevated levels of TH17 cells and associated cytokines
have also been documented in rheumatoid arthritis, and these
pro-inflammatory cytokines also participate in bone damage ob-
served in this disease. Interestingly, there have been reports of
increased incidence of myeloma in patients with autoimmune
disorders,36 raising question regarding relation between the TH17
cells and pro-inflammatory cytokines and the development of MM
in patients with autoimmune disorders.

We have evaluated the serum levels of TH17-associated cyto-
kines in peripheral blood and the bone marrow of healthy donors
and MM patients. Our results demonstrate that a number of
TH17-associated cytokines, including IL-17, are significantly el-
evated in myeloma compared with healthy donors. Significantly
elevated IL-17 levels have been previously reported in stage II and
III MM.47 Interestingly, reduced levels of serum IL-17 were
reported after bis-phophonate therapy.48 Serum levels of IL-23, a
TH17-associated cytokine, observed to be elevated in MM bone
marrow, is also elevated in colon, ovarian, head/neck, lung,
breast, and stomach cancer as well as melanoma. This has been
associated with reduced CD8 T-cell infiltration into the tumor
micro-environment.49 Consistent with these observations, we re-
port that combination of these TH17-associated pro-inflammatory
cytokines suppresses T-cell responses. In addition, we have shown
that a number of other TH17-associated pro-inflammatory cyto-
kines, including IL-1, IL-13, IL-17, and IL-23, are elevated after
TH17 polarization in myeloma compared with healthy donors. Of
course, these results will now excite us to conduct larger studies to
understand their role in the progression of myeloma and the

relationship between disease stage and response to therapy as well
as survival.

We have further demonstrated by both 3H-thymidine incorpora-
tion and clonogenic assay that IL-17 increases myeloma cell
proliferation. In addition, we have observed that IL-17 promotes
myeloma tumor cell growth in SCID mouse model. We have
further shown, using various techniques, that MM cell lines and
primary cells express IL-17 receptor, providing the biologic
mechanism for IL-17 effects on MM cells. As predicted, blocking
IL-17R by antibody abolishes IL-17 effects on MM cells. This
provides a rationale for IL-17 and IL-17R blockade as a potential
therapy in MM. We are in the process of evaluating IL-17 blockade
experiments in vivo. A recent study50 shows that IL-21, a TH17-
associated pro-inflammatory, is also capable of inducing STAT-3–
mediated myeloma growth-promoting effects in synergism with
IGF-1. The biologic basis for this growth-stimulating effect
remains unclear. However, based on observation in rheumatoid
arthritis, we postulate that IL-17 may induce production of IL-6 in
the bone marrow milieu. It will be important to evaluate the effect
of these cytokines not only on MM cell growth but also on BMSCs,
as well as on production of other growth-promoting cytokines and
chemokines in MM. In addition, we also report that IFN-�–
producing cells are reduced when PBMCs from healthy donors are
polarized in the presence of IL-17 and IL-22, suggesting immune
suppressive activity of these cytokines. Because most TH17 cells
produce IL-17 and IL-22, we believe that the observed immune-
suppression in MM may be partly induced by this pathway.

In conclusion, we observed significantly increased numbers of
TH17 cells in MM along with increased levels of IL-17 and other
pro-inflammatory cytokines supporting MM cell growth as well as
suppressing immune responses. These results suggest TH17 cells
and IL-17 as an important therapeutic target in MM for both
anti-MM responses as well as to improve immune function.
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