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Monophosphoryl Lipid A (MPL) Upregulates Major
Histocompatibility Complex (MHC) Class I Expression by

Increasing Interferon-y (IFN-7)

Chul-Ho Cho', Bong-Kee Lee’, Seung-Min Kwak', and Joo-Deuk Kim’

——— Abstract

Tumor’ immunity is primarily mediated by cells as CD8" cytotoxic T lymphocytes (CTL) recognize tumor antigen by
MHOC class I molecules. But most tumors are associated with a decreased expression of MHC class I to escape the antitumor
immunity of the host. Our previous data have demonstrated that MPL has an antitumor effect on metastatic lung cancer
‘of B16 melanoma with enhancing cytotoxicity due to increase of IFN-y and IL-2, and decrease of IL-4, which indicates
the stimulation of type 1 helper T cells (Thl). To determine the effects of MPL, IFN-7y , TNF-«, and IL-1@ on MHC
class I expression of B16 melanoma cells, we evaluated the expression of MHC class I molecules with treatments of MPL,
IFN-7, TNF-a, and IL-1 ¢ by flow cytometry. The supernatant of MPL-treated spleen cells in vitro upregulated the
expression of MHC class I molecules of B16 melanoma cells compared to the control supernatant of spleen cells. The
MHC class I expression of B16 melanoma cells treated with IFNz- 7, but not TNF-@ or IL-1 @, increased in a time-
dependent manner. In conclusion, MPL upregulated MHC class I expression of B16 melanoma cells by activating spleen
cells via IFN-y. These data suggest that increased IFN-7 by MPL is responsible for the upregulation of MHC class I
expression to augment cytotoxicity. Therefore, we suggest that MPL could play an important role in immunotherapy.
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INTRODUCTION

Major histocompatibility complex (MHC) molecules
are essential for cell-mediated immune function.'
CD8™ cytotoxic T lymphocytes (CTL) are effector
cells that recognize tumor antigens, which are in-
tracellularly processed into small peptides and pre-
sented with MHC class I molecules on the cell
surface. Also, cD4" T helper (Th) cells, collabo-
rating with macrophages and other cells, play an
important role by amplifying CTL responses.””
Released tumor antigen from tumor cells, which was
taken up and processed into peptides by antigen-
presenting cells (APC), then displayed on MHC class
II molecules, can be recognized by CD4" T cells.
Peptides generated from viral or mutated cellular
proteins, but not normal cellular proteins by them-
selves, can trigger a T-cell response.4

The downregulation of human leukocyte antigen
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(HLA) class I expression is a widespread phenomenon
in tumor biology’’ and probably reflects selected
tumor escape mechanisms owing to the role of HLA
molecules in presenting immunogenic peptides to T
cells.®

MPL has an antitumor effects with increased
cytotoxicity due to increase of IFN-7y and IL-2 in our
previous study.” In this study, we evaluated the
expression of MHC class I molecules of B16 mel-
anoma cells treated with MPL to determine whether
antitumor effects of MPL is due to the upregulation
of MHC class I expression of B16 melanoma cells.
The effect of IFN-y on MHC class I expression of
B16 melanoma cells was studied. Furthermore, to
observe the effects of TNF- ¢ and IL-1¢@, which can
be induced by MPL as a derivative of bacterial
lipopolysaccharide (LPS), MHC class I expression of
B16 melanoma cells with the treatments of TNF- @
or IL-1@ were examined. We found that the ex-
pression of MHC class I was increased by the
supernatant of MPL-treated spleen cells and also that
the treatment of B16 melanoma cells with IFN-7y
upregulated MHC class I expression in a time-
dependent manner.
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MATERIALS AND METHODS
Cell lines and chemicals

B16 melanoma cells, a highly-malignarit melanoma
cell line, were derived from a spontaneous tumor
occurring in a C57BL/6 mouse (H-2b). The cells were
developed by I. Fidler (M. D. Anderson, Houston,
Texas, USA), and maintained in a 5% CO; incubator
at 37°C in Dulbecco's modified Eagle's medium
(DMEM) containing 10% fetal bovine serum (FBS)
(GibcoBRL, Grand Island, N.Y., USA) and antibiotics
(100 U/ml penicillin and 100 pg/ml streptomycin)
(GibcoBRL, Grand Island, N.Y., USA).

MPL was purchased from Ribi Immuno Chem
Research Inc. (San Francisco, CA, USA) and diluted
in 2 0.15% NaCl solution, and stored at —4°C.

Preparation of single cell suspension of splenocytes

The spleen was isolated from a C57BL/6 mouse
and lymphocytes were collected after compressing the
spleen with sterile slide glasses, following the lysis of
red blood cells with hypotonic solution. Spleen cells
2x 106/ml) were plated in a 25 cm’ culture flask and
incubated in the presence or absence of 10 pg/ml
MPL in 10% FBS-containing DMEM for 24—48 h
in a 5% CO, incubator at 37°C. Supernatants were
collected and added to B16 melanoma cells.

Treatment of B16 melanoma cells with cytokines

B16 melanoma cells were treated with different
doses of IFN-y (50—800 U/ml) (PharMingen, San
Diego, CA, ‘USA) for 24—48 h. To evaluate the
effect of other cytokines, TNF-g (50 U/ml) (Phar-
Mingen, San Diego, CA, USA), or IL-1a (50 U/ml)
(PharMingen, San Diego, CA, USA) were added to
B16 melanoma cells for 24 h. Also anti-IFN-7y
antibody (5—0.2 pg/ml) (PharMingen, San Diego,
CA, USA) was added to B16 melanoma cells in the
presence of IFN-7 to abrogate the effect of IFN-y
on MHC class I molecules.

Immunofluorescent analysis

The expression of MHC class I molecules was
determined by flow cytometry (FACStar, Becton
Dickinson, Lincoln Park, N.J., USA). Cultured B16
melanoma cells (2 X 10° cells/ml) in a 25 cm’ culture
flask were incubated with 1 ml of spleen-cell
supernatant, which was cultured in the presence or
absence of MPL.

Cells were harvested with phosphate-buffered saline
with ethylenediamine-tetraacetic acid (PBS/EDTA)
and incubated for 45 min at 4°C with either mouse
monoclonal antibody to MHC H-2K class I (Bio-
design, Kennebunk, ME, USA) or control IgG (Bio-
design, Kennebunk, ME, USA). Cells were washed
twice with washing buffer (PBS with 1% FBS and
0.01% sodium azide), and incubated for an additional
45 min at 4°C with diluted FITC conjugated mono-
clonal goat anti-mouse Ig (Biodesign, Kennebunk,
ME, USA). The cells were washed twice with washing
buffer and analyzed by flow cytometry, using flu-
orescence-activated cell sorter (FACS) (FACStar, Bec-
ton Dickinson, Lincoln Park, N.J., USA)

RESULTS

The effect of MPL on MHC class I expression

Our preliminary study showed no increase of MHC
class I expression of B16 melanoma cells with the
treatment of MPL, which sugeest that MPL has no

_ direct effect on MHC class I expression. To reveal the

mechanism of increased cytotoxicity of spleen cells,
we evaluated the MHC class I molecules of B16
melanoma cells in the presence of supernatant of

'splenocytes pretreated with MPL for 12—24 h.

The control supernatant of spleen cells in the
absence of MPL did not increase the expression of
MHC class I molecules of B16 melanoma cells (Fig.
1, A, B and C), but the supernatant of MPL-pretreated
spleen cells upregulated the MHC class I expression
in a time-dependent manner (Fig. 1, D and E). This
suggested that the MHC class I expression of B16
melanoma cells is upregulated by the cytokines of
MPL-pretreated spleen cells.

The effects of IFN-7 and other cytokines (INF- a
and IL-I@) on MHC class I expression

Since MPL increased IFN-7 in our previous study
and also upregulated the expression of MHC class I
molecules of B16 melanoma cells in this study, in
order to see the direct correlation between IFN-7y
and MHC class I expression, B16 melanoma cells
were incubated with recombinant IFN-7y. IFN-7
increased the expression of MHC class I molecules of
B16 melanoma cells compared to the control (per- .

" centage of MHC class I positive cells: 89.8% vs 19.3%,

respectively) (Fig. 2, A and B).
In a sepsis model, injection of LPS increased TNF- o
and consequently IL-I12."" Therefore, we treated B16
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Fig. 1. The effact of MPL on MHC class 1
expression of B1G melanoma cells in vitro.
Tumor cells were treated with supernatants of
spleen cells in the presence or absence of MPL
(10 ugiml) for 12-24 b. MHC class H-2K

class 1 was measured by flow cyrometry.

Fig. 2. The effect of IFN- y, TNF- @, and
IL-1 @ on MHC class 1 expression. Tumor
cells were treated with IFN- ¥ (50 Ulml),
TNF- @ (50 U/ml), and IL-1 & (50 U/ml)
for 24 b, MHC class H-2K class 1 was
measured by flow cytometry.

lipopolysaccharide (LPS)," and TNF-¢ is a co-factor
for the induction of IFN-y by MPL."” In contrast to
IFN- 7, the MHC class I expression of B16 melanoma

melanoma cells with TNE- @ or IL-I @ to observe the
effect of these cytokines on MHC class I expression,
since MPL is a detoxified derivative of bacterial
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Fig. 3. Time dependent effect of IFN- ¥ on
4 4 MHC class I expression. Tumor cells were
treated with IFN- y (50 U/ml) for 4-24 b.
04 0+ MHC class H-2K class I was measured by
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cells treated with TNF- ¢ or IL-I @ did not increase
(Fig. 2, C and D). These results suggested that IFN-
v upregulated MHC class I expression whereas both
“FNF- ¢ and IL-I@ did not.

To observe the effect of IFN- 7y on the expression
of MHC class I molecules according to incubation
time, we added IFN-7 to B16 melanoma cells for
different periods (0—24 h). MHC class I expression
of IFN- 7-treated B16 melanoma cells increased in a
time-dependent manner (percentage of MHC class I
positive cells in a 4, 8, and 24 h incubation time;
12.3, 55.4, and 96.7%, respectively) (Fig. 3, B, C and
D) compared to the control (percentage of MHC class
I positive cells of control; 6%) (Fig. 3A).

MHOC class I expressions with high doses of IFN- y
(100 — 800 U/ml IFN- 7) showed similar increases of
MHC class I expressions (All above 96%) (data not
shown). Also the addition of anti-IFN- ¥ antibody to
abrogate the function of IFN-y on MHC class I
expression showed a partial decrease of MHC class I
expression compared to IFN-7 (data not shown).

DISCUSSION

CTL and helper T (Th) cells are effector cells that
kill tumor cells. CD8™ T cells, which recognize MHC
class I molecules, can destroy tumor cells directly,
while CD4™ T cells, which recognize MHC class 1I

molecules, produce cytokines that amplify CTL re-
sponses and activate macrophages or antigen pres-
enting cells (APC). However, the alteration of human
MHC (HLA) can occur during tumorigenesis, invasion
and metastasis, which are often characterized by the
accumulation of multiple genetic events to escape the
immune mechanisms. Therefore, to develop an effec-
tive anti-tumor effect by CTL, enhancement of MHC
class I expression can be a possible strategy to over-
come the tumor escape mechanism."

The loss of an MHC antigen associated with H-2K

_in a mouse lymphoma was first described in 1976.

Tumors frequently exhibit a loss of HLA class I
expression when derived from HLA™ mucosa, but
may also upregulate HLA expression when derived
from HLA or weakly-expressing tissues.”"® These
changes may directly influence an immuno-sur-
veillance mechanism, as MHC molecules play a
central role in presenting potentially immunogenic
peptides to T cells.

There have been reported that MHC alterations of
class I expression are correlated with tumor inva-
siveness, differentiation and metastatic potential. The
decreased expression of HLA class I antigen ex-
pression is correlated with poor tumor differentiation
in breast, lung and larynx cell carcinomas,'”° which
indicates that the loss of MHC class I antigen shows
poor survival. Furthermore, melanomas with a loss of
HLA class I expression are more invasive with a
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greater metastatic ca.pacit:y.21

It has been known that an increased expression of
MHC class I proteins on tumor cells enhances their
ability to be lysed by tumor-specific cytotoxic T
lymphocytes in vitro. Studies showed that enhancing
expression of MHC class I by IFN- 722 increases
CTL activity against cancer cells.” Also increased
MHC class I expression by gene transfection resulted
in decreased tumorigenic capacity and/or metastatic
capacity of murine tumor models.”>?*

It has already been shown in our previous study
that MPL, a derivative of lipopolysaccharide (LPS)
from Salmonella typhi, increased the cytotoxicity of
spleen cells and peritoneal macrophages with an
accompanying increase of IFN-7 and IL-2 and a
decrease of IL-4, which indicated that the stimulation
of the type 1 helper T cells (Thl) had an antitumor
effect.’ In only regarding to IFN-7 level of our
previous study, IFN- 7 production of spleen cells with
the treatment of MPL (346.66+110.04 ng/ml) was
more than 10 folds higher than that of control (29.60
+24.11 ng/ml). Therefore, we evaluated whether
MPL regulates MHC class I expression of tumor cells,
and also whether increased IFN- 7 is responsible for
the upregulation of MHC class I expression. We have
used both the MHC class I expressions of control and
treated group of each experiment, since MHC class
I expressions of each experiment were different. In
this study, we found that MPL increased MHC class
I expression by inducing cytokines from spleen cells,
and also that recombinant IFN- 7 upregulated MHC
class I expression. But there was a little difference of
MHC class I expressions between the treatment of
supernatant of MPL-pretreated spleen cells (Fig. 1)
and direct addition of IFN-y (Fig. 3) on B16
melanoma cells according to incubation time, which
might be due to different productions of IFN-7 in
both group or other cytokines by MPL pre-treated
spleen cells, that could modulate the expression of
MHC class 1. All of these results suggest that IFN- 7,
which is induced from host immune cells by MPL,
upregulates the MHC class I expression of B16
melanoma tumor cells, resulting in increased lysis of
tumor cells by CTL.

MPL is a derivative of lipopolysaccharide, induces
TNF- @ and IL-I@ in a sepsis model. Thus we used
recombinant TNF- ¢ and IL-I@ to observe the effect
on MHC class I expression. However the effect of
TNF- @ or IL-I@ on MHC class I expression was not
significant, which results suggested that only IFN-7y
may be the main cytokine to increase the expression
of MHC class I molecules.

MPL increased IFN-y and IL-2 (cytokines of
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Thl-type CD4" T cells), and decreased IL-4 (cyto-
kine of Th2-type CD4" T cell), which suggests that
MPL stimulates Th1 cells by inhibiting of Th2 cells.
These findings are consistent with others showed that
MPL stimulates CTL and Thl cytokines (IFN- 7) in
aged mice.”’

Most spontaneous tumors appear to be non-im-
munogenic, which suggests that immunomodulators
or immunization to increase the tumor antigenicities
by inducing MHC class I or II molecules could
provide an attractive approach to cancer therapy.
Therefore, MPL could be considered as an useful
immunotherapeutic agent for the treatment of cancer
by upregulation of MHC class I expression.
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