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Abstract
The enzyme indoleamine 2, 3-dioxygenase (IDO) catalyzes degradation of tryptophan, an essential
amino acid required for lymphocyte activation and proliferation. Many tumors express IDO which
implied that it acts as a mechanism to evade T cell-mediated immune attack, and also to establish an
immunosuppressive tumor microenvironment. The purpose of this study was to determine whether
primary and metastatic uveal melanoma expressed the IDO gene and whether uveal melanoma cells
could deplete tryptophan. In situ expression of IDO in primary uveal melanoma from tumor bearing
eyes and metastatic uveal melanoma liver tissues was determined by immunohistostaining with IDO-
specific antibody. Reverse transcription PCR was used to assess IDO gene transcription by primary
and metastatic uveal melanoma cell lines. IDO protein expression was determined by Western blot
of uveal melanoma cell protein lysate. IDO catalytic activity was assessed by measuring the presence
of kynurenine, a product generated by tryptophan degradation, in uveal melanoma culture
supernatants.

Primary uveal melanoma from tumor-bearing eyes and metastatic uveal melanoma from the liver did
not express IDO in situ. IDO was not constitutively expressed in either primary or metastatic uveal
melanoma cell lines. However, stimulation of primary and metastatic uveal melanoma cell cultures
with interferon-gamma (IFN-γ) universally upregulated both IDO gene and protein expression.
Culture supernatants from IFN-γ treated primary and metastatic uveal melanoma cell cultures
contained elevated levels of kynurenine. Addition of the IDO inhibitor 1-methyl DL-tryptophan
significantly diminished kynurenine levels in IFN-γ treated uveal melanoma cell cultures. The results
from this study suggest that IFN-γ inducible IDO upregulation by primary and metastatic uveal
melanoma may generate a local immune privileged microenvironment to promote escape from T
cell-mediated immune surveillance.
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1. INTRODUCTION
The enzyme indoleamine 2, 3-dioxygenase (IDO) provides the initial rate-limiting step for
tryptophan catabolism in the kynurenine pathway. T cells require tryptophan for clonal
expansion and proliferation, therefore, tryptophan depletion by IDO curtails T cell-mediated
immune responses (Munn et al., 1999; Terness et al., 2002; Frumento et al., 2002; Mellor et
al., 2002). Upregulation of IDO expression is mediated by proinflammatory signals provided
by microbial endotoxin and by the cytokine interferon gamma (IFN-γ) (Takikawa et al.,
1991). Immunoregulation and immunosuppression provided by IDO plays a role in: 1)
controlling microbial infections (Daubener et al., 1999), 2) prolonging survival of transplanted
allografts (Hainz et al., 2007), 3) mitigating autoimmune inflammation (Alexander et al.,
2002; Hayashi et al., 2004; Platten et al., 2005), and 4) supporting an immune privileged
environment at the maternal/fetal interface during pregnancy (Munn et al., 1998). Fetal
trophoblast cells and antigen presenting cells (macrophages and dendritic cells) produce IDO,
which prevents maternal T cells from rejecting the allogeneic fetus (Baban et al., 2004; Honig
et al., 2004; Munn et al., 1999). Administration of a pharmacologic inhibitor of IDO, 1-methyl
DL-tryptophan (1-MT), results in T cell-mediated rejection of allogeneic murine concepti
(Munn et al., 1998). Interestingly, the eye and the fetus employ similar strategies to support
immune privilege and avoid immune-mediated injury. These include: 1) absence of MHC Class
Ia expression and compensatory expression of class Ib molecules, 2) expression of cell
membrane-bound molecules that protect the eye and fetus from immune-mediated injury
including TRAIL, FasL, and complement regulatory proteins, and 3) immune deviation
induced by overexpression of TGF-β in the fetus and in the anterior chamber (Niederkorn,
2006). Therefore, expression of IDO by ocular cells may play a role in maintaining ocular
immune privilege.

Early studies determined that IDO expression in the eye was localized the retina, iris/ciliary
body, lens, and cornea (Malina and Martin, 1993) and played two important roles in protecting
the eye against ultraviolet light-mediated damage. First, IDO functioned as an antioxidant
enzyme that limited intracellular reactive oxygen species formation (Malina and Martin,
1996; Bodaghi et al., 1999), and second, IDO was responsible for producing tryptophan-based
UV filters that protected the cornea, lens, and retina from UV-induced photo-oxidative damage
(Takikawa et al., 1999). It was hypothesized that IDO expression by corneal endothelial cells
would extend survival of corneal allografts by inhibiting T cell mediated rejection. However,
IDO upregulation by IFN-γ stimulated corneal endothelial cells was insufficient to inhibit T
cell proliferation and failed to prolong corneal graft survival. Interestingly, IDO transfected
corneal endothelial cells overexpressing IDO suppressed T cell proliferation and significantly
extended the survival of allografts, suggesting that IDO expression by ocular tissues may
function as a novel mechanism that blunts T cell immune responses in the eye. (Beutelspacher
et al., 2006).

Tumor expression of IDO may contribute to tumor escape from immune-mediated rejection.
IDO expression by immunogenic murine tumors inhibited tumor rejection by preventing the
establishment of tumor-specific T cell expansion and differentiation (Uyttenhove et al.,
2003). Tumor rejection was partially restored when mice were treated with the IDO inhibitor
1-methyl DL-tryptophan. Moreover, IDO expression has been implicated in contributing to
tumor evasion of T cell-mediated immune surveillance in a number of human tumors including
lung (Astigiano et al., 2005), colon (Brandacher et al., 2006), liver (Ishio et al., 2004), breast,
(Basu et al., 2006), and endometrial (Ino et al., 2006) carcinomas, and skin melanoma (Weinlich
et al., 2007). Unlike skin melanoma cells, which are excellent in eliciting allogeneic T cell
responses (Haanen, J.B., 2006), uveal melanoma cells, both primary and metastatic, are poor
stimulators of allogeneic lymphocyte proliferation (Verbik et al., 1997), suggesting that uveal
melanoma cells generate a local microenvironment that cannot support expansion of tumor-
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specific T cells. Therefore, IDO expression by uveal melanoma may profoundly affect T cell
and IFN-γ based immunotherapeutic strategies. We hypothesize that IDO is upregulated by
uveal melanoma which provides an immune escape mechanism for evading immune
surveillance. The present study investigated whether primary and metastatic uveal melanoma
expressed IDO, and whether IDO expression is upregulated by IFN-γ.

2. MATERIALS AND METHODS
2.1 Human Uveal Melanoma Cell Lines

Six primary uveal melanoma cell lines designated OCM 1, OCM 3, Mel 202, Mel 270, Mel
290, and OM 431, and two cell lines isolated from metastatic lesions designated OMM 2.3,
and OMM 2.6 were used. OCM 1 and OCM 3 were kindly provided by June Kan-Mitchell
(University of California, San Diego, CA). Mel 202, Mel 270, Mel 290, OMM 2.3, and OMM
2.6 were kindly provided by Bruce Ksander (Schepens Eye Research Institute, Boston, MA).
Primary uveal melanoma cell line OM 431 was graciously given by Daniel Albert (University
of Wisconsin, Madison, WI). All cell lines were maintained in complete RPMI (BioWhittaker,
Walkersville, MD), containing 10% fetal bovine serum (Hyclone, Logan, UT). The
establishment of the human uveal melanoma cell lines, and all research performed in this study
adhered to the tenets of the Declaration of Helsinki.

2.2 Cytokines, Reagents, and Antibodies
Human recombinant interferon-γ (IFN-γ), 1-methyl DL-tryptophan, and rabbit IgG were
purchased from Sigma-Aldrich, Inc. (St. Louis, MO). Rabbit anti-indoleamine 2, 3 dioxygenase
(IDO) polyclonal antibody (AB5968) was purchased from Chemicon International Inc.
(Temecula, CA). Mouse anti-Human IDO monoclonal antibody (05–840) was purchased from
Upstate USA Inc. (Charlottesville, VA).

2.3 Immunohistochemistry on Primary and Metastatic Uveal Melanoma Samples
Cytoplasmic expression of IDO in six primary and one metastatic uveal melanoma tissue
samples was determined by immunohistostaining with rabbit anti-human IDO polyclonal
antibody. Tumor-bearing eyes from uveal primary melanoma patients and liver biopsies from
metastatic uveal melanoma patients were embedded in paraffin and cut into 4μm sections.
Tissue sections were incubated with 5μg anti-IDO (Chemicon) or 5μg mouse IgG1 isotype
control using the Vectastain Elite ABC system (Vector Laboratories, Burlingame, CA), and
counterstained with methyl green. Positive IDO staining of the retina served as an internal
positive control.

2.4 Isolation of RNA
Total RNA was isolated from primary and metastatic uveal melanoma cells using the
RNAqueous RNA extraction kit (Ambion, Austin, TX). Briefly, uveal melanoma cells were
trypsinized and washed 3x with PBS. Lysates containing guanidinium isothiocyanate were
prepared from the cells, and RNA collected on cellulose filters. RNA was washed and eluted
from the filters with 60μl sodium citrate. To eliminate possible DNA contamination, RNA
solutions were mixed with 30μl 2.5M LiCr, incubated 1 hour at −20°C, and centrifuged at
15,000 x g for 30 min. at 4°C. RNA pellets were washed 1x with ice-cold 95% ethanol and
dissolved with 20μl 1mM sodium citrate. Total RNA was analyzed for concentration and purity
by spectrophotometry at A260 and A280 using a DTX 880 multiplate spectrophotometer
(Beckman Coulter, Fullerton, CA).
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2.5 Reverse Transcription PCR
Total cellular RNA was prepared from lysed tumor cells using a RNAqueous RNA isolation
kit (Ambion, Austin, TX). Complimentary DNA was generated using an iScript cDNA
Synthesis Kit (Bio-Rad, Hercules, CA). Reverse transcription was performed at 42ºC for 30
min, followed by inactivation of the reverse transcriptase at 85ºC for 5 min. using a MJ Systems
PTC-200 thermocycler (Bio-Rad). Each PCR reaction contained a 1μl sample of cDNA
supplemented with 10μl of 10x PCR buffer containing MgCl2, 84.5μl of nuclease-free H2O,
and 0.5μl of 5 U/ml Taq polymerase (Roche Diagnostics, Indianapolis, IN). Intron-spanning
IDO-specific primers were added to the cDNA samples at a concentration of 20pM, making
the total volume of each PCR reaction 100μl. Amplification was performed using a MJ Systems
PTC-200 thermocycler for 35 cycles (1 min. at 95ºC, 1 min. at 59.5ºC, and 1 min. at 72ºC)
with a final extension step at 72°C for 5 minutes. Oligonucleotide primers specific for human
IDO were synthesized according to the previously reported sequences (Sedlmayr et al.,
2002). The primer sequences used in our studies were: (sense) 5′ GCA AAT GCA AGA ACG
GGA CAC T 3′, and (anti-sense) 5′ TCA GGG AGA CCA GAG CTT TCA CAC 3′. PCR of
uveal melanoma cDNA with GAPDH (glyceraldehyde 3-phosphate dehydrogenase) primers
(sense) 5′ ACC ACA GTC CAT GCC ATC AC 3′, (anti-sense) 5′ TCC ACC ACC CTG TTC
CTG TA 3′ was performed using identical PCR conditions and served as an internal control.
PCR amplification products were separated by electrophoresis using 3% agarose gels (Bio-
Rad) prestained with 1x GelStar nucleic acid stain (Cambrex Bioscience Rockland Inc.,
Rockland, ME). PCR samples (5μl), were added to each lane and run in an electrophoresis
apparatus at 80V for 90 min (BioRad). PCR products were identified by analysis using a
Typhoon 9410 imager (GE Healthcare, Piscataway, NJ).

2.6 Western Blot Analysis
Uveal melanoma protein lysates were prepared using a 1X RIPA buffer (Upstate) supplemented
with 1mM PMSF (phenylmethylsulfonyl fluoride, Sigma), 5μl/ml aprotonin (Sigma), 5μl/ml
leupeptin (Sigma) and 5μl/ml pepstatin (Sigma) protease inhibitors. Protein concentration was
determined by a DC Protein Assay Kit (BioRad). Ten micrograms of protein from each sample
were loaded in wells of commercially prepared 10% Ready Gel precast SDS-PAGE gels (Bio-
Rad) and electrophoresed for 35 min. at 200V. Kaleidoscope protein standards (216kDa –
7.6kDa, Bio-Rad) were separated in parallel to identify protein size. Separated proteins were
transferred to PVDF membranes (Bio-Rad) by wet electophoretic transfer for 1 hour at 70V.
Membranes were washed 2x with PBS containing 0.1% Tween-20 (PBST) and then incubated
with 5% blocking buffer for 1 hour. PVDF membranes were incubated with either mouse anti-
IDO antibody (Upstate) or mouse anti-α-actin antibody (Chemicon) for a minimum of 1 hour,
then washed 3x with PBST. Protein detection was achieved using an Amplified Opti-4CN kit
(Bio-Rad). Briefly, PVDF membranes were incubated in 5% blocking buffer containing a
1:3000 dilution of goat anti-mouse-HRP (Bio-Rad) antibody for 1 hour, washed 3x with PBST,
then incubated with an amplification solution for 10 minutes. Membranes were washed 3x with
10% DMSO-PBST wash buffer, 3x with PBST, then incubated with a 1:2500 dilution of
streptavidin-HRP (Bio-Rad) antibody for 30 minutes. Membranes were washed 4x with PBST,
and protein bands were visualized by incubating membranes in substrate solution for 30 min.,
followed by 2x wash with distilled water. Membranes were allowed to air dry, and protein
bands were documented by digital scanning.

2.7 Treatment of Uveal Melanoma with 1-methyl DL-tryptophan (1-MT)
Uveal melanoma cells (5×105/well) were cultured in 6-well plates for 72 hours in 5ml complete
RPMI 1640 supplemented with 10% FBS in the presence or absence of IFN-γ (100U/ml). To
block IDO function, the IDO inhibitor, 1-methyl-DL-tryptophan (5 mM; Sigma), was added
to the uveal melanoma cells cultured in complete RPMI 1640 containing 2.5μM tryptophan
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and supplemented with 10% FBS in the presence or absence of IFN-γ (100U/ml). Culture
supernatants were collected, centrifuged (1200 rpm/5 min.), and transferred to fresh 15ml
tubes. All supernatants were stored at −20°C until use.

2.8 IDO Enzymatic Assay
IDO activity by uveal melanoma was assessed by colorimetric detection of kynurenine in uveal
melanoma culture supernatants using a modified assay by Kudo and Boyd. (2000). Briefly,
5×105 uveal melanoma cells were cultured in duplicate 6-well plates containing either 5ml of
10% complete RPMI 1640 medium containing 2.5μM tryptophan or in 5ml of 10% complete
RPMI 1640 medium containing 2.5μM tryptophan and 100U/ml IFN-γ. Culture supernatants
were collected 72 hours later, and an equal volume of 0.2% TCA (Sigma) was added to
precipitate proteins. Supernatants were centrifuged at 15,000 x g for 10 min. and transferred
to new 1.5ml tubes. Supernatants were mixed in 1:1 vol/vol with a 1.2% p-
dimethylaminobenzaldehyde (Sigma)/acetic acid solution in 96-well plates and incubated at
ambient temperature for 10 minutes. Kynurenine was detected by colorimetric analysis using
a spectrophotometer at a wavelength of A490 (Beckman Coulter). Kynurenine concentration
in uveal melanoma culture supernatants were determined by standard regression analysis
derived from colorimetric analysis of kynurenine (Sigma) concentration standards (500μM -
0μM).

3. RESULTS
3.1 Indoleamine 2, 3 deoxygenase gene transcription by primary and metastatic uveal
melanoma cells

We used reverse transcription PCR to examine whether primary and/or metastatic uveal
melanoma expressed the IDO gene. Total RNA from primary and metastatic uveal melanoma
cells was isolated and purified by LiCr precipitation. Total RNA was reverse transcribed to
cDNA and assessed for IDO expression by PCR amplification using IDO-specific primers.
IDO gene expression was confirmed with our positive control (HeLa + IFN-γ), which produced
a predicted PCR product band of 460bp. (Figure 1). Jurkat cells, which do not express IDO,
served as a negative control. Our results demonstrated that all primary uveal melanoma cells
tested did not constitutively transcribe the IDO gene. Similarly, all metastatic uveal melanoma
cell lines did not express IDO. By contrast, primary or metastatic uveal melanoma cells cultured
in the presence of 100U/ml IFN-γ upregulated IDO gene expression in all but one primary cell
line (Mel 202). Together, our data indicated that the IDO gene was not constitutively expressed
in all primary and metastatic uveal melanoma cell lines, but could potentially express IDO
upon in vitro stimulation with IFN-γ.

3.2 Indoleamine 2, 3 deoxygenase protein expression by primary and metastatic uveal
melanoma cells

To determine whether IFN-γ treated primary and metastatic uveal melanoma cells expressed
the IDO enzyme, we performed Western blot analysis on protein lysates from primary and
metastatic uveal melanoma cells. Protein lysates were generated from primary and metastatic
uveal melanoma cell lines cultured in the presence or absence of IFN-γ. Proteins were separated
by electrophoresis on SDS-PAGE gels, transferred to PVDF membranes, and probed with
either anti-IDO antibody or anti α-actin which served as a protein loading control. As expected,
primary and metastatic uveal melanoma cells did not constitutively express IDO protein,
whereas all IFN-γ treated primary and metastatic uveal melanoma cells upregulated IDO
protein expression. Alpha actin expression was similar in all protein lysate samples
demonstrating that an equal amount of protein was loaded for each protein lysate sample.
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3.3 Indoleamine 2, 3 deoxygenase expression in primary uveal melanoma and metastatic
uveal melanoma tissue samples

The results, showing that primary and metastatic uveal melanoma cell lines do not
constitutively express IDO, do not necessarily mean that primary and metastatic uveal
melanoma do not express IDO in situ. Therefore, we investigated IDO expression in primary
uveal melanoma in tumor-bearing eyes and in metastatic uveal melanoma from the liver by
IDO specific immunohistostaining of paraffin embedded tissues from six primary uveal
melanoma samples and one metastatic uveal melanoma sample. None of the primary uveal
melanomas in tumor-bearing eyes expressed IDO. A representative primary uveal melanoma
sample is shown in Figure 3. Similarly, metastatic uveal melanoma in the liver tissues did not
express IDO in situ. By contrast, all of the cellular components of the retina, including the
ganglion cell layer, photoreceptors, and retinal pigment epithelium served as an internal
positive control for IDO expression.

3.4 Indoleamine 2, 3 deoxygenase produced by primary and metastatic uveal melanoma cells
catabolize tryptophan

IDO expression in cells facilitates tryptophan degradation to kynurenine. We tested whether
IDO expressed by uveal melanoma cells was enzymatically active by detection of kynurenine
in primary and metastatic uveal melanoma culture supernatants. Primary and metastatic uveal
melanoma cells were cultured in medium containing 2.5 μM tryptophan for 72 hours in the
presence or absence of IFN-γ. Culture supernatants were assessed for kynurenine by a modified
procedure of Kudo and Boyd (2000). Culture supernatants from primary and metastatic uveal
melanoma cells cultured in the absence of IFN-γ do not contain kynurenine (Figure 4). By
contrast, kynurenine was detected in culture supernatants of primary and metastatic uveal
melanoma cell lines cultured with IFN-γ. Addition of the IDO inhibitor 1-MT to primary and
metastatic uveal melanoma cell cultures blocks IDO catabolism of tryptophan to kynurenine.
Culture supernatants from primary and metastatic uveal melanoma cells incubated in the
presence of IFN-γ and 1-MT universally demonstrated reduced kynurenine concentrations
(Figure 5). By contrast, culture supernatants of primary and metastatic uveal melanoma cell
lines cultured in IFN-γ-free medium and 1-MT did not contain kynurenine (data not shown).

DISCUSSION
Uveal melanoma have the capacity to produce and express the same factors the eye employs
to maintain immune privilege, which may explain why it is difficult to develop successful
immunotherapy against this tumor. Some of these factors include complement regulatory
proteins that could protect tumor cells from lysis by complement fixing antibodies (Goslings
et al., 1996), the secretion of transforming growth factor-β (TGF-β) (Jampel et al., 1990;
Cousins et al., 1991) and tumor production macrophage migration inhibitory factor (MIF)
(Clemente et al., 1996; Apte et al., 1997; Apte and Niederkorn, 1996; Apte et al., 1998), which
can inhibit natural killer (NK) cell-mediated cytolysis (Apte and Niederkorn, 1996; Apte et al.,
1998; Rook et al., 1986). Expression of IDO by ocular tissues is one of many mechanisms the
eye employs to maintain its immune privileged status. Therefore, we investigated whether
primary and metastatic uveal melanoma cells utilized IDO expression in their development
from primary to metastatic disease to escape immune-mediated rejection. Interestingly, we did
not detect IDO expression in primary uveal melanoma tissue samples, or in primary melanoma
cell lines. Since the ocular environment employs multiple immunosuppressive mechanisms,
including IDO expression by ocular tissues, it is conceivable that primary uveal melanomas
residing in an immune privileged environment would not be required to express IDO in situ.
In addition, we also did not detect IDO expression in metastatic uveal melanoma tissues, or in
metastatic uveal melanoma cell lines. The liver is also an immune privileged site since the
introduction of antigens through the hepatic portal vein or orthotopic liver transplantation
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results in tolerance (Crispe et al., 2006). Hepatic cells express the liver-specific enzyme
tryptophan pyrrolase, also known as tryptophan 2, 3 deoxygenase, that catabolizes tryptophan
to produce kynurenine (Dick et al., 2001). Thus, metastatic uveal melanomas residing in the
liver enjoy an immunosuppressive environment that could protect the tumor from T cell-
mediated elimination in a microenvironment that resembles the immune privileged
environment found in the eye. Interestingly, both primary and metastatic uveal melanoma cells
upregulate IDO expression when they encounter the Th1-associated cytokine IFN-γ which
could allow them to deplete the local environment of tryptophan required for T cell expansion
and survival.

There is evidence that IDO expression is crucial in maintaining the immune privileged
environment in the eye. Foreign antigens introduced into the anterior chamber induce the
generation of regulatory T cells that abrogate Th1 T cell-mediated immune responses in a
phenomenon known as ACAID - anterior chamber-associated immune deviation (Niederkorn,
2002). Studies by Chen et al., (2006) demonstrated that ACAID induction by intracameral
injection of OVA-induced upregulation of IDO and IL-4 expression in splenocytes,
suppression of IFN-γ production by lymph node cells, and suppression of DTH responses. By
contrast, mice intracamerally challenged with OVA and received injections of the IDO
inhibitor 1-MT, suppressed splenocyte IDO expression and IL-4 secretion, restored expression
of IFN-γ by lymph node cells, and restored OVA-specific DTH responses, suggesting that IDO
expression by ocular tissues supports ACAID and ocular immune privilege. IDO expression
also plays a role in mitigating sight-threatening inflammation in the eye. Intraocular
inflammation associated with experimental autoimmune uveoretinitis (EAU) terminates ocular
immune privilege by degeneration of the blood-ocular barrier resulting in the loss of the
immunosuppressive ocular environment (Ohta et al., 1999). Treatment of EAU-positive mice
with agonistic anti-4-1BB antibody (CD137) suppressed intraocular inflammation by inducing
rapid clonal expansion of CD11c+ CD8+ T cells that produced IFN-γ. Stimulation of
CD11c+ dendritic cells by IFN-γ upregulated IDO expression resulting in depletion of
tryptophan in the local environment and apoptosis of CD4+ T cells responsible for mediating
EAU. (Choi et al., 2006). Interestingly, 4-1BB-mediated suppression of EAU was reversed
when the IDO inhibitor 1-MT was administered to animals prior to EAU induction. Together,
these two studies exemplify the role IDO plays in maintaining the immunosuppressive ocular
environment when the eye encounters an antigenic insult.

Uveal melanoma is the most common primary intraocular tumor in adults with a frequency of
six to seven cases per one million adults (Egan et al., 1988). While the incidence of developing
primary disease is infrequent compared to skin melanoma, over 50% of patients who develop
primary uveal melanoma subsequently develop metastasis primarily in the liver (Singh et al.,
2006). Prognosis of patients with metastatic uveal melanoma is poor since this disease is
resistant to most conventional therapies, including proton beam therapy, chemotherapy, and
antiangiogenic agent therapy (Bedikian, 1990). Moreover, current therapeutic regimens are
only palliative, increasing the median survival of patients from 2 months to 5 months (Bedikian,
1990). Novel strategies being developed to treat uveal melanoma include the use of tumor
antigen–based immunotherapy. Tumor vaccines against uveal melanoma have demonstrated
some success in generating tumor-specific T cells that eliminate ocular tumors in a transgenic
mouse model (Sutmuller et al., 2000). Additionally, immunization of a single uveal melanoma
patient with a vaccine against multiple melanoma antigens (tyrosinase, Melan-A/MART-1,
and NY-ESO1) also successfully stimulated antigen-specific cytotoxic CD8+ T cells that
recognized tumor antigen peptide pulsed targets (Valmori et al, 2003). However, CD8+ T cell
responses declined rapidly after the initial immunization indicating that the feasibility of
immunotherapy against uveal melanomas, while encouraging, is still in its nascent stages.
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The presence of tumor infiltrating lymphocytes (TIL) in cutaneous melanoma is commonly
associated with a more favorable prognosis and longer median survival (Haanen J.B. et al.,
2006). In addition, cutaneous melanoma cells are capable of inducing allogeneic T cell
expansion (Gervois et al., 2000). By contrast, the presence of TIL in uveal melanomas is
associated with an unfavorable prognosis and an increased risk of metastatic disease (de al
Cruz et al., 1990; Whelchel et al., 1993; Staibano et al., 2006). Uveal melanoma cells are poor
stimulators of allogeneic T cells. Studies by Verbik et al, (1997), demonstrated that primary
uveal melanoma cells are unable to directly stimulate allogeneic PBL in vitro. Moreover,
addition of regulator uveal melanoma cells to allogeneic MLR cultures suppressed responder
cell proliferation. Interestingly, we demonstrate in this report that IFN-γ stimulated primary
uveal melanoma cell lines (Mel 290 and Mel 270) and metastatic uveal melanoma cell lines
(OMM 2.3 and OMM 2.6) used in this study upregulate IDO expression upon IFN-γ
stimulation, resulting in kynurenine production and tryptophan depletion. It is conceivable that
uveal melanoma cells, acting as regulators, upregulate IDO expression in response to IFN-γ
produced by MLR responder lymphocytes culminating in tryptophan-depleted medium and
feeble lymphocyte proliferation due to tryptophan deficiency. Thus, metastasizing uveal
melanoma cells improve their probability of survival when traversing non-immune privileged
sites by directly affecting T cell-mediated immune surveillance through the expression of IDO
and the establishment of a local immune privileged microenvironment.
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Figure 1. Transcription of the IDO gene by primary uveal melanoma and metastatic uveal
melanoma cells
Total cellular RNA was prepared from untreated and IFN-γ treated tumor cells, and used to
generate cDNA. Intron-spanning IDO-specific primers were used in a PCR assay to amplify
IDO message from cDNA. PCR using GAPDH specific primers was used as an internal control.
Products from PCR amplification were separated by electrophoresis in a 3% agarose gel
containing GelStar nucleic acid stain and visualized using a Typhoon 9410 imager. IDO
specific RT-PCR on primary and metastatic uveal melanoma cell cDNA was performed 4
separate times.
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Figure 2. IDO protein is expressed by IFN-γ treated primary and metastatic uveal melanoma cells
Uveal melanoma protein lysates were prepared and 10μg of protein per sample which were
fractionated by electrophoresis. Separated proteins were transferred to PVDF membranes,
washed and probed using IDO or α-actin specific antibodies and visualized by HRP
colorimetric assay. This assay was performed on 3 separate occasions.
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Figure 3. Primary uveal melanoma and metastatic uveal melanoma do not express IDO in situ
Paraffin embedded samples of six tumor bearing eyes with primary uveal melanoma, one liver
biopsy from metastatic uveal melanoma sample and a section from a normal eye were cut into
4μm sections, incubated with anti-IDO or mouse IgG1 isotype control antibody and
counterstained with methyl green. Visualization of IDO positive cells was performed using
10x and 60x objectives. Positive staining of the retina served as a positive IDO control. IDO
expression on the primary uveal melanoma sample in this figure is representative of IDO
expression in all primary uveal melanoma sections.
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Figure 4. IDO expressed by IFN-γ-stimulated primary and metastatic uveal melanoma degrade
tryptophan and produce kynurenine
IDO activity by uveal melanoma was assessed by colorimetric detection of kynurenine in uveal
melanoma culture supernatants using a modified assay by Kudo and Boyd (2000). Uveal
melanoma cells were cultured in either 2.5uM tryptophan medium, with or without IFN-γ for
72 hours. Supernatants were collected, treated with TCA to precipitate proteins, and mixed
with p-dimethylaminobenzaldehyde to stabilize kynurenine in the samples. Kynurenine was
detected by colorimetric analysis using a spectrophotometer at a wavelength of A490.
Kynurenine concentration in uveal melanoma culture supernatants was determined by standard
regression analysis derived from colorimetric analysis of kynurenine concentration standards.
The results are representative of 4 separate experiments.
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Figure 5. Inhibition of IDO by 1-methyl DL-tryptophan prevents tryptophan catabolism
Uveal melanoma cells were cultured in the presence or absence of IFN-γ and also in the
presence or absence of 1-methyl DL tryptophan for 72 hours. Supernatants were collected and
treated with TCA to precipitate proteins, and mixed with p-dimethylaminobenzaldehyde to
stabilize kynurenine in the samples. Kynurenine was detected by colorimetric analysis using
a spectrophotometer at a wavelength of A490. Kynurenine concentration in uveal melanoma
culture supernatants was determined by standard regression analysis derived from colorimetric
analysis of kynurenine concentration standards. The results are representative of 3 separate
experiments.
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