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Abstract

Triple negative breast cancers (TNBCs) account for 10-15% of

all BC cases and has a rapid rate of relapse as metastatic

disease in the first five years after diagnosis. TNBC cell lines

exhibit better anchorage independent survival than estrogen

receptor alpha (ER) positive lines and are thus resistant to

anoikis (or death induced by detachment) exhibited by normal

epithelial cells. TNBCs exhibit higher infiltration of immune cells,

but also higher expression of PD-L1 and other signs of immune-

suppression. The Richer lab reported an increase in tryptophan

catabolism in TNBC lines under anchorage independent

conditions via the tryptophan metabolizing enzyme Tryptophan

2,3-Dioxygenase (TDO2), which increases in TNBC under

anchorage independent conditions and with NFKB activation1,2,3.

In addition, tryptophan catabolism was associated with high

androgen receptor (AR) expression in TNBC4, which correlates

to a poor response to chemotherapy. The regulation of the

tryptophan catabolism under anchorage independent conditions

and how it promotes TNBC progression is poorly understood.

Drugs targeting TDO2 are in early stages of development. Here,

we conduct tryptophan tracing in a high AR TNBC cell line in

attached or suspended conditions and following activation of

NFκB via inflammatory cytokines. We find that a novel TDO2

inhibitor significantly reduced production of the tryptophan

catabolites kynurenine and formyl-kynurenine that are known to

decrease the viability of cytotoxic T cells. Single cell RNA

sequencing identified surface markers CD9 and CD24 as

positively associated with TDO2 expression. Our results reveal

new ways to study and target tryptophan catabolism in TNBC.

Working Hypothesis 
Tryptophan catabolism promotes anchorage independence and

immune suppression in TNBC, and targeting this pathway may

reduce metastasis and enhance immune function.

Results
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▪ MDA-MB 453 cells increased uptake of tryptophan and

production of immune suppressive catabolites under

anchorage independent conditions and NFκB activation.

▪ The TDO2/IDO inhibitor AT0174 reduced uptake of

tryptophan and production of secreted downstream

metabolites.

▪ CD24 or CD9 may serve as potential surface markers to

isolate and study TDO2+ TNBC cells.
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Figure 1. Tracing of 13C labeled tryptophan demonstrates that tryptophan catabolism increases when TNBC cells are

cultured under anchorage independent conditions and increases with NFkB activating cytokines. A. MDA-MB-453 were

cultured in tryptophan depleted media in attached versus suspended conditions and cells harvested at 0, 48 and 72 hours after

addition of 13C labeled tryptophan. B. MDA-MB-453 were cultured in regular attached and suspension then treated with the NFkB

activating cytokines TNFα and IL1β. Statistical analysis was conducted by Two-way ANOVA defined *: p<0.05, **p<0.01,

***p<0.001, ****p<0.0001 per formed biological triplicates. The composited graph with dark blue: heavy/labeled isotope and light

blue: light/unlabeled.
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TNBC cell lines (MDA-MB-453, BT549) were confirmed by

fingerprinting and mycoplasma negative by the UCCC Tissue

Culture Shared Resource. Experiments were conducted in

biological triplicate and analyze by One-way ANOVA or Two-

way ANOVA if group >2.

▪ Explore the tryptophan transporter- LAT1 (SLC7A5) in TNBC in 

attached versus anchorage independent conditions and with and 

without NFkB activation. 

▪ Determine the effects of tryptophan depletion and kynurenine 

production on macrophage levels, polarization and function. 

▪ Test the novel TDO2 inhibitor (AT0174) in vivo in syngeneic 

mice and humanized mice, alone and with checkpoint inhibitor. 
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Figure 4 TDO2 increases in TNBC cell lines following NFkB

stimulation, but the protein is only expressed in specific

cells and CD9 and CD24 are elevated in cells with high TDO2.

A. MDA-MB-453 cells treated with 10 ng/mL IL1β + 10 ng/mL

TNFα or vehicle were harvested at 24 hours and IHC for TDO2

performed. Over 3,000 cells were captured/sample and

sequenced at a depth of ~70,000 reads/cell and TSNE plot

colorized for TDO2 (square = control treated cells; circle = IL1β +

TNFα treated cells). B. A volcano plot shows that CD9, CD24 and

TFF1 increase in a significantly with TDO2 in the MDA,-MB-453

cells. C. qRT-PCR validation for CD9 and CD24.

Figure 2. Labeled tryptophan in the media is depleted

and the secreted catabolites Hydroxy-kynurenine are

detected in media over time and with the NFκB

activating cytokines TNFα and IL1β. A. Both heavy

labeled tryptophan-derived carbon (dark blue) and light

unlabeled (light blue) are detected in each catabolite

shown B. The heavy carbon plotted to visualize how

tryptophan was depleted from the media and downstream

catabolites secreted into the media.

Figure 3. Two different TDO2 inhibitors decreased breast

cancer production of tryptophan catabolites in a dose

dependent manner both in the attached and anchorage

independent conditions. MDA-MB-453 breast cancer cells were

treated with vehicle (DMSO), at 1μM and 10μM of the novel

AT0174 or 68c091 (tenatoprazole) for 48 hrs and the amounts of

kynurenine (left) and N-formyl kynurenine (right) in the media were

quantified by mass spectroscopy. Statistical analysis was

conducted by One-way ANOVA defined *: p<0.05, **p<0.01,

***p<0.001, ****p<0.0001.
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