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Introduction

Figure 1: QBS, an amino acid-based LAT1-targeted nitrogen mustard. QBS is a
bifunctional, non-cleavable molecule that (i) targets LAT1 and (ii) contains a nitrogen
mustard group. It is preferentially toxic to cells overexpressing LAT1 in vitro. When
compared to melphalan, another amino acid-based nitrogen mustard, QBS is more
specific for LAT1 compared to the closely related transporter LAT2, and is less toxic to
normal cells (astrocytes, fibroblasts, bone marrow progenitors) than melphalan.

Figure 2: QBS Crosses the BBB and is retained in Brain Tumors. A biodistribution study
via quantitative whole body autoradiography using radiolabeled QBS was conducted.
5mg/kg [14C]QBS was dosed i.v. into nude mice with intracranial GBM tumors (human
LN229 cells). The distribution was quantitated in various tissues at 1, 8, & 24 h post-
dose. Results: QBS crosses the BBB and enters the tumor, the QBS concentration within
the tumor and in cardiac blood are comparable, and QBS levels are significantly
enhanced in tumor vs. normal brain.

We established the animal model based on the internal carotid injection of luciferase-
expressing MDA-MB-231-BR3 cells into NuNu mice. Once the bioluminescence (BLI)
signal intensity from the metastatic spread reached 0.2 - 0.5 x 106 photons/sec, mice
were dosed with 8 mg/kg QBS either (i) i.v. once a week for 9 weeks or (ii) i.p. twice a
week for 9 weeks. Tumor growth was monitored by bioluminescence. The body weight
of animals was recorded twice a week.

Results

Methods

Results

The development of successful systemic treatments for brain metastases (BMs) has
been hampered by low permeability of drugs across the blood brain barrier (BBB). The
large amino transporter type 1 (LAT1) is expressed on both the luminal and abluminal
membranes of endothelial cells of the BBB and is responsible for the delivery of
essential amino acids (such as leucine & phenylalanine) as well as amino acid-based
drugs (such as L-DOPA & gabapentin) to the brain. While LAT1 is expressed at very low
levels in normal tissues incl. brain parenchyma, its expression is highly upregulated in
most tumor tissues, providing the amino acids necessary for the rapid proliferation of
these cells. We have designed an amino acid-based small molecule nitrogen mustard
compound (QBS) that can be transported by LAT1 to cross the BBB and preferentially
enter tumor cells. This novel compound is well-tolerated and exhibits robust anti-tumor
growth in several xenograft models. QBS is currently in development for the treatment
of glioblastoma. In this study, we investigated the ability of QBS to treat leptomeningeal
metastasis (LM) using a novel model of triple-negative breast cancer (TNBC) LM, the
most aggressive type of BMs (Poster LPTO-11).

Results

Figure 3: QBS is cytotoxic to triple negative breast cancer cells both in vitro and in vivo.
(A) Dose dependent in vitro cytotoxcity of QBS on MDA-MB-231 cells. Cells were treated
with various concentrations of QBS and surviving cells were quantified 10 days after
treatment. Data are expressed as a control of untreated cells. (B) QBS inhibits the
growth of MDA-MB-231 cells implanted in the flank of nude mice. Animals were
implanted with tumor cells, and the the tumors were allowed to grow to ~ 200 mm3

before treatment began. QBS (10 mg/kg) or vehicle were dosed i.v. once a week for 8
weeks. Tumors sizes were monitored 2-3 x per week. QBS was well-tolerated with no
adverse effect on animal weight during the course of the study.

Figure 4. QBS effectively slows down cancer growth in the mouse model of
leptomeningeal metastasis (LM) and is well tolerated. The TNBC LM model was
established based on the internal carotid injection of luciferase-expressing MDA-MB-231-
BR3 cells (Poster LPTO-11). (A) QBS (8 mg/kg) was administered 2x per week i.p. and (B)
once a week via i.v. injections. QBS is well tolerated, as shown for both i.p. (C) and i.v. (D)
dosing regimen. Arrows indicate the start of treatment.

Figure 5. QBS treatment significantly extends survival. Kaplan-Meier survival analysis
revealed that LM mice treated with QBS display a significant survival benefit compared to
vehicle treated mice in both i.p. (A) and i.v. (B) regimen. (C) Median survival days in QBS
treated LM mice vs. days in mice receiving vehicle treatment.

Conclusion
The novel brain-permeant agent QBS is effective as a therapeutic in a mouse model for
TNBC LM.

Figure 6. Tumors regressed completely in one of the treated LM mice (No. 390) in the
8 mg/kg i.p. treatment group.
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Compound

In vitro Cytotoxicity (LC50, uM)
Normal 
Human 

Astrocytes

Mouse 
Fibroblasts 

(3T3)

Bone Marrow Progenitors
Myeloid         Erythroid

QBS 19 9 2.2 2.1
Melphalan 0.9 2 1.4 0.42

LAT1 vs. LAT2 Specificity

Effect on Normal Cells

Compound LAT1 
IC50 (uM)

LAT2 
IC50 (uM)

Fold LAT1-
selectivity

QBS 21 1100 50
Melphalan 170 390 2.3

QBS Cytotoxicity in vitro 
(LAT1-inducible cell line)

Tumor

Whole-body 
Autoradiogram 
(1 hr post-dose)

Tissue
Tissue Concentration (μg equiv/g tissue)

1 hr 8 hr 24 hr
Blood 2.20 0.58 0.73 
Brain 0.42 0.10 0.11 

Tumor 2.01 0.39 0.33 
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(B) TNBC Xenograft: Activity of QBS in vivo(A) TNBC cells: Activity of QBS in vitro
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(A) BLI intensity of LM mice treated by i.p. (B) BLI intensity of LM mice treated by i.v.

(C) Weight of LM mice treated by i.p. (D) Weight of LM mice treated by i.v.

Drug Administration Dose Frequency Vehicle QBS 8 mg/kg
i.p. 2x per week 27 days 62 days
i.v. 1x per week 25 days 52 days

(A) LM mice survival treated by i.p. (A) LM mice survival treated by i.v.

(C) Median survival days in different groups
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Representative bioluminescence image of QBS treated LM mouse


