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The Hong Kong Anti-Cancer Society research grant: final report 2017

Study title: In vitro and in vivo combination of arginase and chemotherapeutic drugs in
squamous cell lung carcinoma

Investigators and affiliations:

Principal investigator: Dr. Sze-Kwan LAM PhD, Post-doctoral Fellow, Department of Medicine,
The University of Hong Kong

Co-investigator: Dr. James Chung-Man HO M.D. FRCP, Clinical Associate Professor, Department
of Medicine, The University of Hong Kong

HKACS research grant approval date: 4 February 2016
Project start date: 1 April 2016

Study duration: 1 year

Final report and interim results:

The aims of our study, as listed in the original study proposal, would include the following:

1. To explore the in vitro activity of arginase in SCC.

2. To investigate the possible in vitro combination effect between arginase and
chemotherapeutic drugs (paclitaxel, gemcitabine and cisplatin) in SCC.

3. To examine the mechanisms of action of arginase and/or chemotherapeutic drugs in
SCC.

4. To study the in vivo activity of arginase and/or chemotherapeutic drugs in SCC xenograft
models.

Over the past year, we have finished the experiments for the cell line model and two nude mice
xenograft models. In brief, we have confirmed activity of pegylated arginase 1 (BCT-100) in SCC
cell lines and one of xenograft models. The more detail report of our results is as follows:

In vitro activity of arginase in SCC

A panel of 3 SCC cell lines (SK-MES-1, H520 and H2170) was used. BCT-100 reduced the viability
of SCC cell lines with the ICsy values were obtained by MTT cell viability assay (13.7 £ 0.6, 14.0 +
0.8 and 14.5 + 0.3 mU/ml respectively) (Figure 1).



In vitro combination effect between arginase and chemotherapeutic drugs (paclitaxel,
gemcitabine and cisplatin) in SCC

The combination effect of different chemotherapeutic drugs (paclitaxel, gemcitabine and
cisplatin) with BCT-100 was studied. However, there was no synergistic effect in all
combinations in almost all cell lines (Figure 2). Finally, the effect of BCT-100 alone on SCC was
focused in this study.

Mechanism of cell growth inhibition in vitro

Argininosuccinate synthetase (ASS1) and ornithine transcarbamylase (OTC) are key enzymes in
urea cycle, responsible for replenishing intracellular store of arginine. They were not expressed
in all cell lines in our experiments (data not shown), indicating potential sensitivity to arginase,
i.e. arginine depletion.

There was no alteration in expression of Bcl-2 and survivin as well as no cleavage of PARP and
caspase-3 in all cell lines treated with BCT-100 (data not shown) indicating that apoptosis was
not involved. Furthermore, pAKT and pErk were not detectable in control group, so no
additional downregulation of pAKT and pERK could be demonstrated after BCT-100 treatment
(data not shown). It seems that cell growth inhibition was not mediated by apoptotic and
AKT/Erk pathways in vitro. The in vitro mechanism remained unknown.

In vivo effect of BCT-100 on tumor xenografts

Two xenograft models were successfully developed: SK-MES-1 and H520. There was no
significant difference in baseline tumor size in mice amongst different groups (data not shown).
The relative tumor size in the control and BCT-100 treatment arm during experiment was
revealed in Figure 3. BCT-100 (60 mg/kg) suppressed tumor growth in SK-MES-1 xenograft
model but not H520 xenograft model (Figure 3). There were no toxic effects upon BCT-100
treatment as evidenced from similar body weight in different groups (p > 0.05) (data not shown).

Basal expression of ASS1 and OTC was investigated by Western blot. ASS1 was highly expressed
in SK-MES-1 xenograft when compared with H520 xenograft. OTC level was low in both
xenografts (Figure 4). Since both OTC and ASS1 were under-expressed (i.e. depleted key
enzymes of urea cycle) in H520 xenograft, it should be theoretically sensitive to BCT-100
treatment.

It has been reported that arginase 2 (ARG2) is expressed in human lung cancer, however, ARG2
does not induce immune suppression nor affect disease progression (Rotondo et al., 2008). We
proposed SCC xenograft with high basal ARG2 expression would adapt low intratumoral arginine
level and would not be affected by arginine depletion therapy. We found that ARG2 was highly
expressed in H520 xenograft (Figure 5).

PEG-BCT-100 could be found in the tumor samples in both treatment arms in both xenografts
(Figure 6) accompanied with decrease in serum arginine concentration. On the other hand, the
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intratumoral arginine level could only be decreased in 60 mg/kg arm in SK-MES-1 xenograft. The
intratumoral arginine level in control arm of H520 xenograft was very low and could not be
further decreased by BCT-100 (Figure 7) which might account for the inefficacy of BCT-100 in
this model.

Downregulation of cyclin A2, cyclin B1, cyclin D3, cyclin E1 and cdk4 by BCT-100 in SK-MES-1
xenograft indicating G1 arrest was mainly induced by BCT-100, but not in H520 xenograft (Figure
8). Furthermore, expression of proliferation factor, Ki67, was decreased in BCT-100 arm in SK-
MES-1, but not H520 xenograft: proliferation of tumor cells in SK-MES-1 xenograft was inhibited
(Figure 9).

Apoptotic cells were increased upon BCT-100 treatment as demonstrated in TUNEL assay in SK-
MES-1 xenograft, but not H520 xenograft (Figure 10).

Summary

BCT-100 (pegylated arginase 1) suppressed tumor growth in SK-MES-1, H520 and H2170 cells as
well as SK-MES-1 xenograft. There was no observed synergistic interaction of BCT-100 with
commonly used chemotherapeutic agents in SCC. The lack of efficacy of BCT-100 in H520
xenograft might be due to high basal expression of arginase 2. The mechanisms of tumor
suppression in SK-MES-1 xenograft were partially induced by G1 arrest and apoptosis, mediated
by arginine depletion.

Future plan

1. One more xenograft model (new bought SCC cell line) will be established to further study the
effect of BCT-100 in vivo.

2. Manuscript will be submitted for publication after completion of experiments on the
additional xenograft.
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Financial breakdown

As of 20 Feb 2017, the expenditure is as follows:

12 Sept 2016 | 20 Feb 2017 | Whole Year
Items Amount (S) Amount (S) | Amount ($)
Antibodies 12583.6 43256.76 55840.36
Western Blot 2886.7 9580.9 12467.6
Cell Culture and Consumable | 32466.84 22873.7 55340.54
Assay 50814.8 12916.8 63731.6
Animal Work 5350 7199.9 12549.9
University Overhead 17641 17641 35282
Sub-Total 121742.94 113469.06 235212
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Figure 1: Cell viability of SCC cell lines upon BCT-100 treatment. Cell viability was reduced by
treatment with BCT-100 in SK-MES-1, H520 and H2170 cells.
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Figure 2: In vitro combination effect between BCT-100 and chemotherapeutic drugs (paclitaxel,
gemcitabine and cisplatin) in SCC cell lines. No synergistic effect when combining BCT-100 with
paclitaxel, gemcitabine or cisplatin in all cell lines.
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Figure 3. The relative tumor size in SK-MES-1 and H520 xenograft nude mice models in control
and BCT-100 treatment arms. BCT-100 (60 mg/kg) suppressed tumor growth in SK-MES-1, but
not H520 xenograft. A p-value < 0.05 defined statistical significance (*: p<0.05, **: p<0.01).
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Figure 4. ASS1 and OTC expression in SK-MES-1 and H520 xenograft. ASS1 was highly expressed
in SK-MES-1 xenograft. OTC was weakly expressed in both xenografts.
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Figure 5. Basal arginase 2 (ARG2) expression in SK-MES-1 and H520 xenografts. Arginase 2 was
highly expressed in H520 xenograft.
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Figure 6. The intratumoral PEG-BCT-100 level in SK-MES-1 and H520 xenografts. PEG-BCT-100
could be found in the tumor in treatment arms of both xenografts. A p-value < 0.05 defined
statistical significance (*: p<0.05, **: p<0.01, ***: p<0.001).
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Figure 7. The serum and intratumoral arginine in control and BCT-100 treatment arms of SK-
MES-1 and H520 xenografts. BCT-100 decreased serum arginine concentration in both xenograft
while declined intratumoral arginine level in SK-MES-1 xenograft only. A p-value < 0.05 defined
statistical significance (*: p<0.05, **: p<0.01, ***: p<0.001).
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Figure 8. Expression of cyclin A2, cyclin B1, cyclin D3, cyclin E1 and CDK4 in control and BCT-100
treatment arms of SK-MES-1 and H520 xenografts. BCT-100 downregulated expression of cyclin
A2, cyclin B1, cyclin D3, cyclin E1 and CDK4 in SK-MES-1 xenograft, but not H520 xenograft. A p-
value < 0.05 defined statistical significance (*: p<0.05).
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Figure 9. The expression of proliferation factor, Ki67, in control and BCT-100 treatment arms of
SK-MES-1 and H520 xenografts. Expression of Ki67 was suppressed by BCT-100 in SK-MES-1
xenograft, but not H520 xenograft. A p-value < 0.05 defined statistical significance (*: p<0.05).
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Figure 10. Apoptosis induction by BCT-100 in xenograft models. Apoptosis was induced by 60
mg/kg BCT-100 treatment arm in SK-MES-1, but not H520 xenograft. A p-value < 0.05 defined
statistical significance (***: p<0.001).
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