
The transcription factor C/EBP-a (CCAAT/enhancer-binding protein alpha) is a leucine

zipper protein which acts as a master regulator of liver homeostasis, multiple

oncogenic processes (including cell cycle control, proliferation and angiogenesis) and

the haematopoietic myeloid cell lineage, in which it primes and activates the myeloid

gene expression program by binding to promoters or enhancers of myeloid-related

genes1-2. Deregulation of C/EBPα has been reported in several solid tumours including

liver, breast and lung3. Additionally C/EBPα is down-regulated in myeloid-derived

suppressor cells from tumour bearing mice and C/EBPα knock out mice display

greater myeloid-derived suppressor cell tumour infiltration, vascularization and

growth4. Up-regulation of C/EBPα in rodent models of liver cancer inhibited tumour

growth5-7.

Results Discussion
§ From mechanistic evaluation of HCC patients treated with MTL-CEBPA we have

observed that it induced a significant increase in peripheral granulocytes that was

transient after a once weekly dose and re-occurred on repeat dosing. qPCR analysis

of these cells showed increased mRNA levels of C/EBP-a and down regulation of

PD-L1, adenosine deaminase and CXCR4 suggesting the potential for an immune-

modulatory effect on the TIME8.

§ In this study we did not detect a significant therapeutic response to PD-1 inhibition

however there was a clear incremental benefit when this was combined with MTL-

CEBPA and RFA.

§ We observed a significant increase in the tumour associated cytotoxic and natural

killer T lymphocytes in the contralateral tumour following treatment with RFA in

combination with MTL-CEBPA and PD-1 inhibition, which was not observed in other

treatment groups.

§ Tumour control on the opposite flank was augmented by addition of RFA and most

significant in the triple combination group (RFA + anti-PD1 + MTL-CEBPA) in which

2/8 animals showed a complete response and 5/8 a partial response.

§ Combination treatment of MTL-CEBPA enhances the immunological anti-tumour

response of radiofrequency ablation and PD-1 inhibition in a pre-clinical HCC model

§ These data suggest a clinical role for combination treatment with checkpoint

blockade, RFA and MTL-CEBPA through synergistic priming of the immune tumour

response, enabling RFA to have a pronounced anti-tumour abscopal effect.

MTL-CEBPA comprises SMARTICLES® liposomal nanoparticle encapsulating CEBPA-51,

a 21-mer small activating 2’O-Me RNA oligonucleotide duplex designed to specifically

target and up-regulate transcription of the CEBPA gene17. MTL-CEBPA is currently

being evaluated clinically in an international multi-centre, first-in-human, first-in-class

phase I trial in patients with advanced liver cancer (ClinicalTrials.gov – NCT02716012).

Radiofrequency ablation (RFA) is standard treatment for some tumour types such as

liver cancer and induces modulation of both innate and adaptive immune systems.
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Group CR PR SD PD

1. Control 0 0 0 8 (100%)

2. R 0 0 0 8 (100%)

3. P 0 0 3 (33.3%) 6 (66.7%)

4. C 0 3 (33.3%) 3 (33.3%) 3 (33.3%)

5. P+C 0 2 (22.2%) 4 (44.4%) 3 (33.3%)

6. R+P 0 0 5 (50%) 5 (50%)

7. R+C 0 4 (50%) 2 (25%) 2 (25%)

8. R+P+C 2 (25%) 5 (62.5%) 1 (12.5%) 0

Group
Mean volume change (%) 
+/- SD p vs. control

Control (C) 260.4 ± 45.4 -

MTL-CEBPA (M) 150.5 ± 29.4 0.001

anti-PD1 (P) 219.1 ± 57.1 n.s

anti-PD1 + MTL-CEBPA (P+M) 169.8 ± 31.6 0.0005

RFA (R) 273.1 ± 63.8 n.s

RFA+ MTL-CEBPA (R+M) 193.2 ± 54.2 0.029

RFA+ anti-PD1 (R+P) 209.0 ± 61.1 n.s

RFA+ MTL-CEBPA + anti-PD1 (R+P+M) 118.6 ± 33.6 0.0006

Table 1. Mean change in tumour volume in the experimental groups. 
M – MTL-CEBPA, P – anti-PD1, R – RFA

Methods
To investigate any synergistic effect of MTL-CEBPA with RFA and immune checkpoint

inhibition we initiated a reverse translation experiment, where syngeneic BNL

hepatocellular carcinoma tumour cells were injected in the two opposite flanks of

immunocompetent BALB/c mice (n=8 in each group). Treatments for hepatoma

bearing mice included: 1) RFA on one flank (day 0), 2) Anti-PD-1 inhibition

immunotherapy (RMP1-14 antibody, BioXCell, West Lebanon, NH, USA at 200 μg

IV/mouse/dose on days 0, 2 & 5) and 3) MTL-CEBPA (3mg/kg IV/mouse/dose on days

0, 2 & 5) as well as combinations of all 3 interventions.

Background

Fig 1. Summary of relative tumor volume change
No RFA treatment group RFA treatment group

Fig 2. Changes in tumor infiltration of cytotoxic T lymphocytes (TILs) and Natural Killer T (NKT) cells
TILs +/- RFA NKT cells without RFA treatment NKT cells with RFA treatment

Table 2. Therapeutic response to contralateral flank tumour. 
CR – complete response, PR – partial response, SD – stable disease, PD –
progressive disease
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