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Background 
Immune escape is one of the key mechanisms mediating cancer 

������������ ���� ����������� ��������Ǥ� ����� �������� �����ϐ������
obstacles to successful cancer treatment, especially those reliant on 
the immune response such as T cell adoptive immunotherapy and 
immune checkpoint inhibitors (ICI) therapy. Despite a functioning 
host immune system, tumor cells often acquire either poorly 
immunogenic or immunosuppressive phenotypes, which impair 
immune-dependent resolution. 

During initial tumor development, most tumor cells are 
�����������������ϐ�������������������������������������Ǥ����ǡ� �����
creates a selection pressure, whereby the emergence of resistant 
variants occurs through immunoediting. These variants often lie 
dormant in patients during the “equilibrium phase” prior to re-
emerging with malignant phenotypes during the “escape phase” 
leading to immune subversion.

Immunoediting is a crucial mechanism in tumor evasion of 
immune surveillance1. Consequently, nascent malignant cells 
acquire defects in antigen presentation and lose the surface 
expression of tumor antigen-derived peptides in the context of 
Major Histocompatibility Complex (MHC-I). This reduced- or 
lack of- expression results in impaired ligation with the T cell 
receptor (TCR) on the surface of CD4 and CD8 T cells leading to 
defects in immunological synapse formation. Thus, abrogating the 
global immune response amplitude and quality of T-cell priming, 
activation, proliferation, differentiation, and cytokine production. 
The further acquisition of immunosuppressive properties, such as 
expression of PD-L1 and secretion of suppressive cytokines leads to 
T-reg expansion and macrophage M2 phenotype.

Impairment of MHC-1 Mediated Antigen Presentation 
Machinery in Tumor Cells

MHC-I dependent (also known as human leukocyte antigen 
(HLA-I) immune recognition of tumor antigens is a crucial 
mechanism through which tumor cells are recognized and cleared 
by the host. Within tumor cells, a discrete and multi-step process 
occurs, all of which can be targeted for immune subversion.

Tumor antigens are translocated from the cytosol to the ER by 
the transporter associated with antigen processing (TAP)2 and then 
processed into 8-10 amino acid peptides by the immunoproteasome 
involving proteins for proteasome assembly (PSMB) as well as 
endoplasmic reticulum aminopeptidases (ERAP). Concurrently, 
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ER-resident chaperones, including calreticulin and 
ERP573, facilitate the folding of nascent MHC-I molecules. 
������������ǡ���������������������Ⱦʹ���������������������
binds to TAP, in the presence of Tapasin to stabilize the 
������������������������������������������Ǧ��ϐ���������������
into the MHC-I. After TAP dissociation, MHC-I: peptide 
complexes use Golgi apparatus-dependent vesicular 
�����������������ϐ�����������������������Ǥ

It is well established in both human and experimental 
tumor models that tumor immune escape is associated 
with MHC-I downregulation5-6.

MHC-I expression depends on the tumor phenotype 
���� ���� ������������������� ���� ��� ������ϐ���ǣ� �� ǲ����ǳ�
phenotype (rejected tumor phenotype) and a “bad” 
phenotype (escape tumor phenotype). Tumors with the 
����������ϐ�������������������������������������������������
T-cell mediated immunosurveillance escape7. Tumors 
derived from (HLA-I) positive epithelia can lose totally or 
partially the surface expression of MHC-I molecules8. The 
total percentage of various types of HLA-I loss, including 
complete loss, haplotype loss, or allelic loss, ranges from 
65 to 90%, depending on the type of cancer9. 

���� ���������� ��� ���� ����������� ������ϐ�������� ���
provided as a typical example by colorectal cancer (CRC) 
patients in which 35% of them have an abnormal MHC-I 
expression. TAP1 downregulation mediates immune 
escape and is associated with a poor prognosis in CRC 
patients10. This observation was further supported by 
the elegant work of Wang et al.11 whereby for most tumor 
types a clear correlation exists between pan-cancer 
immune checkpoint inhibitors objective response rates 
(ORR) and immune tumor status for individual patients. 
These results were based on tumor immunogenicity scores 
(TIGS) that combined tumor mutational burden (TMB) 
with the expression signature of the antigen processing 
and presenting machinery (APM). 

Moving Tumor Cells from an Escape Phenotype to a 
Rejected Phenotype and Restauration of MHC-I

The escape phenotype is integral for malignancy and 
is an outcome of tumor cell reprogramming. Genetic and 
epigenetic processes govern this process and induce 
global gene expression modulation and alter protein 
expression. Following “the escape” process, tumor cells not 
only indicate immunotherapeutic resistance but display 
a malignant phenotype including abnormal metabolism, 
escape from growth factor control, stemness and invasive 
characters12. Hence, the immune-refractory phenotype 
can be associated with malignant phenotypes and are 
linked by factors that act as the regulators of malignant 
transformation and maintenance.

��� ����� �������ǡ� ���� ���������� ��� ��� ��ϐ���� �����������
that “reprogram” tumor cells towards an elimination 

phenotype capable of presenting tumor antigens and 
display minimal immunosuppressive properties. As such, 
development of a genetic or pharmacologic combination 
approach comprised of ICI and an immunomodulatory 
agent is extremely attractive.

It has been recently published13 that cancer cells 
transfected by the tumor suppressor Fhit (fragile 
histidine triad) restored MHC-I expression, improved 
tumor immunogenicity and promoted tumor rejection 
in immunocompetent mice mediated via CD8+ T 
cell-mediated immune response development. Fhit 
is a dinucleoside 5’,5”’-P1, P3-triphosphate (Ap3A) 
hydrolase involved dinucleoside polyphosphate signal 
transduction. Fhit displays several biological functions, 
including for genome integrity and the regulation of 
the gene expression and translation. Fhit transfection 
of tumor cells induces phenotypic changes resulting 
in MHC-I mediated antigen presentation and overall 
immune activation, providing support for the importance 
of new strategies for tumor phenotype switching from 
an “escape” to “rejected” status (Figure 1). Along this 
line, tumor malignancy can be reversed14, and a large 
set of genes are implicated- and can thus be targeted for 
cancer treatment. Differential gene-expression profiling 
has identified, amongst others-SIAH-1, PS1, TSAP6, 
and, most importantly, translationally controlled tumor 
protein (TCTP) and TP53. Decreasing TCTP expression 
and concomitant increased of TP53 expression is key in 
reprogramming malignant cells, including cancer stem 
cells15. 

In terms of pharmacology, it has been shown that 
neuromodulating drugs such as sertraline, thioridazine16, 
and more recently, a Peganum harmala beta-carboline 
derivative induces tumor reversion17. Revertant cells are 
characterized by cytoskeletal remodeling18, increased cell-
cell adhesion forces and a loss of growth properties in 
semi-solid supports. 

Actin-dependent cytoskeletal remodeling and 
��������Ȁ������������ϐ���������������������������������������
T and B lymphocytes19,20, especially during immunological 
synapse formation of their respective T-cell receptors (TCR) 
and B-cell receptors (BCR) with either MHC-I expressing 
tumor cells or antigen-presenting cells. Actin dynamics, 
including F-actin, mediate clustering, segregation, and 
receptor movement at the synapse interface21,22. Thus, 
facilitating synapse formation, strength, and duration to 
��ϐ������������������������������Ǧ����������������������
responses.

As previously mentioned, recent experiments23 
demonstrated that a beta-carboline (referred to as 
ACB1801)-mediated tumor reversion resulted in the rescue 
of MHC-I antigen presentation in melanoma B16 F-10, a 
poorly immunogenic murine tumor resistant to anti-PD-1. 
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ACB1801 treatment of B16 F10 tumor cells increased the 
����������� ��� �������Ǧ�����ϐ��� ���Ǧ�ǣ� �������� ����������
at the cell, which correlated with increased levels of TAP-
1, TAP-2 and tapasin gene expression that all act together 
to mediate antigen processing. These effects are like those 
induced by IFN-y, but in contrast to interferon, the drug does 
not increase PDL-1 expression. In vivo, ACB1801 strongly 
potentiates the effect of the anti-PD-1 with reduced tumor 
growth and improved survival. 

�������������������������Ȍ������������ϐ����������������
immunotherapy is primarily dependent on MHC-I 
mediated antigen presentation in tumor cells, ii) that the 
rescue of antigen presentation can be achieved through a 
non-cytotoxic reversion of the malignant phenotype and 
iii) that the phenotype reversion can be induced using 
small chemical entities in experimental models. These 
small chemical entities could further be used during 
adoptive cell therapies to facilitate ex vivo selection, and 
expansion of tumor-killing CD8+ T-cells, and improve 
MHC-I: tumor peptide antigen-dependent tumor targeting 
if patients are administered with the compounds at the 
time of transfer. 

Altogether, these possibilities pave the way for new 
����������������������������������������������ϐ�������������
therapy.
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