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Correlation of anti-tumour drug resistance with epigenetic
regulation

During treatment, the development of drug-resistant tumours remains an important challenge in cancer treatment. Epigenetic
changes have been reported as one of the mechanisms for anti-tumour drug resistance. In clinical practice, a combination of
epigenetic-related drugs can be considered as a future selection of cancer therapeutic drugs.
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MAIN
Pharmacotherapy for cancer has undergone great changes with
the advent of molecular-targeted therapeutic agents specific for
cancer. Molecularly targeted drugs are extremely effective against
cancers with target factors such as driver oncogenes that strongly
induce canceration. During treatment, development of tumour
resistance remains a significant challenge in cancer therapy. Thus,
it is imperative to elucidate the mechanism of anti-tumour drug
resistance to develop therapeutic approaches that overcome or
prevent resistance.1 Because of significant progress in the advent
of molecularly targeted drugs for certain types of cancer, such as
lung, colorectal and ovarian cancer, many researchers are
pursuing efforts to identify and characterise not only the
mechanisms of resistance, but also strategies to overcome it.
Colorectal cancer cells originally have natural resistance, also

known as pre-existent or intrinsic resistance, which impairs the
effectiveness of anti-tumour drugs. In the treatment of conditions,
such as leukaemia, there are many cases in which early
effectiveness of an anti-tumour drug becomes ineffective later in
treatment, which is known as acquisition resistance. Molecular
biology-based studies investigating factors involved in anti-
tumour drug sensitivity and drug resistance of cancer and normal
cells have contributed to predicting the effects of anti-tumour
drugs. The development of drug therapy targeting factors
involved in drug resistance is expected to contribute to a better
understanding of the therapeutic effects of cancer chemotherapy.
Cancer cells acquire anti-tumour drug resistance through one of
three mechanisms: (a) gene expression likelihood, (b) gene
expression decrease or (c) gene mutation.
Cancer cells are characterised by unregulated growth, damage

to normal cells and growth via distant metastasis. In tumour cells
such as myeloma cells, there is either abnormal or impaired
proteasome function, which is an enzyme complex that plays an
important role in the cell cycle. Proteins that are no longer needed
by the cell are marked through ubiquitination and degraded by
proteasomes. Drugs that induce programmed cell death (apopto-
sis) in cancer act through proteasome inhibition, thereby
preventing protein degradation and resulting in the accumulation
of unwanted, abnormal or misfolded proteins. For instance, the
proteasome inhibitor (PI) bortezomib prevents activation of the
transcription factor nuclear factor-κB and, consequently, degrada-
tion of tumour protein p53 (TP53).2 As a result, bortezomib
induces cell apoptosis, resulting in its anti-tumour effect.
Carfilzomib binds to the β5 subunit of 20S proteasome,3 and
as a result, inhibits proteasome activity by preventing

chymotrypsin-like activity. Furthermore, carfilzomib also exerts a
cytotoxic effect on cells from cancer cell lines that are resistant to
bortezomib. PIs are a class of molecular target drugs that exert
anti-tumour effects by inhibiting the signal transduction pathways
of specific molecules involved in cancer cell growth.
Resistance to PIs is a major obstacle to the successful treatment

of multiple myeloma (MM).2,3 During PI-based treatments, MM
cells enter a slow cycling and reversible drug-tolerant state. This
reversible phenotypic transition is associated with epigenetic
plasticity, involving the development of tolerance rather than
persistence in patients with relapsed MM (Fig. 1). Ge et al.4

examined the effects of PI-based intermittent therapy or treat-
ment in combination with histone deacetylase (HDAC) inhibitors
on drug-tolerant MM cells, and demonstrated that the combina-
tion of HDAC inhibitors and high-dosage intermittent therapies, as
opposed to sustained PI monotherapy, can be more effective in
treating MM by preventing the emergence of PI-tolerant cells
(Fig. 1). In other words, the therapeutic basis is the reversal of
dysregulated epigenetic regulators in patients with PI-treated MM.
Previous studies have confirmed that HDAC inhibitors possess
anti-tumour effects on various cancer types.5 Ge et al. have shown
that the combination of epigenetic factor inhibitors, such as HDAC
inhibitors may be effective against drug resistance observed in the
process of treating cancer and malignant tumours with anti-
tumour drugs.
Advanced and recurrent ovarian cancer changes into refractory

cancer by acquiring resistance to chemotherapy centred on
platinum drugs. Horiuchi et al.6 reported that expression of S100
calcium-binding protein A4 (S100A4) was correlated with inva-
siveness of ovarian carcinoma cells in vitro and in vivo, and that
increased expression of S100A4 was associated with hypomethy-
lation of CpG sites in the first intron of S100A4 in ovarian
carcinoma with cisplatin resistance.7 These results demonstrate
that epigenetic alteration plays an important role in the metastatic
phenotype and acquired transformation of ovarian cancer cells.
In the treatment of cancer, drug resistance to anti-tumour drugs

that either do not work or lose effectiveness during treatment is of
major concern for patients and healthcare professionals. Previous
research on anti-tumour drug resistance was conducted to
elucidate the molecules involved in resistance development.
An understanding of the underlying resistance mechanisms of
anti-tumour drugs is critically important to further improve
treatment outcomes of advanced/recurrent cancers. These studies
have discovered that changes in the expression of factors involved
in tumorigenesis and metastasis because of epigenesis are
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causally related to drug resistance and tumour malignancy. In the
future of clinical medicine, a combination of epigenetic-related
drugs such as HDAC inhibitors and clinically recommended anti-
tumour drugs may be recommended to avoid anti-tumour drug
resistance.
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Fig. 1 Although a detailed mechanism is not fully understood, histone deacetylase (HDAC) expression may be induced during clinical
treatment with anti-tumour drugs, leading to inhibition of several genes as a result of histone deacetylation. Anti-oncogenic factors,
including tumour protein p53 (TP53) and interferon regulating factor 1 (IRF1), are significantly downregulated during anti-tumour drug
treatment, thereby leading to anti-tumour drug resistance of malignant tumours and cancers. Depending on the type of cancer or malignant
tumour, recurrence/metastasis is triggered by HDAC activation. However, in cases of multiple myeloma, acquisition of anti-tumour drug
resistance is not observed because of combination therapy using anti-tumour drugs and HDAC inhibitors. Furthermore, the acquisition of
drug resistance in malignant tumours or cancers is induced by somatic mutations in key factors; however, development of drug resistance can
also occur because of epigenetic changes of tumour suppressor genes caused by aberrant expression of epigenetic regulators such as HDAC
activation. Therefore, in future clinical medicine, combination therapy with anti-tumour drugs and inhibitors against epigenetic factors such as
HDAC inhibitors may be an effective chemotherapeutic approach for malignant tumours or cancer. Ac acetylated histone.
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