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Abstract:

Cancer has become a major public health problem worldwide. Researches focus on the new approaches for
cancer treatments that involve the specific targets of the cancer disease. The premise of targeted therapy in
oncology is the fundamental reliance of tumor cells on biological pathways to which drugs inhibiting those
pathways can be applied. Tumor resistance to anticancer drugs is a well-known clinical phenomenon that is
now yielding its secrets to investigation at the molecular level. Resistance of immunotherapeutic agents is a
matter of concern that is believed to influence the effectiveness of anticancer therapies. The intrinsic or
acquired drug resistance directly impacts on the survival and the prognosis of patients with cancer. This
review presents the application of molecule targeted therapy in cancer treatment. A particular focus is on the
potential mechanism that can facilitate further improvement of anticancer.
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INTRODUCTION:

Cancer is one of the most common diseases and a major public health problem in china and worldwide.
Based on globocan estimates, about 14.1 million new cancer cases and 8.2 million deaths occurred in 2012
worldwide. Over the years, the burden has shifted to the developing countries, which currently account for
about 57% of cases and 65% of cancer deaths worldwide. [1] The high morbidity and mortality of cancer
are related with the increasing prevalence of risk factors such as overweight, smoking, the increased aging
and growth of the population. [2] there are many effective methods to treat the cancer disease. Surgery,
radiation therapy and chemotherapy are the major methods in the treatments of cancer today. Primary
tumors and large metastases often depend on surgery and radiation therapy. Some disseminated tumors such
as breast, prostate and colorectal cancer are treated mainly by chemotherapy. [3] traditional anticancer
chemotherapy agents block cell division and dna replication. [4] many of these agents could also target the

microtubule dynamics of the mitotic spindle. These early anticancer drugs such as platinum derivatives,
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nucleoside analogues, topoisomerase inhibitors, taxanes and vinca alkaloids are widely used today. They

have great curative effects and slightly prolong survival among patients with childhood leukaemias and
testicular carcinoma. However, they are not effective for all types of cancer. [5] regarding the background
and disadvantage of chemotherapy, complementary treatment modalities are being widely explored in recent

years.

For example, molecular therapy, antiangiogenesis therapy, [6] immunotherapy, [7] apoptosis regulation, [8]
signal-transduction therapy, [9] differentiation therapy, [10] targeted radionuclide therapy [11] and nucleic-
acid-based therapies [12] have attracted more attention from the public. Researches are focusing on some
new approaches for cancer treatments that involve the specific targets of the cancer disease. Multiple
molecular targets and signaling pathways were related to the action of targeted treatment. Targeted
treatment exerted its anticancer effects through multiple mechanisms, including proliferation inhibition,
apoptosis induction, metastasis suppression, immune function regulation and multidrug resistance reversal.
Increased understanding of tumor immunology leads to the development of effective targeted therapies. [13]
The molecular diagnostic of cancer is also rapidly developed recently. More and more targeted therapeutic
agents across various cancer subtypes have been approved by the US Food and Drug Administration (FDA)
in the recent years than in previous two decades. These drugs which are effective and safe provide new
treatment opportunities to patients who could not receive suitable conventional chemotherapy. [14] Drugs
targeting signaling oncoproteins that have gained tumor-driving functions through mutations or
overexpression are subsequently developed to increase specificity and thus reduced the side effects, but
have limitations such as the formation and development of drug resistance. Resistance of therapeutic agents
is an important problem in the treatment of cancer disease that is believed to influence the effectiveness of
targeted therapies and the prognosis of patients with cancer. [15] Drug resistance in cancer inevitably
emerges during treatment, particularly with novel targeted therapies designed to inhibit specific molecules.
Although a patient initially was sensitive to some chemotherapeutic agents, he may also acquire
crossresistance during treatment. The mechanisms of cross-resistance are complicated and may be different
from the single drug resistance. According to incomplete statistics, above 80% of patients with metastatic

cancer were acquired single or multiple drug resistance.

Drug resistance directly causes treatment failure in cancer disease especially in metastatic tumor. [16]
Tumor resistance to anticancer drug is a major clinical phenomenon. Several mechanisms involve in
anticancer resistance, including an increase in drug efflux, alteration or mutation of drug targets, drug
detoxification and inactivation, impact on apoptosis, interference with DNA replication and other ways.
Cancer cell resistance to chemotherapy could occur at a lot of molecular levels. The overcome of drug
resistance could impact on survival of patients with cancer. This review shows the application of molecule
targeted therapy in cancer treatment. A particular focus is on the mechanism of tumor resistance to

anticancer drugs. The premise of targeted therapy in oncology is inhibiting the biological pathways of tumor
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cells. Here, we also provide an overview of these potential resistance mechanisms that can facilitate further

improvement of anticancer.

MOLECULAR TARGETED THERAPY IN ANTICANCER:

Researchers have developed anticancer drugs with a higher precision of molecular targeting. The cellular
targets are genetically altered in cancer cells and are essential to tumor development and survival.
Oncoprotein or oncogenes targets, which are mainly involved in various signaling pathways, are primarily

products of gene fusions, obtained or functional mutations or overexpressed oncogenes.

Molecular Targeted Therapy For HER2 Positive Breast Cancer:
Apart from lung cancer, death rate of breast cancer among women in the world is higher than that of

other cancers. Human epidermal receptor 2 (HER2) positive breast cancer (HER2+ BC) belongs to a
subtype of breast cancer with HER2 gene amplification and HER2 protein over expression, and
accounts for about 25% of all breast cancers. [17] HER2-containing heterodimers are capable of
activating both of the key signaling pathways: the cell proliferative [18], RAS/Raf/MAPK pathway and
the cell survival PI3K/Akt paBreast cancers are divided into four subtypes: luminal A (Estrogen
Receptor (ER)+, Progestogen Recep- tor (PR)+, HER2 and Ki67 (which is asproliferation marker)
<14%), luminal B (ER+,PR+, HER2 and Ki67 14% or ER+, PR+, HER2+), HER2 positive breast
cancer (HER2+, ER and PR) and basal-like (ER, PR and HERZ2). [19] Due to these complex subtypes,
it is a chal- lenge to diagnose and cure different molecular subtypes of breast cancers. For the treatment
of HER2+ BC, HER2 targeted therapeutic methods are divided into monoclonal antibodies, small
molecule tyrosine kinase inhibitors (TKIs), antibody—drug conjugates (ADC) and other anti-HER2
agents.

Trastuzumab (Herceptin, Genetech) and pertuzumab (Perjeta, Genetech) are the first FDA approved
monoclonal antibody agents that are specific for tyrosine kinase. Lapatinib (Tykerb, GlaxoSmithKline)
is the second FDA approved HER?2 targeted agent, which is a small molecule TKIs. Neratinib (HKI-
272, Puma Biotechnology) and Afatinib (BIBW-2992, Boehrin- ger Ingelheim) are another two dual
TKIs. Trastuzumab—emtansine (T-DM1, Genetech) is an antibody drug conjugate combining an anti-
microtubule cytotoxic chemical agent with trastuzumab. Combination therapies are often adopted by
clinical practice to achieve higher synergistic response. Trastuzumab is often com- bined with
pertuzumab or lapatinib, and the combination of anti- body drug conjugate with anti-HER2 agents.
Perez EA et al. [20] demonstrated that antibody-drug conjugate trastuzumab encour- aged efficacy and
safety in a phase Il study of patients with previ- ously untreated HER2-positive metastatic breast
cancer. Combination T-DM1 and pertuzumab showed an acceptable safety profile in a phase Ib and II
study. Welslau M et al. [21] supported the concept that T-DML1 has greater efficacy and tolerability
than cape- citabine plus lapatinib, which may translate into improvements in health-related quality of
life.
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Molecular Targeted Therapy For EGFR-Mutated Non-Small Cell Lung Cancer:

Non-small cell lung cancer (NSCLC) accounts for 85% of all lung cancers. NSCLC is frequently
diagnosed at a late stage and has a high mortality rate. Genetic mutations in DNA found in the serum
of patients with NSCLC were first observed in 1998. The ErbB fam- ily of tyrosine kinases includes
epidermal growth factor receptor (EGFR), HER2, ErbB3 and ErbB4. Dysregulation of these tyrosine
kinases and their downstream PISK/AKT pathway is implicated in cancer cell metastasis, proliferation
and angiogenesis. EGFR signal- ing is triggered by the binding of growth factors, such as epidermal
growth factor (EGF), resulting in the dimerization of EGFR molecules or hetero dimerization with
other closely receptors (e.g. HER2/neu). Autophosphorylation and transphosphorylation of the
receptors through their tyrosine kinase domains cause the recruitment of downstream effectors and the
activation of proliferative and cell-survival signals. [22] Exon 19 deletion (Del19) and exon 21
Leu858Arg substitution (L858R) account for 90% of EGFR mutations as common mutations.
Although activating EGFR mutations occur in only 1-3% of patients with NSCLC, the ErbB
family still represents a rational therapeutic target. EGFR-TKIs are used for the first-line treatment
of advanced NSCLC and activating EGFR mutations. Patients with EGFRm+ could achieve good
responses to the treatment with the first-generation EGFR-TKIs, such as erlotinib and gefitinib.
The use of EGFR-TKIs was associated with dramatic, durable, and tol- erable responses and side
effect profiles when applied to the pal- liation of advanced EGFRm+ NSCLC. [23] However,
despite initial benefit, the majority of patients treated with an EGFR-TKI devel- oped resistance to
therapy within about 12 months, approxi- mately 50% of patients due to a second-site mutation,
the T790M mutation occurring within exon 20. [24] Clinical trials have shown that EGFR-TKIs
did not improve the survival of patients with EGFRm+ NSCLC because of the high crossover of
treatments. Zhao et al. [25] put forward that EGFR-TKI therapy was an indepen- dently prognostic
factor for NSCLC with mutated EGFR. A more effective therapy was needed for patients with
wild-type EGFR. Gefitinib targeted the ATP cleft within the tyrosine kinase, which was
overexpressed in 40 to 80 percent of NSCLC and many other epithelial cancers. [26]

Molecular Targeted Therapy For FLT3-1TD Mutation In Acute Myeloid Leukemia:

Acute myeloid leukemia (AML) has achieved a high prevalence of complete remission (CR) with the
gold standard for induction chemotherapy using daunorubicin and cytarabine. However, 20— 30%
AML patients harbor an internal tandem duplication mutation of the FMS-like tyrosine kinase
receptor (FLT3-ITD mutation). [27] FLT3 is a proto-oncogene involved in crucial steps of
haematopoi- esis such as proliferation, differentiation and survival. FLT3 muta- tions have been
associated with the clinical prognosis, treatment and survival of patients. The most common form of
FLT3 mutation is internal tandem duplication (ITD) that promotes ligand- independent auto-
phosphorylation and constitutive activation of the receptor. [28] The CR rate was lower and the

overall and disease-free survival was shorter than those of non-FLT3-ITD AML patients. [29]
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Homoharringtonine (HHT) was a natural alkaloid and used in China for the treatment of
hematological diseases for the past 30 years. It may work in the way of inhibiting protein syn- thesis
by preventing the initial elongation step of protein synthesis via an interaction with the ribosomal A-
site and by reducing p-elF4E levels.

This leaded to a rapid loss of proteins with short half-lives such as c-Myc, Mcl-1 and CyclinD1. HHT
has been reported to act against AML, MDS and CML cells. In an open- label, randomized, controlled
phase III study performed by Xia Li’s group, [30] with the homoharringtonine-based induction regi-
men HAA (homoharringtonine, cytarabine and aclarubicin), it showed 73% of patients (150/206) with
AML (non-acute promyelo- cytic leukemia (APL)) achieved CR, which was significantly higher than
that in the DA (daunorubicin and cytarabine) group (61%, 125/205). Also, 40 FLT3-ITD mutant
patients were included and the HAA regimen showed good curative effect of treatment. Recently, as
reported by Xu G et al., [31] sorafenib in combination with low-dose homoharringtonine as a salvage
therapy was suc- cessfully administrated and obtained CR in primary refractory FLT3-1TD mutant
AML. In conclusion, regimen including HHT has been used as an alternative valid front line
chemotherapy for AML in China. Pillinger G et al. and Wu H et al. found ibrutinib was particularly
effective in inhibiting FLT3-ITD mutant AML cell survival. [32,33] They have confirmed that
ibrutinib blocks the FLT3 mutation signaling pathway and inhibits the expression of STAT5, ERK,
AKT, and C-Myc to suppress FLT3-ITD mutant.

Molecular targeted therapy for VEGF and mTOR pathway in renal cell carcinoma:

Renal cell carcinoma (RCC) is the seventh most common cancer in men and the ninth most common
in women and accounts for 2-3% of all malignant diseases in adults. In the treatment of patients with
RCC, partial nephrectomy for small tumors and radical nephrectomy for large tumors were the gold-
standard treatments. The standard of care for RCC has evolved rapidly with the approval of six
targeted therapies by the US FDA and European Medicines Agency since 2006. One of most
important treatments is aimed to block the activity of vascular endothelial growth factor (VEGF),
which is also a major tumor growth factor for RCC. The TKIs (sorafenib, sunitinib, and pazopanib)
and anti-VEGF antibody bevacizumab are commonly used drugs that have a direct effect on the
VEGF pathway. mTOR inhibitors (Temsirolimus and everoli- mus) are also used in clinic. [34]
Regulation of the activation of the mammalian target of rapa- mycin (mTOR) pathway was mediated
through a series of complex signaling interactions that linked growth factor receptor signaling (e.g.
activation of the Akt/protein kinase-B pathway and phosphoinositide-3 kinase activation).
Temsirolimus showed anti-tumor activity in a phase Il trial in patients with treatment- refractory
metastatic RCC that seemed pronounced in a retrospec- tive analysis of a poor-risk subset of patients.
VEGF and mTOR pathways have been established to be the relevant therapeutic targets based on the
underlying molecular biology of RCC. [35] Sunitinib-treated patients had a longer median overall

survival for interferon-treated patients. Of note, several patients who were randomly assigned to
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interferon received sunitinib or other active targeted treatment, or both, on disease progression,

probably under powering this trial to detect a difference in overall survival. The very high median
numbers noted for overall survival in this trial in comparison with historical controls support that
targeted treatment has extended the lives of patients with metastatic RCC. Sunitinib has emerged as a

front-line standard of care in metastatic RCC. [36]

Molecular targeted therapy for VEGFR in hepatocellular carcinoma:

Hepatocellular carcinoma (HCC) is the third most common cause of cancer-related deaths
accounting for approximately 80% of primary liver cancer cases and usually develops as a conse-
guence of underlying liver disease. The majority of HCC is diag- nosed at an advanced stage of
disease and is not a candidate for surgical interventions. VEGF is the primary stimulus for tumor
angiogenesis and an endogenous cytokine that induces capillary endothelial cell proliferation.
VEGF binds to vascular endothelial growth factor receptor (VEGFR) and promotes cell
proliferation and angiogenesis by activating the MAPK pathway (also known as
Ras/Raf/MEK/ERK pathway). FGF2 is a potent angiogenic factor in HCC and can augment VEGF-
mediated HCC angiogenesis. It may evade resistance to VEGFR modulating agents. [37] Sorafenib
(Nexavar; Whippany, NJ), the only approved agent, is the inhibitor of platelet-derived growth factor
receptor (PDGFR) and VEGFR. [38] It was showed to be the first effective antiangiogenic therapy
for advanced RCC and HCC. Sorafenib induces tumor cell proliferation and tumor angiogenesis by
inhibiting the Raf/MEK/ extracellular signal-regulated kinase pathway. It also inhibits intracellular
Raf kinase (Raf-1) to target the MAPK signal transduc- tion pathway. Dovitinib is a potent inhibitor
of VEGFRs, FGFRs, and PDGFRDb, which are related to antitumor activity such as antiproliferative
and antiangiogenic effects. Preliminary efficacy for dovitinib has been also reported in patients
with metastatic melanoma, metastatic RCC, breast cancer, and acute myeloid leukemia. Cheng AL
et al. [38] demonstrated antitumor activity of dovitinib was superior to that of sorafenib and
antiangiogenic effects that correlated with FGFR, PDGFRb, and VEGFR2 signaling pathway

activation.

Mechanisms of anticancer drug resistance:

Tumor resistance to anticancer drug was a well-known clinical phenomenon that was yielding its
secrets to investigation at the molecular level. It was important to validate the important
mechanisms from the resistance situation of the patient. Several mechanisms involved in resistance

to anticancer drug, including an increase in drug efflux, alteration or mutation of drug targets, drug
detoxification and inactivation, impact on apoptosis, interference with DNA replication and many
other ways.

Expression of drug efflux pumps:

One of the main causes for the failure of cancer therapy was multidrug resistance (MDR). MDR occurred at

the beginning of the treatment or during treatment when cells resist to the treatment. One of the mechanisms
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was the increased expression of drug efflux pumps, such as P-glycoprotein (P-gp). [39,40] P-gp was one of

the ATP-binding cassette (ABC) transporters and was encoded by the MDR1 (ABCB1) gene. [41] A

previous study has revealed that over 96% of cells expressed P-gp in colorectal cancer. P-gp serves an
important role in the generation and maintenance of colorectal cancer drug resistance. [42] P-gp became a
target of several studies to identify novel compounds to counteract MDR. Wang S et al. [43] reported MRP1
acted as an efflux pump, which rapidly extruded various anticancer drugs from the targeted cancer cells.
Azzariti A et al. [44] suggested that both Gefitinib and Vandetanib may act as inhibitors of P-gp and
transported substrates for Breast Cancer Resistance Protein (BCRP, ABCG2). Short periods of exposure to
TKIs could provide insights into the nature of the binding to MDR-related proteins, either as inhibitors or as
substrates, The analysis of exposure periods was needed in order to optimize future development in
combination with established chemotherapeutic approaches.

It has also been reported [45] that aberrantly regulated Wnt/beta-catenin and Notchl signaling in carcinoma
stem cells (CSCs) were involved in MDR. The MDR properties of CSC were due to the overexpression of
the ABC transporter protein ABC sub-family G member 2 (ABCGZ2), which acted as a drug efflux pump for
DNA-targeting drugs. Some researchers also studied the mechanisms responsible for the onset of resistance
to drug therapy by EGFR inhibitors such as TKIs. Among ABC transporters involved in MDR, P-gp and
BCRP have been considered as the pumps responsible for TKIs treatment failure, including gefitinib and
erlotinib. Moreover, two subtypes of EGFR mutations have been described: mutations of the exons coding
for tyrosine kinase domain (18 to 21) and truncating mutations (exons 2 to 7) that involved downstream
effectors such as MAPK, PI3K/Akt and STAT. The first group of mutations could be considered as a
hallmark of NSCLC and were responsible for the failure of TKIs while the second group of mutations led to
resistance. [46] Galetti M et al. [47] indicated that gefitinib inhibited ABCG2 activity in lung cancer cells
and ABCG2 silencing or overexpression affects intracellular gefitinib content by modulating the uptake
rather than the efflux. Overexpression of ABCG2 affected the expression of a number of drug transporters,

altering the functional activities of nutrient and drug transport systems.

Alteration or mutation of drug targets:

Drug resistance in anticancer therapy could be greatly affected in the molecular level of drug targets.
Generally, the mutations of functional targets or some alterations of expression levels dramatically
influenced drug resistance. Recently, new anticancer drugs that targeted oncogenic signaling pathways have
been developed. Two representative examples of such drugs were cetuximab and panitumumab, two
monoclonal antibodies (moAbs) against the EGFR, which have been proven to be effective for patients with
RAS wild type (RAS-WT) metastatic colorectal cancer (MCRC). However, a large part of unselected mCRC
patients were not benefit from but resistant to the anti-EGFR therapy. It suggested that the primary
resistance to anti-EGFR therapy is common in CRC. [48] Trastuzumab, a recombinant anti-HER2 agent,
was the first biological drug approved and remained the gold standard for the treatment of HER2+ BC.

Though many studies have proved the satisfactory therapeutic efficacy of trastuzumab, some HER2+ BC
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patients showed intrinsic or acquired resistance to it. [49,50] Resistance mechanisms to trastuzumab develop

often as a result of HER2 gene amplification or protein overexpression. The increased PI13K signaling and
the presence of alternative forms of HER2 are not detected by trastuzumab. [51] The modulation of Cdk
inhibitor p27 by insulin-like-growth-factor 1 (IGF-1) may be a key player in resistance to trastuzumab as
overexpressed IGF-1 is responsible for the activation of the PI3K downstream signaling pathway and further
effects on Akt. The specific mutations in the EGFR gene of NSCLC are correlated with clinical
responsiveness to the TKI gefitinib. These mutations lead to the increase of growth factor signaling and
susceptibility to the inhibitor. Such mutations in NSCLC lead to the good response to cetuximab and
panitumumab that could bind to the extracellular domain of EGFR. Among the downstream pathways, the
RAS RAF-MAPK, PI3K-PTEN-AKT, and JAK/STAT pathways have also been implicated in the resistance
mechanisms against antibody-mediated EGFR inhibition. [52] Any alterations or mutations in their
components, such as KRAS, NRAS, BRAF, and PIK3CA gene, can influence the activation of EGFR and
lead to drug resistance. Recently, the third-generation EGFR inhibitors, such as osimertinib, rociletinib and
olmutinib were developed in targeting T790M. These mutant-selective EGFR-TKIs expressed a good effect
in overcoming T790M-mediated resistance in patients with NSCLC. [53]

Drug detoxification and inactivation:
Tumor resistance may be present at the beginning of treatment, develop during treatment, or become

apparent on re-treatment of the patient. The mechanisms involved are usually inferred from experiments of
Di Nicolantonio F et al. [54] Clonal selection in this process was that cell lines produced highly resistant
sub-clones on the low concentrations of drugs exposure. However, cells may be able to adapt by regulation
of expression of resistance or target molecules individually if they survived the initial exposure to the drug
and did not require clonal selection. This required changes in molecular levels such as epigenetic change
and mutation mechanisms. Glutathione S-transferase (GST) was important for the development of drug
resistance via direct detoxification. It may decrease the concentration of anticancer drugs via the glutathione
(GSH)-conjugate export pump and special emphasis has been put on the function of GSTs in Phase Il
detoxification. [55] Drozd E et al. [56] indicated that expression of GSTM1 and GSTA1-3 genes was up-
regulated by doxorubicin treatment and suggested that activity of these genes may be associated with drug

resistance.

It has been shown that cancer cells could develop cisplatin resistance through enhancing the drug
detoxification system by elevating the levels of intracellular scavengers such as GSH in treatment in
ovarian, testicular, cervical cancer and other cancer types. The detoxification of cisplatin by its interaction
with GSH may be catalyzed by GST. [57] Other GSH-related enzymes may be also important in this
resistance process. In the research of Khalil et al., [58] they showed that Nuclear erythroid related factor-2
(NRF2) was known to promote cancer therapeutic detoxification and crosstalk with growth-promoting
pathways. Here they reported HER2 targeting by antibodies (eg. Trastuzumab and Pertuzumab) inhibited

growth in association with persistent generation of reactive oxygen species (ROS), GSH depletion,
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reduction in NRF2 levels and inhibition of NRF2 function in ovarian cancer cell lines. Several therapeutic

strategies such as anticancer chemotherapy largely depended on ROS generation to induce cytotoxicity.
Hyperactivation of NRF2 dependent AR pathway would attenuate the potency of such agents.

Impact on apoptosis:

The suppression of apoptosis is one mechanism by which tumor cells become drug resistant. Why cytotoxic
drugs fail to kill sufficient tumor cells in the major human solid cancers, such as the carcinomas, was
suggested to be due to the inherent inability of these cells to engage apoptosis after drug-induced damage.
[59,60] Drug resistance mediated by anti-apoptosis is also a key MDR mechanism. B-cell
leukemia/lymphoma-2 (BCL-2) was considered to be one of the primary anti-apoptotic proteins. The BCL-2
family of proteins regulated cell fate by controlling the mitochondrial apoptotic pathway. When activated,
the pro-apoptotic members Bak and Bax could form high molecular weight oligomers on the mitochondrial
membrane, which promoted dissipation of mitochondrial membrane potential and allowed the release of
cytochrome to the cytoplasm and consequently activating the caspases. In turn, the pro-survival members,
such as Bclxl, Bcl2, and Mcl-1, binded Bak and Bax and prevented their activation and oligomerization.
Thus, this family of proteins served as rheostats for mitochondrial membrane stability and is critical in the

cell’s life or death decisions.

Indeed a significant amount of research was underway in developing therapeutic modalities that targeted
these proteins in apoptotic pathway. [61] The data from Taylor ST et al. [62] demonstrated that JLP119 B
lymphoma cells underwent apoptosis after the exposure to the topisomerase Il inhibitor etoposide and this
was dramatically reduced when the cells were cultured in the germinal centre (GC) system. They thought
that combined effects of three microenvironmental signals on the Bcl-2 family illustrated the potential
importance of such signaling pathways in drug resistance. Chresta CM et al. [63] reported that 60%-70% of
bladder carcinomas had mutant p53 and this could prevent the response to the topoisomerase Il poison
etoposide. Lines with mutant or non-functional p53 low showed the constitutive expression of bcl-2 and bcl-
XL with low and non-inducible levels of bax. Guo P et al. observed that changes of intracellular ROS levels
may secondarily regulate the expression of Bcl-2, Bax and P-gp, affecting apoptosis and drug resistance.
[41] Cardenas C et al. observed chemoresistant EOC stem cells expressed higher levels of the pro-apoptotic
members Bak and Bax compared to the chemosensitive CD44/MyD88 EOC cells. [61]

Interference with DNA replication:

On the stress of DNA damage of cancer cells by chemotherapeutic agents, cancer could make changes in
some genes to produce the mutator phenotype. The obtaining of further mutations could repair DNA
damage to make resistance to drug agents. Irinotecan promoted cancer cell death by interfering with the
topoisomerase type 1b enzyme (TOP1) on DNA, generating cytotoxic proteinlinked DNA breaks (PDBSs).

Meisenberg et al. [64] reported that the resistance is neither due to the downregulation of the main cellular
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target of irinotecan TOP1 nor the upregulation of the key TOP1 protein-linked DNA breaks (PDBs) repair

factor tyrosyl DNA phosphodiesterase 1 (TDP1). Instead, the faster repair of PDBs underlies the resistance,
which was associated with chromatin acetylation landscape, in particular H4K16ac. CRC cells with histone
deacetylase (HDAC) inhibitors could effectively overcome resistance in subsequent treatment of irinotecan-
resistant. [64] PARP or HDAC inhibitors were already approved by FDA and should be examined the
efficacy in both irinotecan responsive and non-responsive patients.

Topoisomerase-11 (Topo-1l) was the primary target for various anticarcinogens (e.g. anthracyclines,
epipodophy and amsacrine). Through forming drug-Topo-1l complexes in cancer cells, these agents
promoted DNA strand breaks and affected DNA replication. Decreased sensitivity and activity of Topo-II
were important in the development of drug resistance. [43] DNA damage repair played a vital role in drug
resistance, especially resistance to Poly (ADPribose) polymerase (PARP) inhibitors in the clinic. The DNA
repair proteins, Breast cancer gene 1 (BRCA1), BRCA2 and RecA homolog were client proteins of heat
shock protein 90. Clearance of these proteins by inhibition of Hsp90 was an effective method for
overcoming drug resistance to PARP inhibitors. [65] Provided a novel strategy for the treatment of breast
cancer with wild type BRCA1 using the combination therapy targeting Hsp90 to overcome resistance to
PARP inhibitors.

CONCLUSION:

The molecular diagnostics of cancer rapidly developed in recent years. Molecular targeted anticancer drugs
make effect on the basis of their high precision in the treatment of cancer disease. The novel treatment
agents of targeted immunotherapy always contain the most cancer subtypes. The cellular signaling targets
are important and essential to tumor proliferation, survival and development and are genetically altered in
cancer cells. Targeted treatment represents a promising therapeutic approach for patients with diverse
cancers. Mechanisms of chemotherapeutics drug resistance are complex in many fields and cannot be easily
solved in clinic. For example, even though numerous studies have been conducted to explore resistance
mechanisms to EGFR blockade, it seemed that several biomarkers and pathways were involved in the
development of resistance to anti-EGFR therapy. New drugs that aim to a single target still have great
limitations in the treatment of cancer. As a result, drug resistance may therefore arise rapidly following
treatment with targeted treatment therapy. MDR may occur due to variation in the expression levels of
MDR protein. On the basis of individual markers or tumor type alone, adaptation to treatment agents may be
explained that why prediction of resistance mechanisms is difficult. It suggests that more complex
predictive methods are required to improve the response rates to targeted therapy. Our understanding of the
cellular mechanisms underlying death and survival has allowed the development of rational approaches to
overcome drug resistance. It is also believed that more factors regulating and controlling the expression of

the targeted drug resistance genes will be discovered in the future.
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