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Despite dramatic progress in cancer research, cancer
remains a major cause of death globally. Statistics provided
by The International Agency for Research on Cancer, an
external research organization of the World Health Orga-
nization, for 20 world regions suggested 18.1 million new
cases of cancer and 9.6 million deaths due to cancer in
2018 [1].
On the other hand, the age-standardized rate of cancer
mortality is declining because of advances in diagnostic
technology and treatment methods in the West, Korea, and
Japan (https://www-dep.iarc.fr/WHOdb/WHOdb.htm). One
of the reasons for this is that cancer genome information has
significantly increased the response rate of molecular tar-
geted therapeutic agents for cancer.

Chemotherapy was introduced 70 years ago, but early
anticancer drugs were cytotoxic compounds targeting fast-
growing cancer cells. Sarkomycin, isolated by Umezawa
from the cultured broth of a Streptomyces strain in 1953,
was the world’s first antitumor drug [2]. Unfortunately,
sarkomycin never reached clinical application, but since
then cytotoxic antitumor drugs have been actively devel-
oped. Numerous studies on the discovery, structure deter-
mination, organic synthesis, and mode of action of
cytotoxic antitumor drugs derived from microorganisms
have been published in this journal.

Cytotoxic antitumor drugs exert their antitumor activity
by inhibiting DNA synthesis and cell division in cancer
cells. However, these mechanisms of action also act on
normal cells. These drugs therefore have low selectivity for
cancer cells, and their side effects on normal tissues were a
major concern. The development of new types of anticancer
agents was thus warranted.

In the 1980s, oncogenes were cloned in a continuing
series, and as molecular cell biology developed, the func-
tions of oncogene products and their related signal-
transduction pathways were elucidated. This led to the
development of a new type of selective, less toxic antitumor
drug, now referred to as molecular targeted therapeutic
agents, targeting oncogenes or their associated signaling
pathways. Notably, microbial secondary metabolites have
again contributed significantly to the development of
these drugs.

Many oncogenes possess tyrosine kinase activity, and
inhibitors of this activity were therefore expected to form
the basis of a new type of anticancer drug. In the mid-1980s,
the tyrosine kinase inhibitors herbimycin A [3, 4], erbstatin
[5, 6], and genistein [7] were discovered in Japan, ahead of
the rest of the world. All of these compounds were isolated
from cultured microbial broths. In response, various tyr-
osine kinase inhibitors were developed based on the struc-
tures of these compounds, and after that various
improvements were made to these inhibitors [8, 9]. As a
result, as early as 2000, the tyrosine kinase inhibitors ima-
tinib (Gleevec) [10] and gefitinib (Iressa) [11] were clini-
cally used as the first molecular targeted therapeutic agents.

The contribution of microbial secondary metabolites to
the early stages of development of molecular targeted
therapeutic drugs for cancer is not limited to tyrosine kinase
inhibitors. For example, inhibitors of histone deacetylase
(HDAC) are currently attracting attention as agents of epi-
genetic control, but pioneering research on HDAC inhibi-
tors was conducted in the mid-1980s with trichostatin A.
Trichostatin A was originally isolated from actinomycete
cultured broth as antifungal antibiotics [12], Yoshida, later
discovered its HDAC inhibitory activity [13, 14]. Vorino-
stat (Zolinza) [15], synthesized based on the structural
characteristics of trichostatin A, was approved in the United
States in 2006 for the treatment of skin and peripheral T-cell
lymphoma. Romidepsin (Istodax) [16], which is currently
used clinically, is another HDAC inhibitor that is produced
by a microorganism.
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Another example of microbial secondary metabolites that
contributed to molecular targeted therapy for cancer is pro-
teasome inhibitors. The first reported proteasome inhibitor was
the microbial secondary metabolite lactacystin [17]. Three
types of proteasome inhibitor are currently used to treat mul-
tiple myeloma (for example, bortezomib [Velcade] [18]), and
research using lactacystin conducted in the mid-1990s con-
tributed significantly to the development of these drugs [19].

Since then, our increasing knowledge of the structural
diversity and range of physiological activities of microbial
secondary metabolites has greatly contributed to the develop-
ment of molecular targeted therapeutic agents by providing
information on target molecules and lead compounds.

This special issue compiles recent chemical biology
research on microbial secondary metabolites that target the
molecules and signal transduction systems responsible for
tumor malignancy.
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