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Some Problems of Vaccination Campaigns
in Developing Countries
Chengjun Sun, PhD*
School of Management and Economics, Kunming University of Science and Technology, 253
Xuefu Road, Kunming, Yunnan 650093, China

Vaccination offers the most cost-effective approach to prevent and control infectious
diseases in the history of mankind.1 The English physician Edward Jenner introduced smallpox
vaccine in 1798. It is the first successful vaccine to be developed. Since then a series of vaccines have been developed and come into use; for example, the influenza vaccine, the hepatitis
B vaccine, and the polio vaccine. The World Health Organization (WHO) reports that licensed
vaccines are currently available to successfully combat against twenty-five infections.2
Recently the potential epidemics of two infectious diseases have stepped into the spotlight: diphtheria resurgence in Denmark3 and swine flu (H1N1) outbreak in Ukraine.4 Danish
authorities announced in this January that unvaccinated refugees have brought deadly diphtheria into the country after 20-year absence. For other European countries, it was reported
that asylum seeker have also been found to carry tuberculosis and malaria. Flu activity most
commonly peaks in the northern hemisphere between December and February. In Ukraine, the
H1N1 influenza virus has killed more than 50 people in this January so far, and moreover, the
infection cases are growing, and many young people have fallen ill. The virus is approaching,
or might have reached, epidemic levels in parts of the country. Swine flu (H1N1) has caused
deaths in Russia and other former Soviet republics as well such as Armenia and Kazakhstan.
That vaccine-preventable diseases are rampant in developing countries may be induced by the following factors:
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● Many people cannot afford to finance vaccine research or purchase the vaccines such that
they are still not benefiting from vaccination.
● Both doctors and the general population lack a culture of vaccination in developing countries. Before or during an epidemic, the number of physicians suggesting their patients to be
vaccinated is extremely low, and the percentage of those who have actually received their
immunization is practically non-existent. More seriously, people are used to not seeking
treatment until the disease has progressed to a difficult-to-treat stage.
● Anti-vaccination rumors contribute to the seriousness of preventable disease outbreak. In
Eastern Africa and South and West Asia some individuals and media organizations spread
rumors that oral polio vaccine was contaminated with Human Immunodeficiency Virus
(HIV) and anti-fertility drugs. Another rumor says that vaccines cause child autism. Afghanistan and Pakistan account for the vast majority of polio cases globally and are the only
two countries where it remains endemic. Some militant groups prohibit polio vaccinations
and have attacked health workers. They claim that the polio vaccination drive is a front for
espionage or a conspiracy to sterilize Muslims. Some Pakistani parents are against vaccination as well and they believe they are part of a Western plot to sterilize children.5
● Corruption in the health sector can mean the difference between life and death. Poor people
are usually worst affected by graft. Corruption costs lives when fake or adulterated medications are sold to health services. This can lead to the public distrust in health system. As
to fake and/or out-of-date vaccine, in 2009 more than 1,600 people in Guangxi Zhuang
Autonomous Region, China have been injected with fake rabies vaccine and at least one
boy died as a result6; hundreds of children from central Chinese province of Henan suffered
serious health problems after being given out-of-date vaccines in 2014.7
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What is so inspiring is that the Global Alliance for Vaccines and Immunization (GAVI) Alliance, a public-private global
health partnership established in 2000 has been committing to increasing access to immunization in poor countries. GAVI has
raised money for vaccines to save the lives of millions of children every year; United Nations Children’s Fund (UNICEF) is helping
countries with the training of health workers and helping governments set up the systems around communicating with parents and
caretakers so that they understand why it is important to immunize their kids, and what they can expect from these vaccines; in addition, The WHO, UNICEF, The World Bank and other agencies and officials are stopping vaccine rumors by combating fear with
knowledge and evidence, not with coercion.
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The ongoing outbreak of Ebola Virus Disease (EVD) in West Africa is the largest
outbreak ever recorded with a total number of 28,602 confirmed, probable, or suspected cases
in Guinea, Liberia, and Sierra Leone, including 11,301 reported deaths since December 2013
(as of January 17, 2016).1 A meeting convened by the World Health Organization (WHO) in
September, 2014, concluded that an urgent unmet need exists for efficacy and safety testing of
the EVD vaccine candidates and that clinical trials should be expedited. These vaccines could
be used both in an outbreak setting and to provide long-term protection in populations at risk of
sporadic outbreaks.
A number of vaccines have been evaluated in phase 1 trials including DNA vaccines,
virus-like particles and viral vectors,2 but the two most advanced first-generation Ebola vaccines candidates are the live replicating Vesicular Stomatitis Virus (rVSV) and the replicationdefective chimpanzee adenovirus 3 (ChAd3).
rVSV-ZEBOV

The replication-competent recombinant vesicular stomatitis virus (rVSV)-based vaccine expressing the Glycoprotein (GP) of a Zaire strain of Ebola virus (ZEBOV) is among the
leading Ebola vaccine candidates and has been rapidly progressed to a phase 3 efficacy trial in
Guinea.
A key determinant of VSV pathogenicity is the surface GP which is also the predominant target for immune responses. The rVSV Ebola vaccine (rVSV-ZEBOV) is designed to
exploit this by replacing the VSV-GP with a GP from the Zaire Ebola virus (strain Kikwit-95).
This chimeric design with switching of GPs attenuates the pathogenicity of the virus while allowing the vaccine virus to replicate using the Ebola GP to attach and enter cells.3
The vaccine was developed by the Public Health Agency of Canada, licensed to BioProtection Systems (NewLink Genetics, IA, USA), and most recently sublicensed to Merck,
which is responsible for ongoing research and development.
The rVSV-ZEBOV vaccine has been assessed in eight phase 1 studies in Europe, Africa, and North America; a large phase 2 study (the PREVAIL study, NCT02344407) in Liberia;
and an ongoing phase 3 study in Sierra Leone (the STRIVE study, NCT02378753) and more
than 9000 volunteers have received this vaccine so far.
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Preliminary results from open-label, dose-escalation phase 1 trials and randomized,
double-blind, placebo-controlled phase 1 trials have been reported in April 2015 in The New
England Journal of Medicine.4,5 These trials assessed safety, side-effect profiles, and immunogenicity of rVSV-ZEBOV at various doses in healthy adults in Europe, Africa and US. Participants were injected intramuscularly (IM) with doses of vaccine ranging from 300,000 to 50
million Plaque-Forming Units (PFU) or placebo.
The most common adverse events were injection-site pain, myalgia, and fatigue. Transient VSV viremia was detected within 3 days in most participants receiving 3 million PFU or
more. Fever was observed in up to 35% of vaccinees. At the Geneva trial site where participants
were dosed with 10 million or 50 million PFU of rVSV-ZEBOV, 11/51 participants developed
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arthralgia in the second week after injection.4 Reducing the dose
of rVSV-ZEBOV from 10 million (or greater) to 300,000 PFU
improved its early tolerability but lowered antibody (Ab) responses and did not prevent vaccine-induced arthritis, dermatitis, or vasculitis.5 Thus, although the mechanism of this arthritis
remains unclear, it is likely that local VSV replication may play
a role. It will be critical to confirm the frequency of these side
effects in the large phase 3 efficacy trial being run in Guinea to
enable a more informed evaluation of the risk of live rVSV vaccination.
Regarding the induction of specific Abs, the rVSV-ZEBOV vaccine generated GP-binding Abs in all participants at all
doses (as few as 300,000 PFU may be sufficient), showing its
immunogenicity in humans. In the study undertaken in the US,
Ab titers against the Ebola Zaire GP, at day 28, were higher in
the group receiving 20 million PFU than in the group receiving
3 million PFU.6 These data support continued development of
the rVSV-ZEBOV Ebola vaccine candidate in general and the
selection of a dose of 20 million PFU for phase 2 and 3 trials.
It was noteworthy that despite similar GP-binding Ab
titers between groups administered with doses between 3 million
and 50 million PFU, higher vaccine doses elicited higher titers of
neutralizing Abs to the Ebola Zaire GP. Since the relative roles
of neutralizing and GP-binding Abs in protection against Ebola
virus disease are unknown, it is difficult to conclude whether
higher vaccine doses are required for optimal protection. However, a preliminary comparison of data from Non-Human Primates (NHPs) vaccinated with the same doses (3 million or 20
million PFU) used in the US trials, then subsequently challenged
with Ebola-Kikwit strain virus, showed that survivors had significant pre-challenge IgG-Ab responses against Ebola GP, as
seen in vaccinated human volunteers.5
Further follow up from these studies to determine the
durability of Ab responses is awaited. One important unanswered question is whether rVSV induces any cellular immunity
and how these immune responses correlate with protection.
The Ebola ça Suffit (“Ebola this is enough”) phase 3
trial is currently underway in Guinea to assess the efficacy of
the rVSV-ZEBOV candidate vaccine for the prevention of EVD.
The preliminary report of the Guinea trial, published in August
2015 in The Lancet, reported very encouraging results following
a planned interim analysis.7 The trial tested a ring vaccination
design, a strategy that was borrowed from successful smallpox
eradication efforts in the 1970s; after one patient contracts the
disease, close contacts are identified and those who are eligible
to receive vaccination and can give consent are vaccinated in the
hope of stemming the onward spread of the virus.
The Guinea trial included two arms: one in which adults
who had been in contact with someone infected with Ebola and
their subsequent contacts were vaccinated shortly after the original patient developed Ebola, and a second in which contacts
instead received the vaccine three weeks later (one dose of 20
Vaccin Res Open J
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million PFU, administered IM).
Between April 1, 2015, and July 20, 2015, 7651 people
were included in the planned interim analysis. Four-thousand
one-hundred and twenty-three people were randomly assigned
to immediate vaccination with rVSV-ZEBOV, and 3528 people
were randomly assigned to delayed vaccination. In the immediate vaccination group, there were no cases of Ebola virus disease with symptom onset at least 10 days after randomization,
whereas in the delayed vaccination group there were 16 cases of
EVD. The findings mean that the vaccine provided 100% protection from the virus, though the study’s small size means that the
vaccine’s true protection rate may be slightly lower. The authors
of the paper estimate its true effectiveness at between 75% and
100%. No new cases of EVD were diagnosed in vaccinees from
the immediate or delayed groups from 6 days post-vaccination.
Forty-three serious adverse events were reported; one serious
adverse event was judged to be causally related to vaccination (a
febrile episode which resolved without sequelae).
This study enables some cautious preliminary conclusions and suggests that rVSV confers protection between 6-21
days after vaccination; how much longer vaccine-induced protection lasts is unknown. Vaccine failures within the first 6 days
would suggest that vaccine-induced protection needs at least
a week to reach effective levels and raises some doubt on the
claim that rVSV could work rapidly and provide post exposure
prophylaxis. A non-significant indirect protective effect among
unvaccinated individuals was also observed. The magnitude of
this effect and whether it was mediated through a reduced viral load and transmission remains to be determined. Lastly, this
study offers a unique opportunity to identify vaccine-induced
correlates of protection. In phase 1 trials, the Ab titers induced
by rVSV vaccination reached titers associated with protection
in NHPs only by 28 days post vaccination,8 implying that the
Ab titer required for protection of humans against naturally acquired infection is likely lower than that required for protection
of NHPs against controlled challenge.
In the wake of the trial results, the WHO has decided
that the rVSV-ZEBOV vaccine will continue to be used in the
outbreak in Guinea as part of the clinical trial. A combined phase
2 and phase 3 clinical trial designed to assess the safety of the
rVSV-ZEBOV candidate (20 million PFU) is being conducted in
Sierra Leone (STRIVE: Sierra Leone Trial to Introduce a Vaccine against Ebola).
rVSV-ZEBOV remains a ‘first-generation’ vaccine
that is not ideal for stockpiling: it must be stored at -80 °C and
only protects against a limited number of species of the Ebola
virus. Gavi, the vaccine alliance in Geneva, Switzerland, will
work with researchers and industry to support the development
of second-generation Ebola vaccines that target other Ebola virus species, as well as the closely related Marburg virus, and
which do not require storage in expensive, laboratory-grade
freezers. Gavi has signed an advance purchase agreement with
Merck that gives the drug company $5 million to develop the
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rVSV-ZEBOV-GP Ebola Zaire vaccine. The agreement is based
on the understanding that 300,000 doses of the vaccine will be
available for clinical trials or emergency use by May 2016 and
that the vaccine will be submitted for full licensure by the end of
2017.9
ChAd3-ZEBOV

The monovalent, replication-deficient, chimpanzee adenovirus type-3 vector-based Ebola Zaire vaccine (ChAd3-ZEBOV, also known as ChAd3-EBO-Z or cAd3-ZEBOV) encoding the Ebola GP from the Zaire strain has undergone extensive
preclinical development and is now among the leading Ebola
vaccine candidates. The original clinical-development plan for
this Ebola vaccine, primarily for biodefense, included the use
of a bivalent vaccine formulation of Zaire and Sudan strains10
that would use both ChAd3 and Modified Vaccinia virus Ankara
(MVA) viral vectors. The ChAd3 vaccine encoding just the Zaire
strain appeared to be a potentially advantageous monovalent formulation for outbreak control on the basis of efficacy data in
macaques and was thus selected for phase 1 clinical testing.
The ChAd3-ZEBOV was developed by the Vaccine
Research Center (VRC) of the National Institute of Allergy and
Infectious Diseases (NIAID) in collaboration with Okairos (now
a division of GlaxoSmithKline).11
The ChAd3-ZEBOV had already been manufactured
to clinical grade at the time of the acceleration of the EVD
outbreak in early August 2014. These events provided the opportunity to design a rapid clinical development program that
could lead to deployment of the vaccine. In September 2014,
two phase 1 clinical trials began and have reported preliminary
results on the use of a single dose of ChAd3. The dose-escalation
clinical trial, called VRC 207, was performed in the US (conducted at the National Institutes of Health – NIH), to determine
the safety, side-effect profile, and immunogenicity of the bivalent vaccine that included ChAd3-EBO glycoprotein Zaire and
ChAd3-EBO glycoprotein Sudan, in a 1:1 ratio.10 A total of 20
participants were enrolled and vaccinated with a single dose of
vaccine administered IM at a dose of 2×1010 particle units (pu)
or 2×1011 pu. This bivalent vaccine was well tolerated with selfresolving mild to moderate side effects. As expected, the higher
dose induced significantly higher magnitude of Abs and T-cells
compared with the lower dose, with responses peaking 4 weeks
after vaccination. The authors found that Ab titers in individuals
vaccinated with the higher dose were within the range associated
with protection in NHP models.11,12
The second phase 1 clinical trial, called EBL01, began
in the UK at the Jenner Institute (University of Oxford). EBL01
was a dose-escalation, open-label study assessing the safety and
immunogenicity of the monovalent ChAd3-ZEBOV.13 Three
dose-specific groups of 20 volunteers each were recruited for
the trial and were assigned to receive the ChAd3 vaccine as a
single IM injection: 1×1010 pu, 2.5×1010 pu or 5×1010 pu.
Vaccin Res Open J
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The safety profile was similar to that observed in the
US study, with no vaccine-related serious adverse event at any
of the dose levels studied (fever developed in 2 of the 59 participants who were evaluated).
Ab responses were higher at 4 weeks in the high-dose
group. However, in contrast to the US study, GP-specific Ab titers were lower than those induced in macaques protected by the
same vaccine. At the vaccine doses tested, T-cell responses were
detected (more CD4+ than CD8+ T-cell responses according to
the secretion of IFN-γ, IL-2, or TNF-α) and peaked at 14 days
rather than 28 days as observed in the US study.
Between October 24, 2014, and June 22, 2015, a third
phase 1/2a trial evaluating safety and immunogenicity of ChAd3ZEBOV was performed at the Centre Hospitalier Universitaire
Vaudois, Lausanne, Switzerland (trial number NCT02289027).14
In this randomized, double-blind, placebo-controlled, dose-finding trial, participants received a single IM dose of low-dose vaccine (2.5×1010 pu), high-dose vaccine (5×1010 pu) or placebo.
A sample size of 100 vaccinated participants was calculated to achieve a total of 250 vaccinated participants, taking
into account all three concurrent phase 1 trials of the ChAd3ZEBOV vaccine (Lausanne, Oxford, and Mali). This sample
size was expected to produce reliable data for the incidence of
frequent adverse events.14 Although the safety data were roughly
similar to those reported in the Oxford trial, with headache, fatigue, and malaise being the most common adverse events, the
frequency of adverse events was higher in the Lausanne study.
Only 5% (n=2) of participants had objective fever in the Oxford study, compared with 28% of participants in the Lausanne
study. Overall, the ChAd3-ZEBOV was safe and well tolerated,
although mild to moderate systemic adverse events were common. All vaccine recipients had humoral immune responses that
peaked at day 28, and then decreased by about half 6 months
after vaccination but still significantly present.
The Lausanne trial was the only one that was placebocontrolled, allowing for the most accurate assessment of safety
and reactogenicity. Among all Ebola vaccine trials, this is the
only one that has so far reported safety and immunogenicity results up to 6 months after injection, which provides some insight
into the value of the vaccine over the course of an epidemic.
When compared with results of the rVSV-vectored Ebola vaccine at 20 million or 50 million PFU, the safety profile of the
ChAd3-ZEBOV at doses of 1010 pu is slightly better, but the humoral responses 1 month after injection are slightly lower. In
view of the good safety profile of ChAd3-ZEBOV at doses of
1010 pu in the present trial, the authors state that the 1011 pu dose
would seem appropriate to use when proceeding to phase 2 and
3 trials in Africa as planned, especially because the few available safety data with ChAd3-ZEBOV at 1011 pu show an acceptable adverse events profile and, more importantly, similar Ab
responses, as those obtained with the 20 million PFU dose of the
rVSV-ZEBOV. Assuming that the anti-GP antibody concentration is correlated with protection, the promising efficacy results
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reported in the preliminary report of the rVSV-vectored vaccine
in the phase 3 trial in Guinea could also be obtained with the
ChAd3-ZEBOV vaccine at a dose of 1011 pu. The persistence of
Abs at month 6, although at a reduced concentration, might suggest that some protection remains. However, this theory needs to
be confirmed in a thorough phase 3 trials. Detailed correlation
of immunological data and protection in NHP studies might also
give some insight into efficacy, if a phase 3 trial becomes impossible to do due to an insufficient number of new cases of EVD.
PRIME-BOOST STRATEGIES
ChAd3-ZEBOV/MVA-BN-Filo

Findings from studies in NHPs have shown that both
immunogenicity and duration of high-level protection against
challenge can be extended by administration of a dose of MVAencoding Zaire Ebola virus GP.11 Then, the effect of boosting in
humans with a heterologous vector, MVA-BN-Filo vaccine (developed by Bavarian Nordic A/S) – which encodes Zaire Ebola
virus and Sudan Ebola virus GP, Marburg virus GP, and TaiForest Ebola virus nucleoprotein – was assessed in Malian and
US adults.15
The phase 1, single-blind, randomized trial of ChAd3ZEBOV was performed in the US and the phase 1b, open-label
and double-blind, dose-escalation trial in Bamako (Mali) (trial
numbers NCT02231866 (US) and NCT02267109 (Malian)).
Between October 8, 2014, and February 16, 2015, participants were randomly allocated to different single doses of IM
immunization with ChAd3-ZEBOV: 91 Malians received 1×1010
pu, 2.5×1010 pu, 5×1010 pu, or 1×1011 pu; 10 US participants received 1×1010 pu or 1×1011 pu. Fifty-two of the 91 Malians received a single boost-dose of 2×108 PFU of MVA-BN-Filo or
placebo.
The primary outcome was safety, measured with occurrence of adverse events for 7 days after vaccination. The results
in both Malian and US participants document that the 1×1011
pu dose of ChAd3-ZEBOV is well tolerated and significantly
more immunogenic than are low doses in elicitation of anti-GP
antibodies. Ninety-one percent of Malian and 60% of US participants given a single dose of ChAd3-ZEBOV attained titers that
are associated with protection of NHPs. A single booster dose
of MVA-BN-Filo stimulated anamnestic anti-GP antibody and
CD4/CD8 T-cell responses, suggesting, by extrapolation from
results in NHPs, that this booster might extend the duration of
high-level protection.
With optimistic extrapolation of these results, a single
1×1011 pu dose of ChAd3-ZEBOV, used as part of a ring vaccination strategy, might be sufficiently well tolerated and immunogenic to be effective in interrupting Ebola virus transmission
to family members and other close contacts of index patients. A
heterologous prime and boost regimen consisting of a ChAd3-
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ZEBOV prime followed 2-3 months afterwards by a boost with
MVA-BN-Filo could confer long-term protection to subgroups
that need extended protection (e.g. health-care workers and populations that are likely to be repeatedly exposed).
Ad26-ZEBOV/MVA-BN-Filo

NIAID and other funding partners supported the development, preclinical and clinical testing of an investigational
vaccine regimen designed to specifically protect against the
Ebola virus strains responsible for the recent outbreak in West
Africa. The vaccine candidate combines the Ad26-ZEBOV vector (based on the AdVac platform developed by Crucell Holland
B.V., one of the Janssen Pharmaceutical Companies of Johnson
& Johnson) with the MVA-BN-Filo. This product commenced a
phase 1 clinical trial in Oxford during January 2015. Preliminary
data from the first-in-human study, presented by Janssen in May
2015, indicated that the prime-boost vaccine regimen is immunogenic, regardless of the order of vaccine administration, and
provoked only temporary adverse reactions normally expected
from vaccination.16
Additional phase 1 trials are underway in Africa. In
July 2015, Crucell initiated a phase 2 clinical trial of the investigational vaccine in the UK and France. The study is evaluating
the safety, tolerability and immunogenicity of the heterologous
prime-boost regimen. In total, the studies enrolled 612 healthy
adult volunteers, all receiving the Ad26-ZEBOV prime or placebo on day 1 and then the MVA-BN-Filo boost or placebo on
days 29, 57 or 85.
In October 2015, Crucell launched a second phase 2
study in 1,200 volunteers in Sierra Leone. The first stage of the
study called “EBOVAC-Salone” includes approximately 40
adults aged 18 years or older. In stage 2, approximately 400 individuals across different age groups will be vaccinated, including
children and adolescents.17
CONCLUSION

The recent Ebola epidemic has galvanized the development of filovirus vaccines and presented a unique set of challenges that required extraordinary collaboration, flexibility, and
innovation among a number of entities with a broad range of
expertise to secure global health. These entities included government agencies, especially health officials from the affected West
African countries, non-governmental organizations, academic
research groups, pharmaceutical companies, and the WHO. This
lead to an unprecedented speed of Ebola vaccine testing since
late 2014 with multiple candidates in advanced stages of clinical
development.
Current efforts to develop a vaccine are focused on the
viral GP encoded by the virus. The most advanced first-generation Ebola vaccines candidates tested so far are the live replicating rVSV-ZEBOV and the replication-defective ChAd3-ZE-
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BOV based on the GP from the Zaire strain of Ebola virus. Trials
being undertaken in Africa, Europe and US have already shown
that these vaccines are safe and well-tolerated and, although a
human correlate of protection remains unknown, a single dose of
rVSV-ZEBOV or ChAd3-ZEBOV is able to generate putatively
protective Ab titers. ChAd3 vaccine on its own especially at 1011
should be effective as it produces Ab titers at least as high as
VSV and greater cellular immunity (which is relevant at least in
NHPs).
These immune responses are significantly enhanced in
prime-boost regimes using MVA-based virus vectors as a boosting vaccination, although the optimal interval between the priming and boosting vaccination has not yet been determined.
Although the promising efficacy of rVSV vaccine is
encouraging, challenges remain in improving vaccines to provide durable efficacy and identifying optimal ways for vaccine
deployment. Moreover, as a general rule, live-replicating viruses
such as VSV-vectored vaccines are contraindicated in people
with an immunodeficiency (e.g. HIV+) and children, since the
vaccine strain could be pathogenic, particularly when non-replicating viral vectors such as adenoviruses have shown good
safety in those two groups. Clinical assessment should continue
to allow a full comparison of ChAd3 alone, ChAd3/MVA, Ad26/
MVA and rVSV for safety, with particular emphasis on the rate
of post-vaccination fevers and arthritis, and for immunogenicity, preferably in African populations where the vaccine will be
needed in future.
Some 300,000 doses of rVSV-ZEBOV vaccine against
EVD will be available from May 2016 for use in emergency
situations and clinical trials, under a deal signed by the drug
company Merck and by Gavi, a vaccine provider to the poorest
countries in the world.
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C-C Chemokine Receptor Seven (CCR7):
Coming of Age In Vaccines
Colin A. Bill, PhD; Olga B. Soto, B.S.; Charlotte M. Vines, PhD*
Department of Biological Sciences, The University of Texas at El Paso, 500 W University Avenue, El Paso, TX 79968, USA

In casual conversation with non-medical individuals, it is common for them to ask:
why do we not have a cure for cancer or vaccinations for all diseases? It seems somewhat
logical to assume that after so many years of research that cures should be readily available,
diseases in general should simply require a pill or jab and that somehow, if scientists are not
deliberately hiding these cures, then they must be asleep at the wheel. A typical response to
such questions focuses on the complexity of the different cancers/diseases and that there will
be no “one cure fits all”. When it comes to vaccinations, there is absolutely no doubt that
many vaccines are extremely effective and a multitude of publications can attest to this and
cite how many lives have been saved because of our vaccination programs; indeed, vaccinations typically pop up on a list of reasons why humans today are living substantially longer
than at any previous time in history.1-3 Nevertheless, there is always an overriding and to
some extent embarrassing realization that despite the relative success of vaccines we still
do not, for the most part, know how to make consistently effective vaccines and that often it
boils down to a trial and error procedure to establish the best vaccine for a given target.
While vaccine design incorporates a multitude of factors, one way to boost the effectiveness of a given vaccine is to enhance the secondary immune response to provide a
more robust production of long-lasting antibodies, primarily IgG’s. Although a discussion
of the secondary immune response could take up a substantial review, in this short commentary as an example of one way to potentially boost antibody production, we will focus on a
single chemokine receptor, C-C Chemokine Receptor Seven (CCR7). CCR7 is expressed on
a number of cells, in particular cells of the immune system including naïve and central memory T-cells, activated B-cells, monocytes, neutrophils and mature dendritic cells.4-6 CCR7
has two chemokine ligands, CCL19 and CCL21 that are primarily expressed in secondary
lymphoid organs and plays a vital role in the chemotactic migration of CCR7 expressing
immune cells to the secondary lymphoid tissues.7 It was reported in CCR7-/- BALB/c mice
that the migration of B-cells, T-cells and mature dendritic cells was severely compromised
and that the architecture of the secondary lymphoid organs was significantly altered when
compared to the wild-type strain.5 Furthermore, 10 days after exposure to the T-dependent
antigen, DNP-KLH, wild-type mice produced a robust primary immune response, in contrast CCR7-/- mice had a significantly compromised humoral response; however, after a further 10 days production of IgG1, IgG2a, IgG2b and IgG3 was similar for both the wild-type
and CCR7-/- mice.5 Fourteen days after a booster immunization the CCR7-/-mice showed an
elevated IgG2a and IgG2b titer compared to wild-type mice;5 (our own unpublished studies
using CCR7-/- C57BL/6 mice). These studies demonstrated that CCR7 deficient mice have
a pronounced delay, but eventual enhancement in IgG isotype switching.

Copyright
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A subsequent study used the paucity of lymph node T-cells (plt) mice, in which a
spontaneous mutation resulted in a loss of expression of CCL19 and CCL21 in secondary
lymphoid organs and a defect in homing of naive T-cells to these tissues.8 The plt mice also
demonstrated a striking attenuation in the migration of activated dendritic cells to the T-cell
zones of spleen and lymph nodes.7,8 In general abnormalities in leukocyte migration were
more severe in CCR7-/- mice compared to the plt mice suggesting that there are functional
immune differences between the plt and CCR7-/- mice. After immunization of plt mice, Tcells and dendritic cells mislocalized in the lymph nodes and spleen compared to wild-type
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mice; however, similar to the results for the CCR7-/- mice plt
mice mounted an enhanced, but delayed T-cell related humoral
response.8 Interestingly, CCR7-/- mice have an increased polarization of CD4+ T-cells towards a TH2 phenotype and B-cell
activation exemplified by an upregulation of MHC class II surface molecules, which points at a potential humoral response
target.9
A primary question is whether T-cell dependent activation is required to elicit a delayed and enhanced antibody
production in mice with a compromised CCR7 pathway and
evidence suggests that this is the case. Thymus-independent
type 2 (TI-2), are repetitive antigens, which elicit antibody
production by B-cells without T-cell involvement.10,11 Immunization of CCR7-/- mice with TI-2 antigens resulted in an
increased number of germinal centers in the spleen that persisted for longer periods when compared to wild-type mice,
although there was no increase in germinal centers of the
lymph nodes in TI-2 treated CCR7-/- mice.12 The persistence
of germinal centers in the spleens of CCR7-/- mice was not associated with elevated secondary antibody responses, isotype
switching, affinity maturation or memory B-cell generation.12
Considering that CCR7 is often discussed in the context of homing T-cells, B-cells and mature dendritic cells to the
secondary lymphoid organs, it is empirically surprising that a
robust T-cell response has been observed upon loss of the functional chemokine receptor or loss of both activating ligands,
albeit that there are not completely overlapping immune manifestations. These responses occur in the absence of normal Tcell distributions and normal secondary lymphoid organ structures.5,6,8 Along with other laboratories, we have demonstrated
both shared and distinct biased signaling pathways in immune
cells upon binding of either CCL19 or CCL21 to CCR713-15
recent review by Hauser and Legler.16 It is unclear what individual effects CCL19 or CCL21 plays in modulating the
secondary immune response and it will be interesting to determine what overlaying and distinct responses each chemokine
contributes. Enhancing the secondary immune response in a
typical boost schedule of vaccinations is an attractive target
for research and this commentary touches on one chemokine
in a complex wheel of factors involved in controlling the level
and longevity of actions of specific antibodies. We still have
a lot to learn, but the future is bright and we anticipate that
this new journal will provide an avenue for novel and exciting
work in the field.
CONFLICTS OF INTEREST: None.
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ABSTRACT

Most of the chronic infections with Hepatitis B Virus (HBV) are acquired in perinatal period or
in early life in China. We conducted HBV serosurveys in the same community among the age
5-6 year old children who were born in 1979-1980, in 1985-1986, and in 2002-2003, respectively. The seropositive rate of HBV surface antigen (HBsAg) was 11.43% in the unvaccinated
population. It decreased to 2.08% among the vaccinated children born in the same year. With
increased vaccination coverage the HBsAg seropositive rate decreased to 0.24% among the
age 6-7 year old children born in 2002-2003, with 98.21% protection efficacy. Herd immunity
conferred by HBV vaccination increases the protection efficacy against HBV infection.
KEYWORDS: Hepatitis B virus; Hepatitis B virus infection; Primary liver cancer; Vaccine pro-

tection.

INTRODUCTION

Hepatitis B Virus (HBV) infection is one of the leading cause of illness and death in
China.1 Primary Liver Cancer (PLC) and liver cirrhosis are the long-term major adverse outcomes of chronic HBV infection.2 In the Chinese population, most of the chronic infections are
acquired in perinatal period or in early life. In 1992 before the national HBV vaccination program, seropositive rate of HBV surface antigen (HBsAg), that reflect the status of chronic HBV
infection, in the 1-4 age group was 9.67%, as high as in the general population (9.75%).3 In
response to the recommendation from a WHO scientific group about the prevention of chronic
HBV infection and PLC,4 China implemented the universal immunization to newborns by integrating the HBV vaccination into the Expended Program of Immunization (EPI), beginning
in January, 1992 with 3 doses of vaccines paid by the family.5 From January 1, 2002 the HBV
vaccination was integrated into the national EPI program with the vaccine provided entirely by
the government. Here we reported the effect of herd immunity after HBV vaccination on HBV
infection among children.
Copyright
©2016 Qu C. This is an open access article distributed under the
Creative Commons Attribution 4.0
International License (CC BY 4.0),
which permits unrestricted use,
distribution, and reproduction in
any medium, provided the original
work is properly cited.
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METHODS
Study Population

The children aged 5-6 years who were born in different years and resided in Qidong
county, Jiangsu Province of China were recruited for the study. Serum samples were collected
in the following years, respectively. In 1985 just before the Hepatitis B vaccine was introduced
into China, a total of 433 blood samples from the children born in 1979-1980 were collected.
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In 1991 before the Expended Program of Immunization (EPI), a
total of 3002 children, who were born in 1985-1986 and had the
record of not receiving the vaccine, donated the blood samples.
In addition, 674 children, who were born in 1985-1986 and had
the record of receiving 3 dose of the plasma-derived hepatitis
B vaccination after birth, donated the blood samples. In 2008 a
total of 823 children born in 2002-2003 when all the neonates
received obligatory hepatitis B vaccination after birth donated
blood samples.
Serological analysis for HBV infection

Upon receiving a written consent from the children’s
parents, 2 ml peripheral blood was collected from each of children. All HBV serological markers were determined within 12
hours after blood sampling. Individuals with serum HBsAg-positivity were retested in six months. All the serum HBsAg was
detected using the reagents from Abbott Laboratories, North
Chicago, IL, USA.
Statistical analysis

Chi-square test and Fisher’s exact test were conducted to compare HBsAg seropositive rates. Vaccine protection efficacy is calculated based on the HBsAg seropositivity determined among the children born in 1979-80
(as the reference group) by the form: HBsAg(+) rate in reference group -HBsAg(+) rate in intervention group)/
HBsAg(+) rate in reference group.
RESULTS
HBsAg Seroprevalene among the Children in Different Period

We conducted HBV serosurveys among the children
aged 5-6 years in different period. The using of disposable medical materials and having the baby delivered in hospital began
from 1980s in Qidong, one of the rural areas with HBV high
prevalence. The seropositive rate of HBsAg was 13.39% among
the children born in 1979-1980 and was 11.86% among those
born in 1985-1986 when no vaccination was given after birth
(Table 1). Chi-square test showed no difference among the chil-

PUBLISHERS

dren born in these two different years (p=0.3587).
Protection Efficacy of HBV Vaccination on the Children in Different Period

The Expended Program of Immunization (EPI) began
in January, 1992. Some of the children born in 1985-1986 received the hepatitis B vaccination after birth. It was found that
the HBsAg sero-positive rate (2.08%) decreased dramatically in
the vaccinated children compared to those children without vaccination (11.86%) who were born in the same year. The protection efficacy of HBV vaccination was 84.47%. With increased
vaccination coverage among the population the HBsAg seropositive rate (0.24%) further decreased, with 98.21% protection
efficacy.
DISCUSSION

With the using of disposable medical materials and having the baby delivered in hospital the HBsAg-seroprevalence decreased in the HBV highly prevalence area. However, the most
important strategy to protect the children from HBV infection
was proven to be the neonatal HBV vaccination. Vertical transmission is a major route for HBV infection in Asian countries
and endemic areas, which accounts for about 40-50% of HBsAg
carriers in Taiwan and in mainland China.3,6 However, horizontal transmission through close contact among children and family members is also a critical route for HBV infection.6 Our results showed that HBsAg-seropositive rate was further reduced
among the population when all the neonates received obligatory
hepatitis B vaccination after birth. Thus herd immunity by vaccination is critical to protect population from HBV infection.
The nationwide HBV sero-survey among the mainland
of China conducted in 2006 showed that the HBsAg-seroprevalence was 0.96% in the population aged 1-4 years, 2.32% aged
5-14 years, 5.4% aged 15-19 years, and more than 8.0% aged
20-59 years.7 In 2014, the HBsAg-seroprevalence decreased to
0.32% in the 1~4 age group, to 0.94% in the 5~14 age group and
4.38% in those aged 15~29 years.8 These data highlighted the
importance of national wide neonatal HBV vaccination in reducing the HBV infection in child and adults.

Group

Year
Born

Year
Sampled

Age
Determined

Total
Num

HBsAg(+)
Number Rate (%)

No vaccination

1979-80

1985

5-6 years

433

58

13.39

No vaccination

1985-86

1991

5-6 years

3002

356

11.86

vaccination

1985-86

1991

5-6 years

674

14

2.08

vaccination

2002-03

2008

6-7 years

823

2

0.24

P value
0.3587a

0.0006b

Protection
Efficacy
Reference
11.43%
84.47%
98.21%

Chi-square test
b
Fisher’s exact test
a

Table 1: HBsAg seroprevalence in the children aged 5-7 years living in Qidong in different years.
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Highly Active Antiretroviral Therapies (HAARTs) have been developed to treat HIV+
individuals, increasing the quality and quantity of life of many HIV+ patients. Despite these
effective strategies, human immunodeficiency virus infection and acquired immune deficiency
syndrome (HIV/AIDS) epidemic continues to uphold globally with 39 million infected individuals.1 However, the HIV retrovirus integrates into the (cluster of differentiation 4) CD4+
cells’ genomes where it can persist for years in a latent stage forming HIV reservoirs throughout the body.2 Due to these reservoirs, infected individuals need to be under treatment for the
rest of their lives, as HAARTs cannot fully cure HIV.3,4 As a result, preventive strategies have
now been introduced in the plan to completely eradicate the HIV/AIDs endemic.5 Effective preventative strategies that decrease bodily fluids transmissions like the usage of condoms, sterile
needles, abstinence, monogamy between uninfected individuals, and voluntary testing have
been developed. The development of vaccines as preventative and treatment strategies against
HIV has been proposed to aid in the eradication of this disease.5,6 Typically, vaccines have
been successful in the disappearance of past endemics such as polio and small pox. Vaccine
development for HIV began in the 1980’s.1 Two types of vaccines have been proposed: those as
protection against acquisition of HIV-1 and those as treatment to cure HIV in conjunction with
HAART.1,5
Vaccines with the purpose of reducing HIV acquisition are controversial due to its necessity to compete with the broad genetic diversity of HIV and overcome multiple transmission
modalities.7 Nonetheless, a few have gone through phase 3 and phase 2b clinical trials. Examples of these case trials include VAX 004, VAX 003, Step, Phambili, RV144, and HVTN 505.
While efficacy in VAX 004, VAX 003, Step, and Phambili clinical studies were not achieved
in regards to finding significant differences in HIV acquisition for both the vaccinated and placebo groups, another type of vaccine has had a more successful outcome.8,9 The RV144 study
showed the potential for an HIV/AIDS vaccine to prevent infectivity of HIV.10 This study used
a vaccine combining the bivalent (B/E) gp120 vaccine used in VAX 003 with an ALVAC vector
prime. The results showed a 60.5% vaccine efficacy at 1 year and 31.2% vaccine efficacy at 3.5
years with ALVAC-HIV (vCP1521) (0, 1, 3, 6 months) followed by protein boosts with alum
adjuvant, AIDS-VAX1 clades B/E gp120 (3, 6 months). Further studies using these vaccines
have suggested that the V2 region of HIV-1 is a target site of protective antibodies associated
with vaccine efficacy of the RV144 regimen.11 Due to a reduced efficacy over time, there is a
potential for waning immunity in respect to HIV acquisition over a period time after vaccination needs to be resolved. Currently, studies are being conducted to improve efficacy of this
vaccine through the use of different adjuvants, MF591 and ASO1B, and improvement of B- and
T-cell priming by the introduction of immunogenic vector platforms. Studies using vaccines
with a replication-incompetent Ad26 vector in combination with MVA/trimeric gp140/ASO1B
adjuvant have shown protection from mucosal challenge. In a non-human primate study, a correlation among envelope-specific non-neutralizing binding antibodies with protection against
acquisition have been demonstrated.11
Vaccines as therapeutic treatment for HIV are being developed to eradicate HIV res-
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ervoirs, HARTs major obstacle.12 Reservoirs persist due to the invisibility of latent provirus provided by: (1) dormant CD4+ T-cells
against the body’s immune system, (2) HARTS inefficient targeting of activated CD4+ T-cells, and/or (3) non-induction of immune
response due to low levels of residual virus production. In order to combat these obstacles, a “shock and kill” strategy has been
developed. This strategy consists of therapeutic vaccines introducing HIV-specific T-cells capable of killing the reactivated infected
cells producing HIV antigens. A phase I/II, open-label, single-arm clinical trial has been conducted to evaluate a dendritic cell (DC)
based HIV-1 vaccine loaded with autologous HIV-1-infected apoptotic cells.13,14 Results showed the vaccine was safe and induced
T-cell activation. However, it did not prevent viral rebound during treatment interruption. Four of 10 participants had an increase in
the HIV-1 ribonucleic acid (RNA) load in plasma following vaccination, despite continuous antiretroviral therapy (ART). Evidence
of cytolysis in HIV-1-infected cells was also present.14 Other studies evaluating TAT therapeutic vaccines have shown TAT vaccination is safe and immunogenic. A non-blinded with no placebo controls phase 2 study gave evidence for restoration of CD4+ and
CD8+ T-cell numbers and functional central memory T-cell subsets of B and natural killer (NK) cell number, and a reduction of
immune activation in HAART-treated participants. Furthermore, TAT immunization induced a statistically significant reduction of
blood HIV-1 deoxyribonucleic acid (DNA) load that persisted for up to three years post-vaccination.11
To conclude, antibody-mediated preventative HIV vaccines will in the future provide a great strategy in the eradication
of the HIV epidemic pending further developments of neutralizing antibodies. VRCO1, a human monoclonal antibody targeting
the HIV-1 CD4 binding site, has demonstrated protection in animal studies, and has acceptable human safety. HVTN 703 will investigate the effectiveness of VRC01 and the level of neutralizing activity required in reducing HIV acquisition. As for therapeutic
vaccines, further studies need to be conducted using TAT based vaccines in order to evaluate its efficacy in reducing HIV-1 DNA.
ACKNOWLEDGEMENT

The authors acknowledge financial support from NIH grants RO1-DA040537, RO1-DA037838, RO1-DA042706-A and RO1DA027049. Authors would like to acknowledge Institute of NeuroImmunune Pharmacology (INIP) research facility and support.
COMPETING FINANCIAL INTERESTS

The authors declare no competing financial interests.
REFERENCES

1. Sheets RL, Zhou T, Knezevic I. Review of efficacy trials of HIV-1/AIDS vaccines and regulatory lessons learned: A review from
a regulatory perspective. Biologicals. 2016; 44(2): 73-89. doi: 10.1016/j.biologicals.2015.10.004
2. Nair M, Jayant RD, Kaushik A, Sagar V. Getting into the brain: Potential of nanotechnology in the management of NeuroAIDS.
Adv Drug Deliv Rev. 2016; 103: 202-217. doi: 10.1016/j.addr.2016.02.008
3. Jayant RD, Atluri VS, Agudelo M, Sagar V, Kaushik A, Nair M. Sustained-release nanoART formulation for the treatment of
neuroAIDS. Int J Nanomedicine. 2015; 10: 1077-1093. doi: 10.2147/IJN.S76517
4. Kaushik A, Jayant RD, Nair M. Advancements in Nano-enabled therapeutics for neuroHIV management. Int J Nanomedicine.
2016; 11: 1-9.
5. Autran B. Toward a cure for HIV-Seeking effective therapeutic vaccine strategies. Eur J Immunol. 2015; 45(12): 3215-3221. doi:
10.1002/eji.201545513
6. Vaccines. AIDS 2016. 2016. Web site. https://www.aids.gov/hiv-aids-basics/prevention/prevention-research/vaccines/. Accessed
July 13, 2016
7. Excler J-L, Robb ML, Kim JH. Prospects for a globally effective HIV-1 vaccine. Vaccine. 2015; 33: D4-D12. doi: 10.1016/j.vaccine.2015.03.059
8. Moodie Z, Janes H, Huang Y. New clinical trial designs for HIV vaccine evaluation. Curr Opin HIV AIDS. 2013; 8(5): 437-442.
doi: 10.1097/COH.0b013e328363d46a
9. Day TA, Kublin JG. Lessons learned from HIV vaccine clinical efficacy trials. Curr HIV Res. 2013; 11(6): 441-449. doi:

Vaccin Res Open J

Page e4

VACCINATION RESEARCH
ISSN 2771-750X

Open Journal

PUBLISHERS

http://dx.doi.org/10.17140/VROJ-1-e002

10.2174/1570162X113116660051
10. NAM AIDS map. The RV144 trial. 2009. Web site. http://www.aidsmap.com/The-RV144-trial/page/2028003/. Accessed July
13, 2016
11. Gray GE, Laher F, Lazarus E, Ensoli B, Corey L. Approaches to preventative and therapeutic HIV vaccines. Curr Opin Virol.
2016; 17: 104-109. doi: 10.1016/j.coviro.2016.02.010
12. Chun T-W, Moir S, Fauci AS. HIV reservoirs as obstacles and opportunities for an HIV cure. Nat Immunol. 2015; 16(6): 584589. doi: 10.1038/ni.3152
13. Connolly NC, Whiteside TL, Wilson C, Kondragunta V, Rinaldo CR, Riddler SA. Therapeutic immunization with human immunodeficiency virus type 1 (HIV-1) peptide-loaded dendritic cells is safe and induces immunogenicity in HIV-1-infected individuals.
Clin Vaccine Immunol. 2008; 15(2): 284-292. doi: 10.1128/CVI.00221-07
14. Macatangay BJ, Riddler SA, Wheeler ND, et al. Therapeutic vaccination with dendritic cells loaded with autologous HIV type
1-infected apoptotic cells. J Infect Dis. 2016; 213(9): 1400-1409. doi: 10.1093/infdis/jiv582

Vaccin Res Open J

Page e5

VACCINATION RESEARCH
ISSN 2771-750X

Review
*

Corresponding author

Zeinab G. Khalil, PhD

Institute for Molecular Bioscience
The University of Queensland
St. Lucia, QLD 4072, Australia;
The University of Queensland
Diamantina Institute
The University of Queensland
Brisbane, QLD 4102, Australia
E-mail: z.khalil@uq.edu.au

Volume 1 : Issue 1
Article Ref. #: 1000VROJ1104

Article History
Received: August 29th, 2016
Accepted: September 7th, 2016
Published: September 7th, 2016

Citation

Khalil ZG, Capon RJ. Innovations in
microbial biodiscovery, targeting silent metabolism and new chemical
diversity. Vaccin Res Open J. 2016;
1(1): 13-24.
doi: 10.17140/VROJ-1-104

Open Journal

PUBLISHERS

http://dx.doi.org/10.17140/VROJ-1-104

Innovations in Microbial Biodiscovery,
Targeting Silent Metabolism and New
Chemical Diversity
Zeinab G. Khalil, PhD1,2*; Robert J. Capon, PhD1
Institute for Molecular Bioscience, The University of Queensland, St. Lucia, QLD 4072,
Australia
2
The University of Queensland Diamantina Institute, The University of Queensland, Brisbane,
QLD 4102, Australia
1

ABSTRACT

It is quite evident that microbial (bacteria or fungi) crude extracts contain several important
bioactive compounds and some have already shown their therapeutic activity. Unfortunately,
most of the compounds have not properly been evaluated for the exploration of new lead molecule. Moreover, some of the mechanisms of actions of few bioactive compounds have not been
identified so far. Hence, extensive research is required to find out the activity of compounds in
the microbial crude extracts and to exploit their therapeutic potential to unlock silent secondary
metabolites. Therefore, this review article raise the importance of activating microbial secondary metabolites noting the need for new tools to access the full microbial genome.
KEYWORDS: Microbial biodiscovery; Antibiotics; Anticancer; Silent metabolism; Lipopoly-

saccharide.

ABBREVIATIONS: MRSA: Methicillin-resistant staphylococcus aureus; VRE: Vancomycin-

resistant enterococcus; CCR5: C-C chemokine receptor type 5; CD4: Cluster of differentiation
4; AIDS: Acquired immunodeficiency syndrome; DSB: Derivative of betulinic acid; DNA:
Deoxyribonucleic acid; LPS: Lipolysaccharide; FDA: Food and Drug Administration.

INTRODUCTION TO MICROBIAL BIODISCOVERY
Historical Impact of Microbial Natural Products

Copyright
©2016 Khalil ZG. This is an open
access article distributed under the
Creative Commons Attribution 4.0
International License (CC BY 4.0),
which permits unrestricted use,
distribution, and reproduction in
any medium, provided the original
work is properly cited.
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Natural products continue to play a crucial role in the discovery of new drugs and drug leads.1
Biodiscovery from microbial resources can be defined as the exploration of microbial metabolic products that provide important benefits to the fields of medicine, agriculture and biotechnology.2 It has been reported that approximately 50% of approved drugs in the market are
derived from microbial origin (Table 1).3 Actinomycetes and fungi are very important groups
of microorganisms that are known for their ability to produce secondary metabolites with therapeutic activities.4 Actinobacteria produce over half of the bioactive compounds that are present in the antibiotic literature.5 These compounds include well-known antibacterials such as
aminoglycosides and tetracyclines, antifungals such as amphotericin B (1) anticancer agents
such as adriamycin (2) immunosuppressants such as tacrolimus (3) and anthelmintics such as
avermectin (4) plus numerous other valuable therapeutic drugs. Fungi also play a vital role in
the microbial discovery, with the genus Penicillium providing several well-known drugs (e.g.
penicillins). Therefore, the drug discovery process is considered as a very critical issue in the
industrial field as it is a very expensive process and it requires multiple steps to produce new
drug potentials to target specific disease.6
Despite this great success in the discovery of valuable antibiotics and other pharmaceutical active agents, there has been a dramatic decline in the discovery of new antibiotics
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Original metabolite

Commercial products

Producing organism

Penicillins

Penicillin G, V, Ampicillin, Methicillin

Penicillium spp., Aspergillus spp.

Cephalosporins

Mefoxin, Ceclor

Acremonuim spp.

Thienamycin

Primaxin, Invanz

Streptomyces cattleya

Erythromycin

Erythrocin, Zithromax

Saccharopolysporaerythraea

Vancomycin

Vancocin

Streptomyces orientalis

Fosfomycin

Monuril

Streptomyces fradiae

Daptomycin

Cubicin

Streptomyces roseosporus

Table 1: Examples of marketed antibiotics originated from microbial origin.3

in the 21st century. Despite a 2007 review7 revealing that 70%
of hospital-acquired infections in the US are resistant to one or
more antibiotics, with the exception of the narrow spectrum antibiotic daptomycin (5) and linezolid (6) very few new classes
of clinically relevant antibiotics have been approved over the
last 40 years. Tigecycline (7) is one of a new class of antibiotics derived from the tetracycline nucleus. This broad-spectrum
antibiotic was approved for the treatment of complicated skin
infections and is also active against methicillin-resistant staphylococcus aureus (MRSA), vancomycin-resistant Enterococcus
faecium and beta-lactamase-producing bacteria as Escherichia
coli and Klebsiella pneumonia.8,9
Therapeutic Fields Responsive to Natural Products

Microbial secondary metabolites are highly potent and selective
Vaccin Res Open J

for the treatment of many diseases. Many of these metabolites
can be interpreted to be a signal molecule or defense mechanism
against competitors or pathogens, an aid to the survival of the
microorganism.
Bacterial pathogens: Natural products are still the main source
of promising new antibiotics for the treatment of bacterial diseases. Platensimycin (8) was first reported in 2006 from Streptomyces platensis by Merck researchers, followed by the isolation
of platencin (9).11-13 In 2008, another platensimycin analogues
B1-B3 (10-12)14 and platensimycin B4 (13).15 This class of antibiotics demonstrated a novel mode of action against gram-positive
bacteria through inhibition of cellular lipid biosynthesis. Because of this unique role, it shows no cross resistance to MRSA,
vancomycin-resistant enterococcus (VRE) or other antibiotic
resistant microbes.
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Fungal pathogens: The need for the discovery of new antifungal

agents continues, as we seek to treat the opportunistic infections
in immune-compromised patients and the emerging resistance
to existing antifungal agents. Jacob et al,16 recently discussed the
whole cell screening techniques targeting natural products and
their mode of action including the use of genetically modified
fungal strains in which the antifungal drug is targeting the cell
wall and cell membrane. Caspofungin (14) is a promising new
antifungal agents derived from pneumocandin, a natural product
produced by Glarealozoyensis.17

key for viral replication and are considered as promising targets
for anti-viral drugs, with inhibitors for viral polymerase and proteases in clinical use for the treatment of acquired immunodeficiency syndrome (AIDS) and chronic hepatitis. All drugs that
are in the market for the treatment of HIV are synthetic in origin,
although the activities of many natural products have been explored in the recent years.20 Yu et al,21 discovered a plant-derived
modified betulinic acid derivative, DSB (15) as a first in class
HIV maturation inhibitor. This natural product is currently in
Phase II clinical trial.21

Viral pathogens: New anti-HIV (human immunodeficiency vi-

Resistance to Microbial Natural Products

rus) drugs are targeting the point of entrance of the virus into
the cell such as interferon signaling and cell surface receptors as
C-C chemokine receptor type 5 (CCR5)-human cytokine receptor and cluster of differentiation 4 (CD4).18 Many antiviral lectins are from algal origin and they are mainly small proteins that
bind to carbohydrates found on the viral envelopes and prevent
the transmission of HIV.19 In addition, viral polymerases are the

Vaccin Res Open J

Antibiotics and the resistance in nature: The discovery of antibiotics more than 70 years ago initiated an era of drug innovation in human and animal health. These discoveries were interrupted by the emergence of antibiotic resistance, largely due to
the widespread of overuse of antibiotics in both medicine and
agriculture.22 Not withstanding the outstanding list of antibiot-
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ics that were discovered from microbial sources, especially soil
microbes, resistance to these antibiotics evolved in the environment long before they were developed as commercial antibiotics.23 The resistance we see in the clinic today is to a great extent
similar to the environmental one. Although the resistance in both
contexts are similar, clinical resistance tends to increase substantially with time. Therefore there should be a certain mechanism
that keeps control of resistance in the environment.24-26
Anticancer resistance: Cancer cells become resistant to anticancer drugs by several mechanisms. One way is to pump drugs out
of cells by increasing the activity of efflux pumps, such as ATPdependent transporters. Alternatively, resistance can occur as a
result of reduced drug influx–a mechanism reported for agents
that interact with intracellular carriers or enter the cell by means
of endocytosis. In cases where drug accumulation is unchanged,
activation of detoxifying proteins, such as cytochrome P450
mixed-function oxidases, can promote drug resistance. Cells can
also activate mechanisms that repair drug-induced deoxyribonucleic acid (DNA) damage. Finally, disruptions in apoptotic signalling pathways (e.g. p53 or ceramide) allow cells to become
resistant to drug-induced cell death.27

In order to overcome these problems, we need to better understand the microbial genomics. In the last 10 years, advances in genomics have revealed new knowledge of a silent
microbial secondary metabolism, offering a glimpse of a new
source of potentially valuable biomedical agents and tools. To
access this genetic resource requires molecular tools capable of
activating latent secondary metabolism gene clusters, to build
knowledge of microbial systems biology, and facilitate access to
new microbial natural products.28-30
Silent Resources

After 100 years of discovering microbes, there is great evidence
that microbes are capable of producing different classes of bioactive secondary metabolites.31 However, strong evidence revealed
that we are only scratching the surface of microbial genome.
Microbes share and accumulate multiple secondary metabolite
gene clusters, which are capable of producing different bioactive metabolites, with a wide range of biological activities.32
Two challenges limit our ability to access the microbial genome;
the first one is that both the bacteria and fungi harbour massive
number of genes. These genes usually remain dormant and do
not produce any metabolites under normal laboratory conditions
until they become activated. It is very probable that these genes
are activated by chemical stimuli produced by other competing
microbes. Such chemical stimuli represent valuable molecular
tools that could be used to unlock the silent secondary metabolism, improving prospective for next generation antibiotics.33
Detecting of silent secondary gene cluster: A 2001 study by
Omura et al, on the genome of Streptomyces avermitilis, the microbial source of anthelmintic drug avermectins, revealed an 8.7
Mbp linear chromosome with 25 recognizable secondary metabolite gene clusters accounting for 6.4% of the genome. This
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study concluded that there are many uncharacterized genes involved in the secondary metabolism. Twenty-five secondary metabolite gene clusters were found in the genome of S. avermitilis.
Four of them are responsible for the production of melanin pigment on solid medium, two are derived from tyrosine and one is
an aromatic polyketide. Another melanin is an ochronotic pigment, which is derived from homogentiginic acid and produced,
in both solid and liquid media.34 S. avermitilis has the highest
number of secondary metabolite gene clusters of all bacterial
genomes sequenced. The production of different metabolites
can be attributed to the presence of many gene clusters, which
can encode for enzymes for the activation of different secondary
metabolic pathway. The report concluded that there are ”many
other uncharacterized genes involved n secondary metabolism”.
In 2002, Bentley et al35 reported that the genome of
Streptomyces coelicolor contained 20 secondary metabolite
gene clusters and metabolic enzymes of known or predicated
secondary metabolites. Furthermore, the genome contained an
unprecedented proportion of regulatory genes that are involved
in response to external stimuli and stresses. S. coelicolor contains
duplicated genes that operate in different phases during colonial
development, which if stimulated could lead to new pharmaceutical compounds. The report concluded by noting “The abundance of previously uncharacterized metabolic enzymes, particularly those likely to be involved in the production of natural
products, is a resource of enormous potential values”. In 2005,
McAlpine et al36 reported the genome analysis of Streptomyces
aizunensis to detect the presence of hitherto unexpressed natural
product in which different media where used to express microbial secondary metabolites. Udwary et al,37 analysed the genome
of Salinospora tropica to show a large percentage of its genome
is dedicated to natural product assembly. In addition, this study
identified secondary metabolic biosynthetic gene clusters from
the complete genome sequence of S. tropica revealing an unrealised secondary metabolism potential and the importance of
the understanding and the control for the secondary metabolite
pathway.
Therefore, modern genomics has redefined our understanding of microbial secondary metabolism. The computational
analysis of microbial metabolism provides the sequencing of
thousands of microbial genomes. This knowledge will provide
a new pathway to access the microbial molecular diversity and
also will help to develop more tools and methodologies to take
advantage of this potential. In addition, the previous articles
noted a growing appreciation of a global microbial genome that
encompasses molecular discovery value than previously appreciated. On the other hand, while learning that microbes possess
a secondary metabolism, the challenge is how to activate and
benefit from that the activation of silent secondary gene clusters
and produce new pharmaceutical compounds.
Activating of Silent Genes
Effect of culturing conditions on secondary metabolite production: The choice of the cultivation parameters is crucial for the
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production of secondary metabolites by microorganisms. It is
well known fact that a change in culture conditions (temperature, pH, oxygen etc.) can affect secondary metabolites production. Any small change in the culture medium may impact not
only the level of production of certain compounds, but also the
diversity.38 Paranagama et al39 studied the effect of tap water and
distilled water on the metabolite profiling of 2 plant associated
fungus, Para phaeosphaeria quadrisep tata by the changing
the water used in fermentation from tap to distilled resulted in
the production of 6 new compounds, cytosporones F-I (16-19),
5′-hydroxymonocillin (20) and quadriseptin A (21).

secondary metabolite production. They were able to isolate jadomycin B (24), a glycosylated nezoxazolophenanthridine antibiotic from Streptomyces venezuelae. The aglyconejadomycin was
produced in a galactose-isoleucine medium at 37 °C.40 Increasing the temperature to 42 °C increased the level of production of
jadomycin B (24). Other parameters were found to increase the
production of jadomycin B such as addition of ethanol as well as
bacteriophage infection.41 Also, Overy et al42 cultivated different
strains of necrotrophic Penicillium strains in different macerated
host tissue media. This led to the stimulation of production of
corymbiferone (25) and corymbiferan lactones I-IV (26-29).

The second fungus, Chaetomium chiversii, producedradicicol (22) on solid phase media, but shifted to chaetochromin (23) in liquid phase.39

Novel metabolites in co-cultures: The functional role of natural products in microbes has long been a topic of discussion. It
was found that some natural products result from the interaction
of the organism with its own environment. Cueto et al cultured
a marine Pestalotia sp. with an unidentified antibiotic resistant
marine bacterium, resulting in the biosynthesis of pestalone

In addition to various culture conditions, Ayer et al
have studied the impression of the diverse stress conditions on

Vaccin Res Open J
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(30), a new benzophenone. This compound could not be detected when each strain was cultivated independently. Pestalone
was found to be active against MRSA and vancomycin-resistant
Enterococcus faecium.43 The marine derived fungus Emericella
sp. was challenged with the actinomycete Salinispora arenicola.
This co-culture activated the production of two new cyclic depsipeptides, emericellamide A (31) and emericellamide B (32).44
Latifiet al. reported another interesting example of the synergistic function of co-culturing in 2006. A co-culture between Pseudomonas aeruginosa and Enterobacter sp. stimulated P. aeruginosa to produce the blue pigment pyocyanin, (33).45 To establish
whether any other microorganism can induce the production of
pyocyanin, P. aeruginosa was cultivated with different microorganisms. These results showed that P. aeruginosalost its ability
to produce pyocyanin when co-cultured with other microbes.46
These related examples highlight the role that co-culture can
play in the regulation of secondary metabolite production.
Although these strategies have been studied and can
lead to promising results, it is nevertheless a time consuming
and unpredictable process that while it can express silent metabolites, is not up to the challenge of activating the broad array of
silent metabolites hidden within the global microbial genome. In
order to access the microbial genome, new approaches informed
by the microbial evolution need to be acquired.47
Autoregulators: Autoregulators are compounds that act as trig-

gers to improve cellular development and activate silent secondary metabolite genes, leading to the production of secondary
metabolites. Knowing that a microbe is genetically far more
capable than previously suspected, reveals a potential, but activating that potential is another challenge entirely. Even without
detailed knowledge of the microbial genome, early researchers
enjoyed some success in stimulating microbial secondary metabolites. For example, it had been recognized that morphological differentiation during the growth of Streptomyces sp. was
closely associated with the secondary metabolites production.
More specifically, the transition from primary to secondary
metabolism occurred simultaneously with the formation of the
aerial hyphae. In exploring these phenomena, a selection of low
molecular weight metabolites were found to act as regulators of
secondary metabolism.
γ--Butyrolactones of actinomycetes: The potential value of
autoregulators as tools to regulate antibiotic production was
quickly recognized, such that γ--butyrolactones came under
intense investigation. An early example, of such a regulator
(called an autoregulator) discovered in 1979 was A-factor (34),
a γ--butyrolactone produced by Streptomyces griseus. A-factor
induced both aerial mycelium formation in S. griseus and production of the antibiotic streptomycin, with A-factor appearing
prior to streptomycin production and disappearing before streptomycin reached its maximum level.48

In addition to its effect on streptomycin (35) production,49 other achievements of A-factor included inducing the
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production of pristinamycins in a mutant strain of S. pristinaespiralis, in which pristinamycins biosynthesis was otherwise blocked, and initiating the production in S. griseus (under
phosphate depletion) of the parasiticidal metabolites grixazones
A and B (36 and 37). Other closely related naturally occurring
microbial γ-butyrolactone autoregulators included the virginiaebutenolides (38) (i.e. VB-A), which activated the production of
virginoamycin that consists of 75% virginamycin M1 (39) and
25% virginamycin S1 (40), IM-2 (41), which activated the production of showdomycin (42) and minimycin (43), and SCB1
(44), which activated the production of actinorhodine (45) and
undecylprodigiosin (46). IM-2 is noteworthy in that it both activates and suppress secondary metabolism. For instance, biosynthesis of the antituberculosis antibiotic D-cycloserine by S.
lavendulae was completely suppressed in the presence of IM-2.
Further investigations into the autoregulation of microbial secondary metabolism revealed that this capability was not limited
to γ--butyrolactones.
A limited selection of Streptomyces metabolites have
been described as promoters of morphogenesis and secondary
metabolism, and include the thiazole/oxazole peptide, the polyether pamamycin-607 (47) and the siderophore desferrioxamine
E (48). Pamamycin-607 (47) plays an important role in the regulation of aerial mycelium production in 67% of Streptomyces.50
Desferrioxamine E (48) simulates secondary metabolites production in different strains of actinomycetes such as Streptomyces coelicolor.51
However there are some non-butyrolactone Streptomyces metabolites that have been discovered as promoters of
secondary metabolites, including thiazole/oxazole peptide goadsporin. Goadsporin (49) is an oligopeptide consisting of 19 amino acids, which acts on the sporulation pathway and regulates
secondary metabolites production for Streptomyces.52
Homoserine lactones of gram-negative bacteria: Acyl homoserine lactones (acyl-HSLs) are important intercellular signalling
molecules used by many bacteria to monitor their population
density in quorum-sensing control of gene expression.53,54 These
signals are synthesized by members of the LuxI family of proteins.53 Homoserine lactones (HSLs) function by “quorum sensing” in which they reach a particular extracellular concentration
due to high cell density. They act in bioluminescence, antibiotic
biosynthesis, animal pathogenicity, plant pathogenicity and extracellular enzyme synthesis.55 HSLs are similar in structure to
A-factor. They can also induce exoenzymes, which are plant and
animal virulence defense against E. carotovora and P. aeruginosa respectively.56
Genomics-Inspired Screening for Novel Natural Products

The idea of screening the extract libraries on different types of
microorganisms has emerged as an important aspect to determine
new metabolites.57 Microbial metabolites (gene activators) may
be capable of eliciting the expression of silent secondary metab-
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olism on other microbes. The activation of silent gene clusters
will advance the discovery of next generation antibiotics.58,59 Zazopoulos et al60 analyzed the genome of different actinomycetes
looking for the genes that were responsible for the production
“enydiyne” class of antitumor agents. These loci remain inactive
until certain chemical or physical signals activate them. After
optimizing the growth conditions, Zazopoulos et al60 were able
to induce the expression of the gene cluster and leading to production of “enydiyne”. In addition, McAlpine et al. scanned the
genome of Streptomyces aizunensis. The genome scanning identified 11 gene clusters coding for the biosynthesis of wide range
of bioactive metabolites. One of these gene clusters was responsible for the production of type I polyketide synthase generating
a novel polyketide with characteristic UV absorbance at 300 nm.
Varying the culture conditions helped trigger the biosynthesis of
compound ECO-02301 (50).36 Scanning the genome sequence
of Aspergillus nidulans revealed the presence of three copies of
genes that codes for proteins with high similarity to anthranylate
Vaccin Res Open J
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synthases (ASs). These enzymes are responsible for the conversion of chorismate to anthranilic acid, which is important for the
synthesis of tryptophan. By altering the cultivation conditions,
four new prenylated quinoline alkaloids aspoquinolones I, II and
III (51 -54) were produced.61
Epigenetic modifiers: The strategy of epigenetic modifiers (gene
activators) was further studied on different fungi. Some of these
studies reported that Aspergillus sp. contains nuclear transcriptional regulator LaeA, which controls secondary metabolite production, suggesting the existence of different regulatory mechanisms that ensure secondary metabolites production at certain
developmental stages or under specific environmental conditions.62-64 Cichewicz et al65 treated 12 fungi with several DNA
methyltransferase and histone deacetylase inhibitors. Eleven
strains were found to respond, with the production of new or
enhancement of known natural products. One of these strains,
Cladosporium cladosporioides, was treated with 5-azacytidine,
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and led to the production of oxylipins I, II and III (55-57).
All these observations listed above highlight that the
microbial genome offers for greater molecular potential that previously imagined, and that molecular tools are required to access
this resource.
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oligosaccharide, which can also be decorated with other (often
non-stoichiometric) substituents, such as phosphate and phosphoethanolamine. LPS is only found in gram-negative bacteria.67

Lipopolysaccharide: The lipolysaccharide (LPS) is considered
as the main component of the cell wall of all the gram-negative
bacteria. The composition of the cell wall of the gram-negative
bacteria is made up of an outer membrane, inner plasma membrane and a peptidoglycan layer in the periplasm. The inner cell
wall is mainly considered of phospholipids while the outer surface of the outer membrane is composed of 90% LPS, plus the
addition of some phospholipids and proteins. LPS consists of
phospholipids in which the hydrophilic portion contains different polysaccharide made of core and outer portion.66

Bacteria with rough LPS usually have more penetrable
cell membranes to hydrophobic antibiotics, since a rough LPS
is more hydrophobic.66 The hydrophobic, membrane-anchoring
region of LPS is called lipid A. This part of the LPS is well conserved among bacterial species, and is considered as the most
active moiety of LPS, responsible for many of the pathophysiological effects associated with infection. Lipid A is composed
of phosphorylated glucosamine disaccharide decorated with 6 or
even saturated acyl chains linked through amide and ester bonds.
When bacterial cells are lysed by the immune system, fragments
of membrane containing lipid A are released into the circulation,
causing fever, diarrhoea, and even fatal endotoxic shock.67

LPS is a tripartite molecule comprising a membraneanchored lipid A moiety, a core oligosaccharide and an O-antigen polysaccharide made up of repeating units. 3-deoxy-Dmanno-2-octulosonate (KDO) residues link lipid A to the core

Khalil et al68 reported on a preliminary investigation of
the use the gram-negative bacterial cell wall constituent lipopolysaccharide (LPS) as a natural chemical cue to stimulate and
alter the expression of fungal secondary metabolism. Integrated
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HTP micro-cultivation and micro-analysis methods determined
that 6 of 40 (15%) of fungi tested responded to an optimal exposure to LPS (0.6 ng/mL) by activating, enhancing, or accelerating secondary metabolite production. To explore possible
mechanisms behind this effect, we employed light and fluorescent microscopy in conjunction with a nitric oxide (NO) sensitive fluorescent dye and an NO scavenger to provide evidence
that LPS stimulation of fungal secondary metabolism coincided
with LPS activation of NO. Several case studies demonstrated
that LPS stimulation can be scaled from single microplate well
(1.5 mL) to preparative (>400 mL) scale cultures. For example,
LPS treatment of Penicillium sp. (ACM-4616) enhanced pseurotin A, and activated pseurotin A1 and pseurotin A2 biosynthesis,
whereas LPS treatment of Aspergillus sp. (CMB-M81F) substantially accelerated and enhanced the biosynthesis of shornephine A and a series of biosynthetically related ardeemins, and
activated production of neoasterriquinone. As an indication of
broader potential, we provide evidence that cultivations of Penicillium sp. (CMB-TF0411), Aspergillusniger (ACM-4993F),
Rhizopusoryzae (ACM-165F) and Thanatephorus cucumeris
(ACM-194F) were responsive to LPS stimulation, the latter 2
examples being particular noteworthy as neither are known to
produce secondary metabolites. Our results encourage the view
that LPS stimulation can be used as a valuable tool to expand the
molecular discovery potential of fungal strains that have either
been exhaustively studied by, or that are unresponsive to traditional cultivation methodology.
CONCLUSION

Nature is a good source and producer of small molecules that
have a great interaction with biological targets. Despite that
natural products continue to provide more than half of all new
drugs approved by the US Food and Drug Administration (FDA)
during the last century, there is a huge shift in finding a new molecules to overcome the threat coming from multi-drug resistance
bacteria and cancer resistant cells.
The decline in the pipeline for the discovery of new
microbial metabolites can be attributed to the continuous rediscovery of known metabolites and we believe that the main
reason for the decline in the discovery of new biologically active
compounds can be that many of the microbial genes can remain
dormant under normal laboratory conditions. Therefore, the microbe may require an external stimuli in order to start behave
in different way and try to produce different chemistry. In fact,
modern genomics have opened the tools and brighten our understanding of the microbial secondary metabolism. Medema et
al69 have demonstrated a computational analysis of the microbial
metabolism through comprising approximately 300 microbial
genome, which lead to the prediction of thousands of microbial
genome sequencing. This great outcome provides the opportunity for the acquisition of the full microbial genome and the availability of high throughput sequencing technologies with modern
analytical instrumentation allowed to determine or postulate the
type of metabolites that can be produced by any microorganisms.
Vaccin Res Open J
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Therefore, we found that it is worthwhile to try to find
a new paradigm for drug discovery to help to overcome the limited laboratory conditions and to establish a new technique to
target the production of antibiotics. In order to perform such
paradigm, we established a combinatorial chemical libraries in
order to cover much chemical space to increase the probability
of wakening up the silent genes and turning on new secondary
metabolites.
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ABSTRACT
Background: Dendritic cell (DC) vaccine is a hopeful approach for cancer treatment. In clinical trials, DC vaccines have produced clinical responses in some cancer patients. However, DC
vaccines efficacy is not satisfactory in most types of cancer and more efforts must be done to
improve their effectiveness in advanced cancers. Understanding the influence of tumor cells
and tumor stromal cells on DCs and the antitumor activity of ex vivo generated DCs in the
tumor microenvironment can help to augment antitumor efficiency of ex vivo generated DCs.
In a fibrosarcoma tumor model, we explored effects of the tumor microenvironment on the
antitumor efficacy of ex vivo generated DCs.
Methods: DCs were generated from mouse bone marrow precursor cells in the presence of
granulocyte-macrophage colony-stimulating factor (GM-CSF) and interleukin-4 (IL-4). DCs
were pulsed with tumor antigens and matured in the presence of tumor necrosis factor-alpha
(TNF-α), lipopolysaccharide (LPS), or TNF-α plus LPS. Mature or immature DCs were injected subcutaneously before tumor inoculation or were directly injected into the tumor tissue.
Results: Tumor antigen-pulsed DCs matured in the presence of TNF-α plus LPS showed appropriate functionality in vitro, including IL-12 secretion and induction of lymphocyte proliferation. Tumor lysate-loaded DCs matured in the presence of TNF-α did not show appropriate
antitumor function in vivo. Injection of antigen-unpulsed mature DCs two days before tumor
inoculation resulted in antitumor effects. In contrast, injection of immature DCs directly into
the tumor tissue enhanced the tumor growth.
Conclusion: These results suggest that tumor cells, tumor stromal cells, or tumor derived factors can influence DCs to have tumor-promoting function. Appropriate maturation induction in
ex vivo generated DCs and manipulating the tumor microenvironment before DC vaccination
may improve antitumor activity of DC vaccines in cancer patients.
KEYWORDS: Cancer vaccine; Dendritic cell; Maturation status; Antitumor activity; Tumor microenvironment.
ABBREVIATIONS: DC: Dendritic Cell; GM-CSF: Granulocyte-Macrophage Colony-Stimulat-
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ing Factor; IL: Interleukin; TNF-α: Tumor Necrosis Factor-Alpha; LPS: Lipopolysaccharide;
APCs: Antigen Presenting Cells; MHC: Major Histocompatibility Complex; PRRs: Pathogen/
Pattern Recognition Receptors; TLRs: Toll Like Receptors; RNA: Ribonucleic Acid; IU: International Unit; FBS: Fetal Bovine Serum; mAb: Monoclonal Antibody; rm: Recombinant
Mouse; RBC: Red Blood Cells; PBS: Phosphate Buffered Saline; HEPES: 4-(2-Hydroxyethyl)1-Piperazinyl-Ethane-2-Sulfonic Acid; MTT: Methylthiazolyldiphenyl-Tetrazolium Bromide;
Th: Helper T; STAT4: Signal Transducer and Activator of Transcription 4; T-bet: T Box Transcription Factor; NK: Natural Killer; ELISA: Enzyme-Linked Immunosorbent Asaay; LFA3: Lymphocyte-Function Associated Antigen-3; ICAM-1: Intracellular Adhesion Molecule-1;
CD40L: CD40 Ligand; PGE: Prostaglandin E; VEGF: Vascular Endothelial Growth Factor;
Tregs: Regulatory T cells; IFN-g: Interferon Gamma; IFN-α: Interferon Alpha; Poly I:C: Polyinosinic-Polycytidylic Acid; T-ALL: T-cell Acute Lymphoblastic Leukemia; IDO: Indoleamine
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2,3-Dioxygenase; TGF-β: Transforming Growth Factor-Beta;
PD-L1: Programmed Death-Ligand 1; FOXO3: Forkhead Box
O3; NO: Nitric Oxide.
INTRODUCTION

Dendritic cells (DCs) have a central role in body’s immune system by triggering antigen-specific immune responses. DCs are
the most potent antigen presenting cells (APCs) as they have a
high capacity to take up antigens from the periphery, and processing and presenting them at the cell surface in the context
of both major histocompatibility complex (MHC) class I and
class II molecules. After antigen capture, DCs migrate to the
peripheral lymphoid tissues and upregulate expression of MHC
molecules as well as costimulatory molecues at the cell surface,
and secrete several chemokines and cytokines to attract T cells,
as well as other immune cells, and induce their differentiation
towards specialized effector immune cells.1,2 DCs are functionally divided into immature DCs and mature DCs. Immature DCs
are usually found in nonlymphoid tissues and express pathogen/
pattern recognition receptors (PRRs) such as toll like receptors
(TLRs) to explore periphery from pathogenic agents. Immature
DCs have a high capacity to capture and process antigens, but
are unable to react with T cells. These cells have intracellular
MHC class II molecules and express low levels of MHC class II
and costimulatory molecules on the cell surface compared with
mature cells. After antigen capture, they migrate to peripheral
lymphoid tissues and become mature. Mature DCs express upregulated levels of MHC molecules, costimulatory molecules
such as CD40, CD80 (B7-1), and CD86 (B7-2), and adhesion
molecules such as lymphocyte-function associated antigen-3
(LFA-3/CD58) and intracellular adhesion molecule-1 (ICAM1/CD54). Expression of MHC molecules and MHC-peptide
complexes on DCs is 10-100 fold more than other professional
APCs, including B cells and monocytes. Mature DCs can also
produce several cytokines and other soluble factors. Phenotypical and functional changes occur within one day after exposure
of DCs to maturation stimuli.2,3 Therefore, mature DCs are efficient in activation of naïve T cells as well as some other immune
cells. Maturation of DCs is mediated by different stimuli including microbial products such as LPS, and peptidoglycan, TLR
agonists, cytokines, prostaglandins, and CD40 ligand (CD40L)
expressed on T cells. TNF-α and CD40L can block differentiation of granulocytes from precursor cells and stimulate terminal
maturation of DCs.4
Since mid-1990’s, DCs pulsed with peptide antigens
were used to induce antigen-specific immune responses. DCs
pulsed with peptides or soluble protein induced antigen-specific
cytotoxic T cells.5,6 Because tumor specific/associated antigens
are not identified in most cancers, tumor cell lysates were extensively used as a source of tumor antigens for antigen loading
of DCs. Stimulation of T cells by tumor lysate-pulsed DCs led
to generation of tumor-specific cytotoxic T cells.7 Furthermore,
total tumor antigen vaccines contain both MHC class I- and class
II-restricted epitopes, hence, these vaccines can induce multivalent CD4+ and CD8+ T cell responses. In general, tumor cell
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lysate-pulsed DCs have produced better clinical responses than
highly specific tumor vaccines. Other approaches, including
tumor cell ribonucleic acid (RNA) and fusion of tumor cell to
DC, have also been used for antigen loading of DCs.4 Recently,
encapsulated peptides in biodegradable nanoparticle have been
successfully used to enhance DC presentation of peptides in the
context of MHC class I and class II molecules.8 Virally-engineered DCs have also been used to activate antigen-specific immune responses against murine tumors9-11 and human cancer cell
lines.12
In this work, we produced DCs from bone marrow precursor cells, assessed their immunophenotype and function in
vitro as well as their antitumor activities in vivo, and investigate
effects of maturation status of DCs and influences of the tumor
environment on the antitumor efficacy of DCs.
MATERIALS AND METHODS
Tumor Cell Line and Culture Media

Fibrosarcoma cell line, Wehi-164, was cultured in RPMI-1640
medium (Gipco-Invitrogen, UK) supplemented with 2 mM Lglutamine (Sigma-Aldrich, UK), penicillin-streptomycin mixture with 100 IU/ml penicillin and 100 µg/ml streptomycin
(Sigma-Aldrich, UK), and 10% heat-inactivated fetal bovine
serum (FBS) (Gipco-Invitrogen, UK). Cell culture flasks were
incubated at 37 °C in atmosphere containing 5% CO2 and 95%
humidity. Cells were sub-cultured every 3 days after treatment
with trypsin (Sigma-Aldrich, UK).
Antibodies and Reagents

Fluorochrome conjugated monoclonal antibodies (mAb) were
used to examine DCs immunophenotype by flow cytometry.
FITC-conjugated anti-mouse CD11c (N418), PE-conjugated
anti-mouse I-A/I-E (M5/114.15.2), CD40 (1C10), CD80 (1610A1), CD86 (GL-1), purified anti-mouse CD16/32 and appropriate isotype control mAbs conjugated to FITC or PE were
purchased from Biolegend (CA, USA). Cytokines used for ex
vivo generation and maturation of DCs, included recombinant
mouse-granulocyte-macrophage colony stimulating factor (rmGM-CSF), rm-interleukin-4 (rm-IL-4), and rm-TNF-α, were obtained from BD-Pharmingen (CA, USA).
Ex Vivo Generation of DCs from Bone Marrow Precursor Cells

Bone marrow cells were obtained from femur and tibia of 6 to
10 wk old BALB/c mice by flushing into RPMI-1640 medium
(Gipco-Invitrogen, UK) and red blood cells (RBC) were depleted by RBC lysis buffer (Biolegend, USA). After washing,
0.7-1.5×106 cells/ml were cultured in RPMI-1640 supplemented
with 2 mM L-glutamine (Sigma-Aldrich, UK), 50 µM 2-mercaptoethanol (Daejeon, Korea), penicillin-streptomycin mixture
with 100 IU/ml penicillin and 100 µg/ml streptomycin (SigmaAldrich, UK), 1000 IU/ml GM-CSF (BD-Pharmingen, USA),
500 IU/ml IL-4 (BD-Pharmingen, USA), and 10% FBS (GipcoPage 26
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Invitrogen, UK). Cell culture plates were incubated at 37 °C in
atmosphere containing 5% CO2 and 95% humidity. On days 3
and 5, fresh culture medium containing 2 mM L-glutamine, 50
µM 2-mercaptoethanol, 100 IU/ml penicillin, 100 µg/ml streptomycin, 1000 IU/ml GM-CSF, 500 IU/ml IL-4, and 10% FBS
were added to the plates. Morphology and immunophenotype of
ex vivo generated DCs were analyzed by microscopically examination and immunofluorescence staining and flow cytometric
analysis, respectively.
Immunofluorescence Staining and Flow Cytometric Analysis of
Ex Vivo Generated DCs

Non-adherent cultured cells were harvested on day 6, washed
two times with phosphate buffered saline (PBS), and stained
with anti-CD11c, anti-I-A/I-E, anti-CD40, anti-CD80, and antiCD86 FITC- or PE-conjugated monoclonal antibodies. After incubation at 4 °C in the dark for 30 minutes, cells were washed
by PBS supplemented with 0.5% FBS and immediately assayed
by a FACSCalibur flow cytometer (Becton Dickinson, USA).
Acquired data were analyzed using CellQuest software (Becton
Dickinson, USA). In all experiments, isotypically stained cells
were used to set cursors so that the results of ˂1% of cells were
considered positive.
Tumor Cell Lysate Preparation

Fibrosarcoma tumor cells were cultured in RPMI-1640 supplemented with 2 mM L-glutamine, 100 IU/ml penicillin, 100 µg/
ml streptomycin, and 10% heat-inactivated FBS, as mentioned
in the previous section. Cells were harvested by trypsinization,
washed in PBS, and resuspended in PBS at 1×107 cells/ml. For
preparation of tumor cell lysate, fibrosarcoma cells underwent
four cycles of freezing and thawing in liquid nitrogen and 37 °C
water bath, respectively. At this point, 100% of cells were seen
to take up trypan blue when assessed by light microscopy. After
centrifugation at 300 g for 10 minutes, the supernatants were
taken and stored at -20 °C or -75 °C.
Tumor Antigen Loading of DCs

On day 6, DCs were harvested and cultured in fresh RPMI-1640
medium at a concentration of 1×106 cells/ml. For tumor antigen
loading, tumor cell lysate was added to the DCs at a ratio of
three tumor cell equivalents to one DC. Coculture continued for
four hours. Some DCs did not cocultured with tumor cell lysate
(unpulsed DCs).
Induction of Maturation in DCs

Maturation of ex vivo generated DCs was stimulated with TNF-α
and/or LPS (Sigma-Aldrich, UK). After antigen loading of DCs,
5 ng/ml TNF-α and 0.5 µg/ml LPS were added to the culture medium of DCs separately or in combination. Culture incubation
was continued for another 24 hours. Some DCs cultured in the
absence of TNF-α/LPS (immature DCs). Maturation of DCs was
assessed by flow cytometric analysis of upregulation of MHC-II
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molecules and costimulatory molecules CD40, CD80, and CD86
on DC cell surface.
FUNCTIONAL ANALYSIS OF DCs IN VITRO
Analysis of Proliferation Induction in Lymphocytes

Antigen loaded mature DCs are potent stimulator of proliferation in lymphocytes. For evaluation of this property in ex vivo
generated DCs, DCs (2×104 cells/ml) were cocultured with splenocytes (2×105 cells/ml) obtained from naïve BALB/c mice at a
responder-to-stimulator ratio of 10:1 (splenocyte:DC) in RPMI1640 containing 15 mM HEPES (Sigma-Aldrich, UK), 2 mM
L-glutamine, 100 mM nonessential amino acids (Biochrom AG,
Germany), 100 IU/ml penicillin, 100 µg/ml streptomycin, and
10% heat-inactivated FBS in 96 well plates. After incubation
of plates for 96 hours at 37 °C in atmosphere containing 5%
CO2 and 95% humidity, MTT, 3-(4,5-Dimethyl-2-thiazolyl)-2,5diphenyl-2H-tetrazolium bromide, (Sigma-Aldrich, UK) was
added to the wells and proliferation was assessed according to
the manufacturer instructions.
Measurement of IL-12 Secretion

DCs can direct differentiation of naïve CD4+ T cells toward type
1 helper T (Th1) cells, a major subset of CD4+ T cells with antitumor activity, by secretion of large amount of interleukin-12
(IL-12).13 IL-12 activates signal transducer and activator of transcription 4 (STAT4) signaling pathway and the transcriptional
factor T-bet, which are involved in the differentiation of naïve
CD4+ T cells into Th1 cells. This cytokine also activates natural
killer (NK) cells14 and has potent antitumor activities.15 Therefore, we assessed IL-12 secretion by ex vivo generated DCs. DCs
were cocultured with splenocytes at a responder-to-stimulator
ratio of 10:1 (splenocyte:DC) in RPMI-1640 containing 15 mM
HEPES (Sigma-Aldrich, UK), 2 mM L-glutamine, 100 mM
nonessential amino acids (Biochrom AG, Germany), 100 IU/ml
penicillin, 100 µg/ml streptomycin, and 10% heat-inactivated
FBS. After 48 hours, culture supernatants were collected and
IL-12 secretion was measured by measuring IL-12p70 in the
supernatant of cultures using a commercial ELISA kite (R&D
systems, Australia) according to the manufacturer instructions.
EVALUATION OF ANTITUMOR EFFECTS OF DCs IN VIVO
Vaccination with Mature DCs

For evaluation of antitumor effects of ex vivo generated DCs in
vivo, DCs (1×106 cells/200 µl) pulsed with tumor antigens, or
unpulsed DCs, matured with TNF-α were injected subcutaneously to the flank of female 8-10 wk old BALB/c mice (antigen
pulsed DC group and unpulsed DC group, respectively). Two
groups of mice were also injected with tumor cell lysate and
PBS (tumor lysate group and PBS group, respectively). One
other group was considered as healthy control group that did
not receive any treatment (number of mice in each group was
3-5). Forty-eight hour later, fibrosarcoma tumor cells (0.7×106
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surface of cells cultured in the presence of GM-CSF and IL-4.
These cells did not express CD4 or CD8 on their cell surface
(data did not show). At the end of culture period, 5-7×106 DCs
were obtained from 2-2.5×107 cultured bone marrow cells.

cells/200 µl) were inoculated subcutaneously to the same flank
(previously injected site) of all mice, except for healthy control
group. Tumor growth was examined every 3-4 day up to 40 days
after tumor inoculation. Tumor sizes were measured by a digital caliper and tumor volumes were calculated by the formula
“length×width2×0.5”.

In Vitro Functional Analysis of DCs

Injection of Immature DCs Directly into the Tumor Tissue

Induction of proliferation in splenocytes: Results of MTT assay

For evaluation of the effects of the tumor microenvironment
on antitumor activity of ex vivo generated DCs, immature DCs
were injected to mouse harboring large established tumor. Fibrosarcoma tumor cells (1-1.5×106 cells/200 µl) were inoculated
subcutaneously to right flank of mice. After 30 days, immature
DCs were injected directly into the tumor tissue in three different sites. Tumor growth was measured every 3-4 day up to
day 50. One group of mice received PBS and another group was
considered as healthy control group (n=5).
RESULTS
Morphology and Immunophenotype of Ex Vivo Generated DCs

Some bone marrow cells cultured in the presence of GM-CSF
and IL-4 were differentiated into DCs within two days of culture, but the numbers of DCs showing the DC morphology were
increased by enhancing the culture duration time. Cells cultured
in the absence of GM-CSF and IL-4 did not show any cellular
projections (dendrites) and enlarged cell size. Also, the numbers
of cells in these cell culture wells were diminished at the end of
incubation period. In contrast, cells cultured in the presence of
GM-CSF and IL-4 showed large cell sizes and enormous cellular
dendrites indicative of DCs (Figure 1).
Flow cytometric analysis of cell surface expression of
CD11c, MHC class II, CD40, CD80, and CD86 molecules also
confirmed the generation of DCs from bone marrow precursor
cells cultured in the presence of GM-CSF and IL-4. At day 7
of culture, more than 84% of cells expressed CD11c and MHC
class II molecules (Figure 2). Expression of costimulatory molecules CD40, CD80, and CD86 was also upregulated at the cell

showed that tumor antigen-loaded DCs matured with TNF-α or
LPS plus TNF-α induced proliferation of splenocytes, but immature DCs did not. Splenocytes cultured in the absence of DCs
did not proliferate. Cell counting by trypan blue exclusion test
and microscopically examination also confirmed proliferation of
splenocytes in the presence of mature DCs as numbers of splenocytes were enhanced 3-4 fold after four days. There was no
increase in the numbers of splenocytes cultured in the absence
of DCs.

IL-12 secretion: IL-12p70 was not detectable by the commercial
standard ELISA kit in the culture supernatant of immature DCs
cocultured with splenocytes, as well, in the supernatant of splenocytes cultured alone. IL-12p70 level was low in the supernatant of TNF-α-induced mature DCs cocultured with splenocytes.
In contrast, high level of IL-12 was detected in the supernatant
of LPS plus TNF-α induced-mature DCs cocultured with splenocytes (Figure 3).
In vivo antitumor effects of DCs: Tumor growth rate was similar
in mice received PBS, tumor cell lysates, or tumor cell lysatepulsed DCs matured with TNF-α. But, injection of antigen-unpulsed mature DCs 48 hour prior to tumor inoculation led to
delayed tumor growth in 2 of 3 mice. Injection of immature DCs
directly into the tumor tissue resulted in enhanced tumor growth
when compared with tumor growth rate in mice of control tumor
group (Figure 4).
DISCUSSION

DCs with potent immunostimulatoy activity at the tumor sites
are needed for efficient anticancer DC vaccine. Maturation and
activation status of DCs robustly dictate immunostimulatory or

Figure 1: Bone marrow cells cultured in the presence of GM-CSF and
IL-4 showed typical dendritic morphology. Cells were cytocentrifuged for
Giemsa staining (×400).
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Figure 2: Flow cytometric analysis of ex vivo generated DCs. DCs differentiated from bone marrow precursor cells were
examined for the expression of DC cell surface marker CD11c, costimulatory molecules CD86, as well as MHC class II
molecules by flow cytometric analysis.
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Figure 3: IL-12p70 secretion by ex vivo generated DCs. DC-Lys: DCs pulsed with tumor
cell lysates, DC-Lys/TNF-α: DCs pulsed with tumor cell lysates and then matured in the
presence of TNF-α; DC-Lys/TNF-α+LPS: DCs pulsed with tumor lysates and then matured in the presence of TNF-α and LPS.

immunoregulatory activities of DCs. Various maturation stimuli have been used to induce maturation in ex vivo generated
DCs. In previous studies, a cytokine cocktail including TNF-α,
interleukin-1 beta (IL-1β), interleukin-6 (IL-6) and prostaglandin E2 (PGE2) has been used for maturation induction in DCs.16
However, these DCs failed to produce IL-12 and exhibited weak

Vaccin Res Open J

Figure 4: Intratumoral injection of immature DCs directly into established tumor
tissue resulted in enhanced tumor growth rate.

immunogenicity.17 Furthermore, in later studies PGE2 has been
shown to induce interleukin-10 (IL-10) and vascular endothelial
growth factor (VEGF). These matured DCs were also capable
of expanding regulatory T cells (Tregs),18,19 a major immunosuppressive cell type in cancer.20 Myeloid DCs generated in the
presence of IL-1β, TNF-α, interferon-gamma (IFN-γ), inter-
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feron-alpha (IFN-α), and polyinosinic-polycytidylic acid (poly
I:C) showed high migratory activity and produced high levels of
IL-12p70 (the founding member of IL-12). These DCs induced
up to 40-fold higher numbers of melanoma-specific cytotoxic T
cells when compared to DCs matured by IL-1β, TNF-α, IL-6,
and PGE2.21 Although maturation of human DCs with a combination of IL-1β, TNF-α, IFN-γ, IFN-α, and poly I:C resulted in
production of high levels of IL-12p70, however, this cocktail did
not induce better T cell activation than the standard DC maturation cocktail.22 In our 8 days culture of DCs, TNF-α induced upregulation of MHC class II and costimulatory molecules on the
cell surface of DCs. Tumor cell lysate-loaded DCs matured in
the presence of TNF-α plus IFN-γ produced high levels of IL-12
in vitro while DCs matured in the presence of TNF-α alone produced low levels of IL-12. Thus, results emphasis that appropriate maturation stimuli should be used for induction of antitumor
activity in ex vivo generated DCs.

In some studies, tumor infiltrating DCs have been
shown to have an immature phenotype with low expression
of costimulatory molecules and incapable of inducing potent
antitumor immune responses.27,28 In a murine ovarian carcinoma model, tumor progression was correlated with phenotypic
changes in tumor-infiltration DCs from immunostimulatory to
immunoinhibitory.29 Melanoma-derived factors suppressed expression of costimulatory molecules CD80 and CD86 and altered production of proinflammatory cytokine/chemokine by
DC lines in vitro.30 Melanoma-derived factors also altered maturation and activation of differentiated tissue resident DCs.31 In a
lung metastasis model of melanoma, tumor-altered chemokine
expression by lung-resident DCs correlated with increased lung
infiltration by tumor-associated macrophages with M2 phenotype.31 Freshly isolated tumor cells could derive DCs to differentiate into immunosuppressive DCs expressing high levels of
IL-10, nitric oxide (NO), VEGF, and arginase I.32

In various murine tumor models, intratumoral injection
of DCs retrovirally transduced with IL-12 gene led to regression
of day 7 established tumors (eventual rejection in 2 of 5 tumors).
In contrast, intratumoral injection of non-transduced DCs did
not show significant antitumor effects. IL-12-transduced DCs
could migrate to tumor-draining lymph node to the same extent
as non-transduced DCs. Furthermore, intratumoral injection of
IL-12-transduced DCs induced more tumor-specific Th1-type
responses in regional lymph nodes and spleen than non-transduced DCs.23 In a mouse intracranial glioma model, intratumoral injection of interleukin-23 (IL-23)-transduced DCs induced
effective antitumor immunity. Robust intratumoral CD4+ and
CD8+ T cell infiltration, specific Th1-type response to the tumor in regional lymph nodes and spleen at levels greater than
those of non-transduced DCs, and systemic immunity against
the same tumor rechallenge were observed in animals received
intratumoral injection of IL-23-transduced DCs.24 In our study,
injection of antigen-unpulsed mature DCs two days before tumor inoculation resulted in antitumor effects while injection of
immature DCs directly into the tumor tissue enhanced the tumor
growth.

Recently, presence of immature DCs has been found to
be associated with tumor growth and angiogenesis.33 In a mouse
model of ovarian carcinoma, immature DCs contributed to ovarian cancer progression by acquiring a proangiogenic phenotype
in response to VEGF secreted by engineered VEGF-A-expressing tumor cells.34 Immature DCs expressing VEGF-receptor 2
have also been contributed to the tumor angiogensis in a murine
model of endometriosis and in the peritoneal Lewis lung carcinoma tumor model.35 DCs can help angiogenesis by producing
factors that promote growth of endothelia cells.36 In addition,
DCs participated in the generation of neovessels by interacting
with endothelial cells and stabilizing newly expanded vasculature at the level of lymph nodes.37 On the other hand, DCs
cultured in the presence of tumor derived factors showed some
characteristics of endothelial cells suggesting transdifferentiation of DCs into epithelial-like cells.38,39

To explain these findings, it is important to know how
ex vivo generated DCs affect tumors, and vice versa. In multiple
murine T-cell acute lymphoblastic leukemia (T-ALL) and primary patient samples, tumor associated DCs were identified as
a key cell type in the tumor microenvironment and these DCs
were necessary and sufficient to support T-ALL survival ex
vivo.25 In transgenic adenocarinoma of mouse prostate model,
tumor-infiltrating plasmacytoid DCs expressed low levels of
costimulatory ligands CD80 and CD86 and elevated levels of
indoleamine 2,3-dioxygenase (IDO). DCs isolated from prostate tumor tissues were able to tolerize peripheral blood T cells
and microarray-based gene expression analysis showed that the
tumor associated DCs express upregulated levels of genes associated with immune suppression such as IDO, arginase, transforming growth factor-beta (TGF-β), programmed death-ligand
1 (PD-L1), and forkhead box O3 (FOXO3).26
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These findings indicate that tumor cells, tumor stromal
cells, or tumor derived factors can dampen antitumor activity of
DCs. On the other hand, DCs may encourage tumor growth by
immunosuppressive activities or other effects such as promotion
of tumor angiogenesis. Appropriate maturation induction in ex
vivo generated DCs and manipulating the tumor microenvironment before DC vaccination may improve antitumor efficacy of
DC vaccines.
CONCLUSION

For improving antitumor efficacy of DC vaccines it is important to understand how tumor and DCs influence each other. In
several studies, tumor-associated DCs were immunosuppressive
as they were unable to trigger tumor specific immune responses
or they induced immunoregulatory cells expansion. Tumor-infiltrating DCs have also been related with tumor angiogenesis.
Our results reveal that one of the main reasons why anticancer
DC vaccines show limited successfulness in clinical trials may
be adverse effects of the tumor microenvironment on DCs. It
should be taken into account that DCs have a high plasticity,
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especially in the tumor microenvironment, and efforts must be
done to improve their antitumor efficiency for example by optimal maturation of ex vivo generated DCs and reprogramming
the immunosuppressive status of the tumor microenvironment.
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