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Editorial
It has been suggested that “in the first two decades of the

twenty-first century one billion people will become infected
with tuberculosis” [1]. McMillen suggests that of these, “two
hundred million will live with an active disease [1]”. Although
Robert Koch discovered the cause of tuberculosis (TB;
Mycobacterium tuberculosis), microscopically, in 1882, using
an acid-fast stain [2]. A vaccine has been developed and in use
for approximately 100 years, and a number of drugs (e.g.,
antibiotics) have been in use for more than six decades [1,2].
However, approximately 1.5-2 million people die worldwide of
complications of TB per year [3]. Many of these complications
involve opportunistic infections like HIV/AIDS as well as
invasion of the lungs with Candida/Aspergillus fungi [4-6]. A
great many of these deaths appear to be due to a drug-
resistant TB crisis [1-3].

TB causes major dysfunction of different arms of the innate
immune system, particularly alveolar macrophages and
Natural Killer (NK) cells [3,7]. The NK cells together with the
macrophages contribute vey significantly to a host’s ability to
inhibit and keep-check on the growth of M. tuberculosis
[3,7,8]. Macrophages are, in many respects, like amoeba; they
engulf particulate matter, e.g., bacteria. The
immunocompetent macrophages ingest, digest, and degrade
microorganisms, in general, including M. tuberculosis. The NK
cells produce a variety of molecules which can prime
macrophages like interferon-γ (INF-γ) [7,8].

When macrophages are hyperactivated, they produce a
variety of molecules such as Tumor Necrosis Factor-α (TNF),
which then begin to produce interleukins, particularly IL-12
which exert direct stimulatory actions on NK cells, which in
turn will induce more IL-12 secretion from the latter NK cells
[7,8]. NK cells produce a variety of cytotoxic agents such as

IL-2, INF-γ, perforin, granzymes, and granulysin, among other
molecules [7-10].

Release of INF-gamma from these NK cells cause/trigger a
variety of mechanisms within the macrophages, i.e., activation
of NADPH-oxidase types 1 and 2, as well as several types of
reactive oxygen and nitrogen species, and receptor-
interacting-threonine kinases 1 and 3(RIP1-RIP3) which
promote programmed necrosis [3,10]. Normally, NK cells do
not produce IL-12, but do so with infections [9,10]. So, both
macrophages and NK cells work, normally, to stem infections.
However, in cases of TB, both cell types “bite-off- more than
they, literally, can chew-up” [9].

Once the TB mycobacteriums get inside the alveolar
macrophages, in the lung, they multiply and burst out of the
macrophages and infect other alveolar macrophages despite
some weakened stimulation from the NK cells. M. tuberculosis
bacilli cell walls have the capability to prevent fusion of
alveolar phagosomes with the lysosomes (which normally
contain a number of antibacterial), thus often protecting the
bacilli from being digested and killed. When the alveolar
macrophages die by necrosis, this pathologic phenomenon
damages the lungs and initiate inflammatory reactions, thus
recruiting other immune cells to the tissue-damaged lung
sites, and causing further tissue and cell damage. During these
inflammatory stages, multiple cytokines (above) are released
promoting further lung-tissue damage in a never-ending
pathological cycle, leading to bleeding and death of the host.
In view of this pathological cycle, and its dependence on loss
and damage of macrophages and NK cells, it would appear
that a proper therapeutic, and preventive, approach to drug-
resistant TB, would be to stimulate new macrophages and NK
cells with increased immunocompetence.
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By about 2075, the number of people dying from drug-
resistant infections (including that from TB) could reach in
excess of 35 million per year. Added to this is the ever-growing
and soaring worldwide use of antibiotics in agriculture. How
much of this indiscriminate use of antibiotics is contributing to
the ever-growing resistance of pathogens, like TB, to the
antibiotic over-use is not known [11].

Our laboratories have been working on a new approach to
develop host-defense factors that stimulate various arms of
the innate and adaptive immune systems. To this end, we have
discovered a new host-defence factor, termed “HDFx”, that is a
conserved protein found, so far, in mice, rats, guinea-pigs,
rabbits, dogs and sub-human primates [12-19]. We assume it is
also present in humans since it is a conserved molecule. More
than 135 years ago, Elie Metchnikoff, the great father of
immunology, hypothesized that the body, under stressful
conditions, might produce powerful immune-stimulants which
perforce would act on different arms of the innate immune
system and serve to protect against major injuries and
diseases [20]. Metchnikoff’s early studies pointed to the
important contributions of macrophages and phagocytic
leukocytes to natural (innate) resistance against pathogenic
bacteria and viruses. Over the past 30-40 years, considerable
evidence has accumulated to support a strong relationship
between the functional (physiological) state of the
microcirculation, macrophages-phagocytes, NK cells, the
reticuloendothelial system, and “pit cells” in the liver to host
defense and resistance to pathogens, trauma, circulatory
shock and combined injuries [3,7-10,21-29].

Recent studies from our laboratories have clearly shown
that HDFx is protective (to different degrees) against a variety
of systemic bodily insults ranging from hemorrhage, trauma,
endotoxins, a variety of lethal bacteria (e.g., E. coli, S.
enteritidis, C. welchii) to fungi such as candida, Aspergillus, and
Fumigatus microorganisms [21-29]. HDFx is a conserved 35-40
kDa protein found in a variety of mammals including sub-
human primates [21-29]. A unique attribute of HDFx is that it
accelerates tissue-wound healing [23]. Most importantly, HDFx
has been shown to inhibit the release of multiple cytokines
and chemokines, from macrophages and lymphocytes,
including TNF-α, IL-6, IL-8, IL-1β, IFN-γ, and IL-12 as well as
several macrophage factors, in animals subjected to
inflammatory conditions, circulatory shock, ischemia,
endotoxin release, bacterial invasions, hemorrhage, and
trauma [21,24-29]. In other words, HDFx clearly can either
prevent or ameliorate the intensity of “cytokine storms” under
a variety of conditions which normally produce intense
inflammatory responses, severe tissue injury, and bleeding;
events that eventually compromise and kill the host from TB
invasion [16-18,21]. We also produced preliminary data to
suggest that HDFx might be useful in the treatment and
amelioration of hemorrhagic fevers [16].

“Superbugs”, like TB (as seen in HIV infections in patients),
seem to be major culprits in many hospitalized patients. Many
of the major antibiotics usually administered to TB and HIV
patients either are not effective or have very diminished
effectiveness [1-3,8]. In order to kill most bacteria, particularly

the TB bacterium, most of the approaches towards treatment
have been to design antibiotics which can penetrate the M.
tuberculosis, macrophage and NK cell membranes, but most
importantly the “waxy” coating on the TB bacterial
membranes (due to mycolic acid) of the TB bacteria, is a very,
very difficult task. In our opinion, another likely approach
would be to engulf increased amounts of bacteria and
accelerate the digestive processes within the “supercharged”
macrophages and NK cells. HDFx appears, at least
experimentally, to induce a “supercharged effect” [21-29]. But
for this to occur in an expeditious manner, microcirculatory
blood flows in the lung circulatory tree must perforce produce
optimal or increased flow and distribution within the lung
tissues. Therefore, an ideal drug or therapeutic molecule
would be one that could stimulate multiple arms of the innate
immune system coupled to modulation of microcirculatory
blood flows to the aforementioned key organ tissues and cells.
So far, of all molecules, we have investigated, HDFx appears to
be the only molecule that embodies all these qualities and
demonstrates therapeutic attributes against several
“superbugs”.

In conclusion, we believe that the approaches outlined in
the above, using HDFx or its derivatives, could be the ideal
drugs to pre-treat, as well as treat, all TB-antibiotic resistant
patients and HIV patients who would be susceptible to
invasion by TB bacteria.
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