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Abstract
The immune/ inflammation system potentially serves to arrest, eliminate or promote tumor development. Nonetheless, factors that dictate the choice are not comprehensively known yet. Using
a B16/F1 syngeneic wild type model, we evaluated the essentiality of initial transformed cells’
density for overt tumor development, the molecular trends of inflammatory mediators in the
normal tumor-adjacent epithelial tissues (NTAT), and how such local events may reflect systematically in the host. Overt tumors developed, within an observatory period of at least 45 days
and 90 days at most, only in mice inoculated with cancer cells above a limiting threshold of 1× 103
cells. Immunoblots showed early, intense and transient presence of IL-1β, IFN-γ, and both the
all-thiol and disulfide forms of HMGB1 in the NTAT of non-tumor bearing mice. However, all-thiol
form of HMGB1 and delayed but aberrant IL-6 expression characterized chronic inflammation in
tumor bearing hosts. These local epithelial tissue events uniquely reflected in host’s systemic
cytokines dynamics where stable Th1/Th2 signature (IFN-γ/ IL-4) coupled with early Th1 cells
polarization (IL-12/ IL-4) evidenced in non-tumor hosts but highly fluctuating Th1/ Th2 profile in
tumor hosts, even before tumors became overt. This hypothesizes that the physical quantum of
transformed cells that may either spontaneously arise or accrue at a locus may be crucial in orchestrating the mechanism for the type of local epithelial tissue and systemic immune/ inflammatory responses essential for tumor progression or arrest.
Key words: Cancer cell density, minimum tumorigenic threshold, inflammation, overt tumor,
Th1/Th2/Th17 cytokines.

Introduction
Development of clinically overt tumor is a multi-faceted dynamic process that is initiated from a
nascent transformed cell through to the formation of a
bulky heterogeneous cancerous cell population at a
specific location within the body [1]. All through the

process, and beyond cell-intrinsic tumor suppressor
mechanisms, the immune system influences several
intrinsic and employs extrinsic mechanisms to either
completely eliminate, arrest, or educate for immune
escape the transformed cells [2, 3]. All things being
http://www.jcancer.org
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equal, pre-malignant and malignant cells can be restrained (occult) unless under dysfunctional or
weakened host's antitumor mechanisms; as evidenced
by increased tumor incidence in immune compromised subjects [4, 5].
One tumorigenesis concept that has generated
diverse views is with cancer stem cells (CSC) or tumor-propagating cells (TPC). While some suggest
cancer must be initiated by unique and rare cell types
[6, 7], others point to the view that cancer, at least
some, needs not be driven by such unique cells [8-10].
Clearly, these works are attempting to address an
important question about the cell "quality" essential
for tumorigenesis. As the investigations continue, a
plausible question in an immunocompetent host is
"beyond initial quality, could initial quantity be of any
significance and how?"
Rudolf Virchow in 1858 proposed that neoplasms and embryogenesis may share common principles and that inflammation and cancer may be
linked [11]. During embryogenesis and development,
the numbers of a particular precursor cell type within
a specified area, called community, are essential for
such cells to develop into a unique functional tissue,
in what is termed the community effect [12, 13]. One
essential factor observed in a Xenopus embryo model,
and modeled in silico, to have led to the collapse of
community effect was the initial number of cells [14].
Thus, quality and quantity go hand-in-hand in biological systems hence if this could hold and be extended to tumor development, then at some critical
cell number of either spontaneously nascent or
over-time-accumulated transformed cells, the host's
immune defense mechanisms could be effective at
eliminating, restraining or promoting such cells, upon
being sensed, thus a physico-physiological immune
modulation process.
The activation of the innate and subsequently
adaptive immune arm is precipitated by “danger
signals or alarmins” [15]. One such evolutionary conserved but functionally dynamic molecule is high
mobility group box 1 (HMGB1). It has the potential to
promote both cell survival and death by regulating
multiple signaling pathways, including inflammation
and immunity [16]. Its biological and immune functions are dependent on its post-translational modifications (redox or acetylation), and the presence of
other biological molecules such as cytokines [17- 19].
This makes HMGB1 an ideal alarmin that may not
only initiate and link but also polarize innate and
adaptive immune responses [20]. The overall consequence of these host immune/extrinsic defense
mechanisms on the initial transformed cells may either promote their death, arrest or progression.
This study employs B16/F1- C57BL/6 trans-
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plantation model to evaluate the significance of initial
number/ density of transformed cells for overt tumor
development, its influence on some innate immune
molecular mediators in immediate non-neoplastic
epithelial tissues, and how these local tissue events
may reflect on the host’s systemic immune/inflammation indicators.

Materials and Methods
Mice and Cell line
Six weeks old female C57BL/6 wild-type (WT)
mice were obtained from the Specific Pathogen Free
(SPF) Animal Center of Dalian Medical University
and maintained until 8 weeks old before used. All
animal experiments were approved by the Animal
Ethics Committee of Animal Care Center, Dalian
Medical University, China. B16/F1 melanoma cells
(ATCC, number: CRL-6323, USA) were grown in
DMEM supplemented with 10% heat-inactivated fetal
bovine serum (GIBCO, USA), 0.1% benzyl penicillin
and streptomycin (Thermo Scientific, USA). Cells
were maintained at 37°C in a humidified atmosphere
of 5% CO2.

Transplant model
Subcutaneous implantation of B16/F1 cells was
performed in 100 μl of Hank’s Balance Salt Solution
(HBSS; Thermo Scientific, USA) at the flank of
C57BL/6 WT mice with the indicated number of cells
(Table 1). Control mice received 100 μl of HBSS
without cells. Animals were monitored for tumor
growth at 3-day intervals for at least 45 days, and up
to 90 days for non-tumor bearing mice. In a tumor
bearing animal, tumor depth, maximal width, and
maximal perpendicular length were measured with a
digital caliper and the tumor volume estimated using
the formulae π × length × width × depth. The model
6

was repeated three times with similar results.
Table 1. Quantum of inoculated B16 cells and tumor incidence in
wild type C57BL/6 mice.
Group
C
G1
G2
G3
G4
G5
G6
G7

Approx. number of inoculated
cells
1 × 102
5 × 102
*1 × 103
5 × 103
1 × 104
5 × 104
1 × 105

Tumor incidence a (%)
0/6 (0)
0/15 (0)
0/15 (0)
0/15 (0)
6/15 (40)
12/15 (80)
15/15 (100)
15/ 15 (100)

C: control which received 100μl of HBSS without cells; * indicates the minimum
threshold (MT) of cancer numbers. a Tumor incidence represents the sum of all mice
that developed tumors in three independent model experiments of five mice per
group in each experiment.
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Blood and Tissue sampling

Cytometric bead array (CBA) assay

At 45 days post tumor cells implantation, animals were partially sedated by light ether inhalation.
Blood samples were collected by one-time orbital sinus bleeding of each animal and subsequently sacrificed by cervical dislocation. Sera were prepared from
blood samples, aliquoted and stored at - 80 °C until
used. Non-neoplastic epithelial tissues within the
immediate surroundings of the tumor bulk, thus
normal tumor-adjacent tissue (NTAT), in tumor
bearing mice (T) were carefully harvested to avoid
contamination from tumor cells or tissue (Fig. 1a).
Part of each tissue was immediately frozen or fixed in
4% paraformaldehyde. In control (C) and non-tumor
bearing mice (nT), the same procedure was performed
to harvest and process epithelial tissues around the
sites of injection.

Serum cytokines including IL-2, IL-4, IL-6, IL-10,
TNF-α, IFN-γ and IL-17A (Mouse Th1/Th2/Th17
Cytokine kit), IL-1α, IL-1β, IL-12p70, MCP-1 and
GM-CSF were determined using CBA assay (BD Biosciences, USA) according to manufacturer's instructions. Briefly, aliquots of sera were thawed and used
undiluted. Beads coated with capture antibodies were
mixed or used alone when there was fluorescence
position overlap. 50μl of capture bead mixture was
added to 50 µl of sample. To this sample-bead mixture, 50 µl of Phycoerythrinconjugated (PE) detection
antibody was added and incubated in the dark with
occasional shaking. All unbound antibodies were
washed prior to beads acquisition on BD FACSCalibur flow cytometer (BD Bioscience, USA). Serial cytokine standards were prepared and treated as above.
From the acquired data, standard curves were constructed (R2 > 0.99 for each cytokine) and test calculations performed using FCAP Array Software (BD Biosciences, USA). When the fluorescent signal of a
sample was equal to or below that of the positive
control, the cytokine level was set as zero.

Histological analysis
Hematoxylin–eosin (H & E) staining was done
on 4 µm sectioned paraffin-embedded specimens that
were previously fixed. Briefly, sections were rehydrated and counterstained with hematoxylin for 1 min
and eosin for 2 min according to standard protocol.
The sections were dehydrated and mounted with
cover slips.

Protein extraction, SDS-PAGE and Immunoblotting
Previously harvested tissues were minced and
lysed in chilled RIPA lysis buffer (KeyGEN, China)
supplemented with protease inhibitor cocktail (Sigma-Aldrich, USA) and PMSF (Thermo Scientific,
USA), and protein concentration determined using
DC Protein Assay kit (Bio-Rad, USA). Proteins were
separated on 12% or 10% bis-tris SDS-polyacrylamide
gels under reduced or non-reduced conditions, as
detailed elsewhere [21]. Separated proteins were
transferred onto 0.2 μm nitrocellulose membrane
(Whatman, USA) and probed with primary antibodies
overnight at 4ºC, after blocking with 3% BSA in 0.1%
PBST. Primary antibodies used were rabbit polyclonal
anti -HMGB1, -IL-1β, -IL-6, -IFN-γ (Proteintech, USA),
and rabbit anti-VEGF-A (Bioworld, USA). Anti-β-actin (Proteintech, USA) was used to control even
sample loading. Membranes were washed thrice in
0.1% PBST for 5 minutes each after primary antibody
incubation and the appropriate anti-species
HRP-conjugated secondary antibody (Santa Cruz,
USA) added for 60 min at room temperature. Protein
bands were visualized using Super Signal® West Pico
ECL kit (Thermo scientific, USA), and imaged and
analyzed with the Gel Documentation and Analysis
System (Bio-Rad, USA).

Statistics
Data were analyzed with GraphPad Prism software (version 5, GraphPad Software Inc., USA) and
presented as means ± SEM or median + range, where
appropriate, from separate experiments. Significant
differences between groups were assessed by Student's t test or Kruskal-Wallis test with Dunn's multiple comparison analysis, where appropriate. P < 0.05
was considered significant.

Results
Overt tumor incidence and volume are cancer
cell numbers dependent
We hypothesized that the number of transformed cells (a physico-physiological factor) that
could evade immunosurveillance of a host may be
essential for tumor development. To explore this,
wild-type C57BL/6 mice were inoculated with varying numbers (Table 1) of B16 tumor cells (viability
>95% by trypan blue exclusion) and monitored for at
least 45 days. All animals inoculated with a thousand
tumor cells (minimum threshold), and below, did not
develop tumors but above this threshold however, not
less than 40% tumor incidence was observed in all
mice (Table 1). The time to signs of overt tumor was
also tumor-number dependent (Fig. 1B). By day 9
post-implantation, the first tumor was visible in mice
that received the highest dose. By day 21, overt tumors were established in some of the mice that had
received tumor cells just above the minimum threshhttp://www.jcancer.org
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old. On day 45 post-implantation, the average tumor
volume per group was directly initial-inocula correlated, and significantly differed between groups (Fig.
1C).

Differential microvasculature, IL-6 expression
and HMGB1 dynamics in normal tumor-adjacent epithelial tissues (NTAT) of
tumor (T) and non-tumor (nT) bearing mice
Endothelial cell proliferation, a sign of angiogenesis, was observed in the NTAT of all tumor
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bearing, but not non-tumor bearing, animals (Fig. 2A).
Western blotting for VEGF-A expression corroborated
the histological observation where levels were at least
3.5 fold higher in NTAT of tumor bearing than in
non-tumor bearing (nT) mice (Fig. 2B). Interleukin 6
(IL-6) being essential for survival and growth of both
normal and premalignant epithelial cells, its expression level was significantly higher in NTAT of tumor
bearing mice compared with non-tumor bearing cohorts (Fig. 2C).

Figure 1. Tumor incidence and average volume are initial tumor inocula dependent: (A) Experimental model schematic. (B) Overt tumor establishment: the higher
the dose, the earlier the establishment of tumor. (C) Average tumor volume 6 weeks post-tumor implantation (image and graph). Bar graph data represents mean ± SEM of three
independent experiments. Statistical significance was calculated using Student's t test. *p < 0.05, **p < 0.01. C: control; G1: group 1; G2: group 2: G3: group 3; G4: group 4; G5:
group 5; G6: group 6; G7: group 7. T: tumor bearing; nT: non-tumor bearing.
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Figure 2. Angiogenesis, inflammation and expression pattern of redox forms of HMGB1 in NTAT: (A) To be certain that harvested NTAT were not contaminated
with tumor tissues, random sections of harvested NTAT from each group were H & E stained and critically examined under the microscope (Olympus BX41, Japan). Corresponding tumor samples from animals that developed tumors were used for comparison. All NTAT were free from tumor cells/tissue contamination. Endothelial cell proliferation/ angiogenesis (arrows) was common in the NTAT of tumor bearing mice but not in non-tumor or control mice. (B) VEGF-A protein expression levels in NTAT of tumor
(T) and non-tumor (nT) bearing mice. Expression levels were quantified by densitometric measurements using ImageJ software. Bars represent mean ± SEM. (C) IL-6 expression
in NTAT of tumor (T) bearing and non-tumor (nT) bearing. (D) Visual time course observation of tissue inflammation, tumor arrest or progression in two groups of mice (n =
12 per group) that were either inoculated with 1 × 103 cancer cells (MT) or 5 × 103 cancer cells (Above-MT) and sacrificed at the indicated time points. To aid visualization of
inflamed areas and implanted cancer cells, NTAT from MT mice were fixed in 4% paraformaldehyde for 3 days and then visualized on a transluminator (Jim-X Scientific, China).
Arrows indicate implanted cells. (E) Time course expression levels of (i) total HMGB1 and (ii) redox forms of HMGB1 in the NTAT of "MT" and "Above-MT" groups. For all
Western blot panels, detection of actin served as the loading control. Immunoblots and macrographs are representative of three independent experiments.
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However, to probe the influence of the presence
of the different cancer cell densities on inflammation
modulation within the immediate normal tissues of
the transformed cells, a time series investigation involving two groups of mice that received tumor cells
either at the minimum threshold (MT) or higher
(Above-MT) was conducted, and their NTAT harvested for analyses. While inoculated cells progressively grew in the "Above-MT" hosts, highly inflamed
areas evidently surrounded the inoculated cells in
"MT" mice but resolved over time together with the
"loss" of the implanted cells (Fig. 2D). Time course
expression levels of both total and redox forms of
HMGB1 (all-thiol and disulfide) revealed the strong
early presence of HMGB1 in the NTAT of non-tumor
bearing mice with gradual decreasing levels up to day
15 when the levels were drastically low (Fig. 2E-i).
Albeit a relatively lower early induction of HMGB1 in
tumor bearing mice, the levels remained constitutively higher from day 6 through to day 45
post-implantation. However, the disulfide form was
relatively highly present in tumor bearing mice until
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latter stages when similar levels of both forms were
observed (Fig. 2E-ii).

Expression and dynamics of inflammation
mediators differ in the NTAT of tumor bearing (T) and non-tumor bearing (nT) mice
To determine the expression and dynamics of
some molecular inflammation mediators, interferon
gamma (IFN-γ), interleukin 1 beta (IL-1β) and IL-6 in
the NTAT of "MT" and "Above-MT" groups were analyzed by Western blotting. IFN-γ and IL-1β were
strongly and significantly present at early stages
through to day 21 post-implantation in "MT" mice
(Fig. 3A-ii, iii). Conversely, the levels of these mediators were appreciably higher at the very late stage in
"Above-MT" cohort. Interestingly, IL-6 was low at the
early phase in "MT" mice and remained relatively low
throughout the time course (Figs. 3A-i and 3B) but a
sharp increase in IL-6, not less than 5 fold, in the
NTAT of "Above-MT" mice was observed from the
mid through the late stages (Fig. 3A-i and 3B).

Figure 3. Time course expression pattern of inflammation mediators in NTAT of mice: (A) Representative immunoblots of tissue lysates from "MT" and
"Above-MT" mice at the indicated time points for (i) IL-6, (ii) IFN-ɣ and (iii) IL-1β expression levels. Actin was used as loading control. (B) Bar graph of densitometric analysis of
IL-6 fold change of corresponding ratios of "Above-MT" to "MT" during the time course. Data represent mean ± SEM from three independent analyses.

http://www.jcancer.org
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Systemic profile and dynamics of Th1/Th2/
Th17, Proinflammatory, MCP-1 and GM-CSF
cytokines in MT and Above-MT mice
To evaluate how the initial transformed cells'
progression or elimination could systemically reflect
on the immune/inflammatory machinery, an
end-point (Suppl. 2) and time course Th1/Th2/Th17,
IL-α and IL-β, monocyte chemotactic protein-1
(MCP-1) and granulocyte-monocyte colony stimulation factor (GM-CSF) cytokines were assayed (Fig. 4).
Serum samples obtained from "MT" and "Above-MT"
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mice at the indicated time points were used for the
time series study. In mice without tumors, serum Th1
cytokines (IL-2, IFN-γ, TNF-α and IL-12) levels were
generally higher, at least, during the early (3- 6 days
post-implantation) phase of the process (Fig. 4A).
Surprisingly, Th2 cytokine levels were also generally
high in "MT" compared with tumor bearing mice (Fig.
4A). IL-10, a regulatory cytokine (like IL-17A, Fig. 4C),
was higher at the earliest point in the process in
"Above-MT" group but declined and remained low
compared with levels in "MT" cohort.

Figure 4. Systemic cytokinomics of "MT" and "Above-MT" mice: (A) Th1 cytokines. (B) Th2 cytokines. (C) IL-17. (D) Th1/ Th2 stability. (E) IL-1α and IL-1β. (F) MCP-1
and GM-CSF. Data represent median ± range.
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Th1/ Th2 stability using systemic IFN-γ/ IL-4
scores were determined. Intriguingly, a highly fluctuating Th1/ Th2 signature was observed in the
"Above-MT" group, even before tumors became overt,
while a fairly stable status was observed in the "MT"
group (Fig. 4D). An indicated inverse trend of
Th1/Th2 cell polarization (IL-12/ IL-4 ratios) of
dominant Th1 was associated with "MT" group from
the early to the mid phase of the process (Suppl. 3).
Evaluation of the proinflammatory cytokines
IL-1α and IL-1β revealed the former to be elevated in
circulation at early to mid-phase in "MT" than in
"Above-MT" group but its level waned while IL-1β,
though initially low, sharply increased in the
"Above-MT" group at the late phase, thus after tumor
development (Fig. 4E). MCP-1 levels were steadily
low at the early and mid-phases in both groups but
sharply increased at the late phase in "Above-MT"
group, a possible indication of increased monocytes
trafficking and infiltration (Fig. 4F). In "MT" mice,
GM-CSF was higher in circulation at early and late
phases but a direct inverse trend was observed in
"Above-MT" mice (Fig. 4F).

Discussion
In an immunocompetent host, the immune system is not silent but serves as a potent extrinsic antitumor machinery. It is capable of completely eliminating and/ or keeping in dormant state (equilibrium)
nascent transformed cells [3, 22]. Currently, it is accepted that through some of its effector processes,
such as inflammation, the immune system aids in the
tumor escape-progression process [23]. However, it
remains largely unclear what the initial critical deterministic factors and events could be to switch immunity either for or against tumor progression. Aside
most cancers arising from the epithelia, current studies point also to key roles of epithelial cells in inflammation which include taking up of apoptotic
cells, and cytokines secretion to regulate immune responses [40, 41]. We used parental B16/F1 cells, which
are generally poorly immunogenic but aggressively
form tumors in syngeneic mice [24], as rough representation of post-immunoedited transformed cells to
investigate the likely significance of cancer cell
"quantity" in overt tumor development in an immunocompetent host.
The data prompts that there could be a possible
minimum load of cancer cells that must be present
within a limited area to promote the establishment of
an overt tumor (Table 1). This observation fits the
community effect phenomenon where interactions
among nearby precursor cells enable them to maintain
tissue-specific gene expression, secrete critical molecules and differentiate in a coordinated manner [12,
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13]. Within the limitations of the current model, it was
evidenced that in immunocompetent mice overt tumors could develop only when the initial transplanted viable cells were above a minimum number of 1×
103 cells and that at and below this threshold, mice did
not develop tumors within the reported period (Table
1 and Fig. 1B), and even up to 90 days (data not
shown). Also, the higher the initial tumor cells, the
earlier the tumor onset and the larger the average
tumor volume (Fig. 1B and 1C). In a recent in silico
study, Saka et al. [14] using a combination of stochastic and deterministic modeling theoretically arrived at
a similar conclusion that a critical initial number of
cells were essential for the initiation and maintenance
of a steady-state community effect. These observations may suggest that the number or density of
transformed cells that may spontaneously escape
immunosurveillance or that may accumulate over a
period of time at a focus until above a limiting
threshold may be essential in the establishment of
overt tumor.
Thriving of the initiated tumor would require
constant and adequate supply of nutrients and oxygen, and therefore the need to augment microvessel
density [25]. The abundant blood vessels and significant expression of VEGF-A, the key angiogenesis
driver, might have served this purpose in tumor
bearing mice (Fig. 2A and 2B). VEGF-A, in addition to
inducing angiogenesis, can promote vascular permeability, vasculogenesis, and inhibit apoptosis of
transformed cell [25]. As a proinflammatory and
protumor cytokine, the abundant local presence of
IL-6 (Fig. 2C) could promote and link chronic inflammation with endothelial proliferation to induce
angiogenic switch [26]. Therefore, a "Strength in unity" phenomenon could be operating whereby transformed cells once above a critical threshold were able
to "over power" or subvert host's local extrinsic antitumor control measures to progress onto overt.
Local inflammation is one of the early innate
immune responses generated during cell/ tissue
stress. The ensuing outcome could be beneficial or
detrimental based on several factors within the inflammatory microenvironment [11, 27, 28]. In the light
of this paradoxical role played by inflammation, we
investigated the interactions between the tumors (or
tumor cells) and their immediate normal tissue in a
time course. Areas surrounding the sites of tumor
implantation in "MT" mice were highly inflamed
around the inoculated tumor cells (Fig. 2D, arrowed).
The inflammation eventually resolved coupled with
the "loss" of the implanted transformed cells which,
speculatively, might have been cleared upon their
death (they were not specifically traced in this study).
The early and higher presence of the danger signal,
http://www.jcancer.org
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HMGB1, and equally abundant presence of its immune stimulatory disulfide form [29] at the transformed cells’ local site in non-tumor bearing mice
(Fig. 2E) may have initiated the quick recruitment to
and stimulation of innate immune cells at the local
area of the transformed cells, thus an acute inflammatory response. The source of HMGB1 could be
from the death of transformed cells, due to lack of
steady-state community effect, and/ or active secretion from recruited innate immune cells [30, 31].
Immune/ inflammatory cells, particularly dendritic cells (DCs) and monocytes/macrophages, are
initially polarized prior to their migration to secondary lymphoid organs based on the cytokine conditions
at the site of innate immune response. In the presence
of Th1 cytokines, these antigen presenting cells
(APCs) mature and polarize into type-1 phenotypes
which are very efficient at inducing cell-mediated
immunity, and simultaneously secreting high levels
of other type 1 cytokines [32- 34]. This could be the
situation in the NTAT of "MT" mice where there was
an abundant and early presence of IFN-γ, the chief
Th1 cytokine (Fig. 3A-ii). Also, HMGB1 is known to
bind to appropriate receptors and activate these
APCs. For instance, released HMGB1 binds to
Toll-like receptor 4 (TLR-4) on DCs and activate and
stimulate the processing of tumor antigens for optimal presentation to the adaptive arm of host immunity [35]. Significant to this process within the APC is
inflammasome activation which in turn process and
facilitate the secretion of IL-1β, a critical signaling
molecule mandatory for priming IFN-γ-producing
cells and cytotoxic T lymphocytes (CTLs) [36, 37].
Therefore, the early and strong presence of both
all-thiol and disulfide forms of HMGB1 (chemotactic
and stimulatory, respectively) coupled with the early
higher level of IL-1β in the NTAT of "MT" mice (Figs.
2E-ii and 3A-ii, iii) may have promoted timely recruitment of immune cells, their effective activation,
IFN-γ secretion and coordinated innate and adaptive
antitumor immune responses against the "struggling-to-survive" and possibly dying transformed
cells for their consequential elimination. On the contrary, sustained expression and secretion of IL-6
within tumors and surrounding tissues is a hallmark
of tumor-promoting inflammation by enhancing the
survival and growth of both normal and premalignant epithelial cells [38]. The very high IL-6 expression (together with STAT3 activation and constitutive
NFκB expression, Suppl. 1) at the mid-through-late
phase (Figs. 3A-i and 3B), coupled with the very low
initial IL-1β and IFN-γ but constitutive presence of
cytokine-like disulfide HMGB1(Fig. 2E-ii) in
"Above-MT" hosts may have led to the lack of or impaired early inflammasome activation, and possibly
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type-2 phenotype polarization of APCs which predominantly exhibit poor antigen-presenting ability,
produce factors that suppress T cell expansion, but
promote angiogenesis and sustain chronic inflammation [26]. Notable also, was the relatively higher late
phase expressions of IL-1β and IFN-γ in NTAT of
tumor bearing mice (Fig. 3A-ii, iii). These were ineffective to contain the tumor bulk, once established.
Many tumors, including breast cancer and advanced
melanomas, persistently produce IL-1β [39] and
therefore the late presence of IL-1β and IFN-γ may be
tumor-engineered and as proinflammatory molecules,
may contribute to the maintenance of the chronic inflammatory milieu.
The local immune/ inflammation processes
against the different load of transformed cells
uniquely reflected on the general immunity indicators
of the hosts. Generally, early induction and higher
levels of circulating Th1 cytokines were evidenced in
non-tumor and control mice than their tumor bearing
counterparts (Suppl. 2, Fig. 4A). More importantly,
the effectiveness of this extrinsic antitumor mechanism appeared to be time and stability dependent
(Fig. 4D). This stability could be an index of antitumor
immune robustness. However, intense systemic fluctuations [42] in this stability may be indicative of the
immune system under stress due to ongoing local
contention between tumor cells/ community and the
immune machinery, thus providing a permissive
context for tumor escape and progression. In the
treatment of superficial bladder cancer by Bacillus
Calmette-Guerin (BCG) administration, the underlying mechanism for its clinical efficiency is a robust
Th1 induction and immune response [43]. De Boer et
al. [44] reported that the boosted Th1 response was
essentially BCG-viability (quality) as well as
BCG-concentration (quantity) dependent. Our model
demonstrates that viable transformed cells (quality)
are also essential for the induction of Th1 response but
on the contrary, the stability and efficiency of the response require the density of the transformed cells to
be below a minimum threshold (Fig. 4D). This proposes an inverse mode of effective Th1 response induction using microorganisms [45] or cancer cells and
to buttress this, small numbers of viable residual tumor cells were reported to be critical for the initiation
and sustenance of concomitant immunity in wild-type
hosts [46], thus emphasizing the significant role that
physico-physiological factors such as the initial
number (quantity) of "foreign body" may play in
scalping immunity, and in these cases host's antitumor immunity.
IL-17 is proinflammatory and together with
other cytokines (IL-6, IL-1 and TNF-α) and chemokines orchestrates tissue inflammation to recruit Th1
http://www.jcancer.org
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cells to target tissues. Its activity also attracts functional regulatory T cells (Tregs), hence may mediate
effector T cells regulation, in the absence of other
overwhelming proinflammatory cytokines such as
IL-6 [32]. Such plastic function of IL-17 (Fig. 4C) may
have occurred whereby it functioned as proinflammatory, in conjunction with elevated levels of IL-1α,
TNF-α and IL-6 at the early phase, but regulatory in
the presence of lower levels of these cytokines, but
higher level of IL-10 (Figs. 4A, 4B and 4E) in "MT"
mice to resolve the initial intense inflammation (acute)
which could be tissue damaging if sustained.
MCP-1 and GM-CSF serum levels was indicative
of increased monocytes trafficking and (rising) stimulation at the late phase in "Above-MT" group as
compared to their non-tumor bearing cohort (Fig. 4F).
This event is likely protumor/ tumor-driven to infiltrate the tumor and its microenvironment with immune/ inflammatory cells essential for the maintenance of a chronic and tumor-promoting milieu [27].
In summary, the data suggest that in addition to
the quality of intrinsic aberrations of cancer cells,
there may be an essential minimum transformed cell
mass that influence elicited mechanism of local epithelial tissue inflammation in an immunocompetent
host during tumorigenesis. The tendency for acute or
chronic inflammation in the immediate normal tissue
of transformed cells was, at least in part, modulated
by the initial number of transformed cells at a locus
which eventually influenced the systemic innate immune/ inflammation cytokine patterns and signatures, even before tumors became overt in the host.
However, whether our findings are restricted to the
current model or have more universal applicability
call for investigations using other syngeneic models.
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