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Background. Lipopolysaccharides (LPS) are the major antigens expressed
on the outer membrane of gram-negative bacteria. LPS induces a strong
response in a normal immune system. Since tumor cells are suppressed by
the immune system, immunotherapy is considered an efficient strategy
against cancers. In this study, we assumed that LPS was able to activate
the immune system to prevent tumor progression.

Aims. We aim to investigate the potential anti-tumor effects of LPS on
colorectal cancer (CRC) ina HCT-15 cells-derived tumor xenograft model.
Methods. LPS was intravenously injected in the HCT15-derived tumor
xenografts at day 7 and day 14, respectively, after tumor implantation for
observing whether LPS was able to suppress tumor initiation and progres-
sion. Meanwhile, intravenous immunoglobulin (IVIG) was used to reduce
immune response. The tumor volumes and body weight were recorded.
Results. We found that LPS significantly reduced initial tumor growth (in-
jected at day 7 with 100 mm® tumor size) in the HCT-15 bearing mice.
Meanwhile, the anti-tumor effect was neutralized by co-injection of im-
munosuppressor [VIG. In addition, the body weight was recovered at day
14 in LPS group compared to PBS control group due to reduction of tumor
volume in LPS group. We also found that LPS significantly eradicated tu-
mor volume at later stage (injected at day 14 with 400 mm’ tumor size) but
led to strong weight reduction.

Conclusions. We demonstrated that LPS ameliorated small tumor initia-
tion and big tumor progression in a CRC tumor xenograft model. The re-
sults suggested the immune system may be activated to suppress tumors.
Limitations. The mouse model used in this study has normal immune
function, but the immune activity in cancer patients is often inhibited by
the tumor microenvironment. Therefore, whether LPS can induce the im-
mune activity in cancer patients needs further investigation.

[J Soc Colon Rectal Surgeon (Taiwan) 2021;32:42-48]

Colorectal carcinoma (CRC) is one of the most
common and malignant cancer types. Accumu-
lated evidence supports the development of CRC is
caused by a complex and multistep interaction be-
tween genetic mutations and environmental stresses. "

Mutations on gatekeeper gene adenomatous polyposis
coli (APC) are found in ~80% of all human CRC.}
APC acts as a canonical tumor suppressor interacting
with Axin and GSK-3p in that promotes phosphory-
lation of B-catenin and results in subsequent protea-
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some degradation of p-catenin.* When APC mutation
occurs, B-catenin is dephosphorylated, leading to trans-
locate to nucleus and promote oncogene transcription.

Recently, immunotherapies, such as targeting PD-1
to reactivate CD8" T cells, are a potential strategy
against CRC." It reveals that intact immune system is
necessary to against tumors. Besides reactivation of
CDB8" T cells, our body also contains innate immunity
that is also responsible for eradicating tumor cells, in-
cluding macrophages and natural killer cells.®’ To our
knowledge, macrophages are known and divided to
M1 and M2 type, whereas M1 is known to suppress
tumors and M2 is to enhance tumor progression.®
Since the immune system is the first line of defense
against infected cells and tumors, the reactivation of
immune cells evolved by well-known antigen may in-
hibit tumor progression.

Lipopolysaccharides (LPS), also known as lipo-
glycans and endotoxins, are the major components ex-
pressed on the outer membrane of all gram-negative
bacterial species. LPS serves as a major molecule for
the mammalian innate immune system to evolve de-
fense responses against bacterial infection.’ Since
LPS is able to stimulate immune activity such as M1
differentiation,'®!" we assumed that the activation of
the immune system derived by LPS may suppress tu-
mor growth. Classically, LPS from the infecting pa-
thogens is released by the LPS binding proteins (LBP)
in the serum, then LBP transferred LPS to CD14 on
monocytes, dendritic cells, or macrophages.'> CD14
splits LPS into monomers and presents them to the
Toll-like receptor 4 (TLR4) complex. Therefore, LPS/
TLR4 complex induces multiple signaling components
such as NF-«kB and IRF3 to produce cytokines."*"!> We
intended to investigate the evocation of immunologi-
cal activity to suppress tumors in this study.

TLR4 expresses in immune cells, however, TLR4
is also highly expressed in intestinal stroma is corre-
lated to CRC progression.'® Literature has indicated
that upregulation of TLRs (TLR1, TLR2, TLR4, and
TLR&) in tissues of colorectal cancer are related to
high expression of inflammatory cytokines (interleu-
kin-6, interleukin-8, and interferon-a), resulting in
higher possibility of CRC recurrence.'” The LPS/
TLR4 in CRC cells actually activates PI3K/AKT pa-

thway to promote downstream 1 integrin function
and increase tumor metastasis.'® Moreover, LPS block-
ade promotes immunotherapy against CRCs and at-
tenuates distant metastasis to the liver.!” For the con-
troversial observations, we intended to investigate
whether LPS promotes CRC progression directly on
tumor cells or reduces tumor progression through ac-
tivating immune system for eradicating tumors in a tu-
mor xenograft animal model.

Material and Methods
Animal husbandry

Male nude mice were purchased from BioLASCO
Taiwan Co., Ltd. All the mice were housed under a 12
hour-light cycle at 22 °C. All the animal experimental
procedures were approved by the Chang Gung Uni-
versity, Taoyuan, Taiwan.

HCT-15 culture and tumor xenograft model

HCT-15 cells were cultured in F12K medium
(Gibco) supplied with 10% of fetal bovine serum
(Gibco) and incubated at 37 °C with 5% CO,. The
HCT-15 xenograft model was described as our previ-
ous study.? In brief, 2 x 10° HCT-15 cells were sus-
pended in 100 ul of phosphate buffered saline (PBS)
and subcutaneously injected into the right legs of 5-
weeks-old nude mice. The tumor volume was re-
corded every 2 to 3 days after inoculation. After 7- or
14-days post-transplantation, mice bearing HCT-15
cells (n = 3 for each treatment) were divided three
groups by intravenously injected (i.v.) with 100 ul of
PBS as control group, 100 ng of LPS, or 1 mg of intra-
venous immunoglobulin (IVIG) combined with LPS.
LPS and IVIG were resuspended in 100 ul of PBS for
1.v. treatment.

Statistical analysis
Statistical analysis was performed using Graph-

Pad Prism V5.01 software (GraphPad Software, Inc.,
California, USA). Student’s t-test was used to com-
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pare two groups and ANOVA was used to compare
data with more than two groups. Data are expressed as
mean = SD and the significant difference was accept-
able as p <0.05.

Results

LPS reduced CRC progression in the
xenograft model

To determine the potential effects of LPS on en-
hancing or inhibiting tumor progression, a HCT-15
cells-derived tumor xenograft model was used. After
7-days tumor inoculation, the tumor volume was 100
mm?. Then, the HCT-15 bearing mice were intrave-
nously injected with LPS, IVIG, or LPS + IVIG. We
found LPS significantly decreased implanted tumor
growth (Fig. 1A and 1C), but the anti-tumor effect was
attenuated by IVIG combination (Fig. 1A and 1C).
However, IVIG had no effect against tumor progres-
sion (Fig. 1B). The results revealed that LPS inhibited
tumor growth. Meanwhile, tumor implantation led to
reduction of body weight (Fig. 1D), but LPS dimin-
ished tumors with increase of body weight compared

5

to PBS group at day 14 (Fig. 1D).

LPS decreased tumor burden in the CRC
xenograft model

To further evaluate the potential anti-tumor effects
of LPS against CRC in late stage, LPS was intrave-
nously injected into HCT-15 bearing mice at 14 days-
post tumor implantation, whereas tumor volume was
400 mm?®. We found that LPS promoted tumor necro-
sis and significantly reduced HCT-15 tumor volume
compared to PBS group (Fig. 2A and 2B). However,
LPS treatment caused bodyweight reduction dramati-
cally after LPS injection at day 17 (Fig. 2C). The re-
sult was consistent with Fig. 1D. We observed the
weight reduction was recovered in 3 days (Fig. 2C).
The results implied that LPS caused high levels of in-
flammation derived from stimulation of immune sys-
tem, that significantly eradicate existing tumor bur-
den.

Discussion

In this study, we uncovered the potential anti-tu-
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Fig. 1. LPS inhibited HCT-15 tumor initial progression. (A) Representative images of HCT-15 bearing nude mice that re-
ceived various indicated treatments at 7-days-post transplantation, including PBS, LPS, and IVIG + LPS. (B and C)
Growth curves of HCT-15 tumors were recorded in mice treated with IVIG (n=3), LPS (n=3), and LPS +IVIG (n=
3) compared to PBS control (n = 3). (D) Bodyweight changes in HCT-15 bearing mice treated with LPS, LPS +IVIG
compared to PBS control. Agent injection is indicated by the black arrow. * p <0.05.
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Fig. 2. LPS enhanced tumor necrosis and reduced HCT-15
tumor volume. (A) Representative images of HCT-
15 bearing nude mice that received various indi-
cated treatments at 14-days-post transplantation.
PBS and LPS were intravenously injected. (B)
Growth curves of HCT-15 tumors were recorded in
mice treated with LPS (n = 3) compared to PBS
control (n = 3). (C) Bodyweight change were also
recorded in HCT-15 bearing mice treated with LPS
compared to PBS control. Agent injection is indi-
cated by the black arrow. * p <0.05, ** p <0.01.

mor effects of LPS against CRC progression in a co-
lorectal HCT15 cancer cells-derived xenograft model.
In this model, HCT-15 cells were subcutaneously im-
planted into nude mice and the mice were intrave-
nously injected with LPS at day 7 and day 14 to evalu-
ate the anti-tumor effects at an early or late stage, re-
spectively. In addition, to confirm LPS effects on the
innate immune system, intravenous immunoglobulin
(IVIG), an immunosuppressant for the monocyte-
macrophage system,?! was co-injected with LPS at
day 7 after tumor inoculation. We found that LPS sig-
nificantly delayed the tumor progression and reduced
tumor burden, but the anti-tumor effects were inhib-
ited by IVIG. These findings suggested that LPS treat-
ment may ameliorate tumors by activating an innate
immune defense.

In general, tumor-bearing mice showed gradual
decrease in body weight, tumor size from 0 to 400
mm?, day 0 to day 7 (Fig. 1D by PBS injection) but
steady when tumor size from 300 to 600 mm?, day 7 to
day 14 (Fig. 2C by PBS injection). On the other hand,
LPS treatment dramatically caused loss of body weight

but rapidly recovered in small tumor (Fig. 1D) and
large tumor (Fig. 2C). Moreover, body weight in-
creased after LPS injection because tumor growth was
inhibited (Fig. 1D at day 14). We speculated that body
weight is an indicator representing adverse effect of
injected agent. The effect that LPS dramatically de-
creased body weight after i.v. injection was specu-
lated due to inflammatory cytokine storm derived by
activation of immunity.

Since LPS binds to TLR4 which is expressed in
macrophages, we speculate that LPS activates macro-
phages to prevent tumors in this study. To our knowl-
edge, macrophages execute various functions, includ-
ing defense against invading pathogens. According to
literature, macrophages are usually classified M1
(classical-activated macrophages) and M2 (tumor-as-
sociated macrophages, TAMs) phenotype.** Gener-
ally, M1 macrophages enhance inflammation response
against invading pathogens and initial tumor cells, but
M2 macrophages play an immune suppressive role to
trigger tumor progression. M1 macrophages express
CD14, CD68, CD80, and CD86 and secrete pro-in-
flammatory cytokines such as IL-12, tumor necrosis
factor (TNF)-o,, CXCL-10, interferon (IFN)-y and ni-
tric oxide synthase (NOS). Otherwise M2 macro-
phages express CD163, MGL1, and MGL and secrete
anti-inflammatory cytokines such as IL4, IL-10, and
IL-13 and express abundant arginase-1, mannose re-
ceptor (MR, CD206), and scavenger receptors.?* 3
LPS is transferred to CD14 and consequently bind to
TLR4 on macrophages which belongs to M1 pheno-
type. A previous study has indicated that LPS induces
activation of M1 macrophages.?® Although the animal
model used in this study is a T cell deficient mice, we
observed LPS injection diminished tumor growth. We
speculated that LPS specifically activated on M1 ma-
crophage to suppress tumor progression.

However, the major limitation is that mouse mo-
del used in this study has normal immune function,
but actually the immune activity is often suppressed in
the tumor microenvironment of cancer patients. The-
refore, whether LPS can induce the immune activity
in cancer patients needs further investigation. Recent
literature has revealed that immunotherapies are pro-
mising to fight against tumors. Since TAMs contrib-
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ute to tumor progression as a therapeutic target,” the
TAM-targeted therapeutics are mainly focus on the
strategies to eliminate M2 or educate M2 to transfer to
M1 phenotype.?’ For example, zoledronic acid (ZA) is
a potent agent to modulate macrophages phenotypes
against tumors. ZA is able to reverse the polarity of
TAMs from M2-like to M1-like by attenuating IL-10,
VEGF, and MMP-9 expression with recovery of iNOS
expression.”* Another agent capable of repolarizing
TAMs to M1 phenotype is CP-870,893, which is a
CDA40 antibody. According to a previous study, ad-
ministration of CD40 antibody is able to induce ma-
crophage-dependent tumor regression in vivo.*° There
is exhausted immunity in patients with tumors. Al-
though we observed that LPS was able to diminish tu-
mor growth, the priority was to converse M2 to M1 in
tumor patients. Subsequently, stimulation of M1-like
macrophages by adequate antigens may help eradicate
tumors.

However, LPS also enhance tumor proliferation
and progression through binding to TLR4 in tumors.
It indicates that LPS is not a potent agent to stimulate
M1 macrophages in tumor patients. Compared to
LPS, an intrinsic cytokine IFNy also binds to and acti-
vates macrophages, leading to induction of M1 differ-
entiation.*'*> IFNy is a pro-inflammatory marker se-
creted by T helper type 1 (Thl)-type T cells, natural
killer cells, and activated antigen-presenting cells. Be-
sides activating M1 differentiation, IFNy, however,
induces PD-L1 expression in macrophages and den-
dritic cells, resulting in suppression of CD8" T cells.
Meanwhile, IFNy also induces PD-L1 expression in
tumors. STATT is reported involved in transcription of
PD-L1. Therefore, targeting PD1-PD-L1 interaction
is potent to reactivate CD8" T cells, leading to evoke
CD8" T cells to against tumors. Although the findings
about LPS to suppress tumors in this study is not po-
tent enough to perform in tumor therapeutics, IFNy
combined with anti-PD-1 antibody may be an alterna-
tive selection.***

Conclusion

We investigated and validated the anti-tumor ef-

fect of LPS in a HCT15-derived xenograft CRC mo-
del. We speculated that LPS activated the immune
system to inhibit tumor growth since IVIG suppressed
the anti-tumor effect. This study suggested activation
of the immune system is capable of eradicating colo-
rectal tumors and the immunotherapeutic strategies
have potential against CRC in clinical practice.

Declare

The authors have declared that no competing in-
terests exist.

References

1. Lucas C, Barnich N, Nguyen HTT. Microbiota, inflammation
and colorectal cancer. Int J Mol Sci 2017;18(6).

2. Park CH, Eun CS, Han DS. Intestinal microbiota, chronic in-
flammation, and colorectal cancer. Intest Res 2018;16(3):
338-45.

3. Smith G, et al. Mutations in APC, Kirsten-ras, and p53--alter-
native genetic pathways to colorectal cancer. Proc Natl Acad
Sci USA 2002;99(14):9433-8.

4. Fodde R, Smits R, Clevers H. APC, signal transduction and
genetic instability in colorectal cancer. Nat Rev Cancer 2001;
1(1):55-67.

5. Oliveira AF, Bretes L, Furtado I. Review of PD-1/PD-L1 in-
hibitors in metastatic AIMMR/MSI-H colorectal cancer. Front
Oncol 2019;9:396.

6. Marcus A, et al. Recognition of tumors by the innate immune
system and natural killer cells. Adv Immunol 2014;122:91-
128.

7. Gonzalez H, Hagerling C, Werb Z. Roles of the immune sys-
tem in cancer: from tumor initiation to metastatic progres-
sion. Genes Dev 2018;32(19-20):1267-84.

8. Noy R, Pollard JW. Tumor-associated macrophages: from
mechanisms to therapy. Immunity 2014;41(1):49-61.

9. Steimle A, Autenrieth IB, Frick JS. Structure and function:
lipid A modifications in commensals and pathogens. Int J
Med Microbiol 2016;306(5):290-301.

10. Cunha C, et al. Exploring new inflammatory biomarkers and
pathways during LPS-induced M1 polarization. Mediators
Inflamm 2016;2016:6986175.

11. Yang Y, et al. LPS converts Gr-1(+)CD115(+) myeloid-de-
rived suppressor cells from M2 to M1 via P38 MAPK. Exp
Cell Res 2013;319(12):1774-83.

12. Zanoni I, et al. CD14 controls the LPS-induced endocytosis
of Toll-like receptor 4. Cell 2011;147(4):868-80.



Vol. 32, No. 1

LPS Suppresses CRC in Tumor Model 47

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Park BS, Lee JO. Recognition of lipopolysaccharide pattern
by TLR4 complexes. Exp Mol Med 2013;45:e66.

Beutler BA. TLRs and innate immunity. Blood 2009;113(7):
1399-407.

Akira S, Takeda K. Toll-like receptor signalling. Nat Rev
Immunol 2004;4(7):499-511.

Cammarota R, et al. The tumor microenvironment of colo-
rectal cancer: stromal TLR-4 expression as a potential prog-
nostic marker. J Transl Med 2010;8:112.

Lu CC, et al. Upregulation of TLRs and IL-6 as a marker in
human colorectal cancer. Int J Mol Sci 2014;16(1):159-77.
Hsu RY, et al. LPS-induced TLR4 signaling in human colo-
rectal cancer cells increases betal integrin-mediated cell ad-
hesion and liver metastasis. Cancer Res 2011;71(5):1989-98.
Song W, et al. Trapping of lipopolysaccharide to promote
immunotherapy against colorectal cancer and attenuate liver
metastasis. Adv Mater 2018;30(52):¢1805007.

Shih BB, et al. SPECT imaging evaluation of (111)indium-
chelated cetuximab for diagnosing EGFR-positive tumor in
an HCT-15-induced colorectal xenograft. J Chin Med Assoc
2017;80(12):766-73.

Rhoades CJ, et al. Monocyte-macrophage system as targets
for immunomodulation by intravenous immunoglobulin.
Blood Rev 2000;14(1):14-30.

Chen Y, et al. Tumor-associated macrophages: an accomplice
in solid tumor progression. J Biomed Sci 2019;26(1):78.
Aras S, Zaidi MR. TAMeless traitors: macrophages in cancer
progression and metastasis. Br J Cancer 2017;117(11):1583-
91.

Liu Y, Cao X. The origin and function of tumor-associated

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

macrophages. Cell Mol Immunol 2015;12(1):1-4.

Fujimura T, et al. Tumor-associated macrophages: therapeu-
tic targets for skin cancer. Front Oncol 2018;8:3.

Murray PJ. Macrophage polarization. Annu Rev Physiol
2017;79:541-66.

Pathria P, Louis TL, Varner JA. Targeting tumor-associated
macrophages in cancer. Trends Immunol 2019;40(4):310-27.
Kaneko J, et al. Zoledronic acid exacerbates inflammation
through M1 macrophage polarization. /nflamm Regen 2018;
38:16.

Zhu W, et al. Zoledronic acid promotes TLR-4-mediated M1
macrophage polarization in bisphosphonate-related osteo-
necrosis of the jaw. FASEB J 2019;33(4):5208-19.

Beatty GL, et al. CD40 agonists alter tumor stroma and show
efficacy against pancreatic carcinoma in mice and humans.
Science 2011;331(6024):1612-6.

Moreira-Teixeira L, et al. Type I IFN inhibits alternative
macrophage activation during mycobacterium tuberculosis
infection and leads to enhanced protection in the absence of
IFN-gamma signaling. J Immunol 2016;197(12):4714-26.
Leopold Wager CM, Wormley FL Jr. Classical versus alterna-
tive macrophage activation: the Ying and the Yang in host de-
fense against pulmonary fungal infections. Mucosal Immunol
2014;7(5):1023-35.

Romero D. Interferon enhances immune-checkpoint inhibi-
tion. Nat Rev Clin Oncol 2019;16(1):6.

Ayers M, et al. IFN-gamma-related mRNA profile predicts
clinical response to PD-1 blockade. J Clin Invest 2017;127(8):
2930-40.



48 PRI J Soc Colon Rectal Surgeon (Taiwan) 2021;32:42-48
J/E\ g

TR AR B S Bl e 2 B e
RISRATNHI R RE IR

PREENH 12 RRMREE S wAUR' EEM ' WSRO MEAS

R SRR IE]
L AR TR
TRHCNE B

IR R

AR [E2HE (LPS) BHEMREMEMEINEFZNEESUR - LPS fEIEHE QR H
i S E » FEETEITFET > B {ERE LPS REAITE e 2Rt LAV LR Rt R -
Ak AEMERTE AVNERS 7 RIS 14 Kopplie LPS fFiRESE] HCTLS T4y 5
fERiE Rl ch - DUEER LPS 2 nesllIfl e A fI R -

fask  HMTEEEE LPS BE B/ NA R lER A & o [FIF - SLRIEST e MBI IVIG
AIRRITERE (E A © FRIRTEST LPS A R HIAAGIERE £ - (Al LkEd PBS FEFIHAMHLL -
LPS #H{£25 14 KESESLAPKIE - L4 LPS AT DMERREC A AIIERE - (HRS S AR (K -
faam  (MREAE CRC R SR AEIEA T LPS 2 7/ NEREAY 2 A M A IR RO
.

WHFERRE  LURSE AT B A Ry IR Sy T RE - (B A B s PR 2 2
PERETRIHNG] - AL - LPS 25 ] i AR R i I FRte — D 2R -

BRaEE KGR - IEZE



