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Hepatocytes produce tumor
necrosis factor-o. and
interleukin-6 in response to
Porphyromonas gingivalis

Takano M, Sugano N, Mochizuki S, Koshi RN, Narukawa TS, Sawamoto Y, Ito K.
Hepatocytes produce tumor necrosis factor-o. and interleukin-6 in response to
Porphyromonas gingivalis. J Periodont Res; 2012; 47: 89-94. © 2011 John Wiley &
Sons A/S

Background and Objective: The liver plays a major role in clearing systemic bac-
terial infections. In addition, inflammatory cytokines produced in the liver play a
critical role in systemic cytokine levels. The aim of this study was to investigate the
production of tumor necrosis factor-o. (TNF-a) and interleukin-6 (IL-6) by
hepatocytes in response to periodontal pathogens.

Material and Methods: The mouse hepatic carcinoma cell line Hepa-1.6 and the
mouse macrophage-like cell line RAW 264 were co-cultured in Transwell insert
plates. Cells were stimulated with bacterial extracts prepared from Porphyromonas
gingivalis and the induction of TNF-a and IL-6 was measured using real-time PCR
and ELISA.

Results: After stimulation with bacteria, the induction of TNF-o and IL-6 was
observed in RAW 264 cells and Hepa-1.6 cells. Significant reduction of TNF-o
mRNA expression in Hepa-1.6 cells was observed after treatment with antibody to
TNF-o.

Conclusion: The results obtained in the present study show that P. gingivalis
extract induces TNF-a and IL-6 in an in vitro liver model and that macrophage-
derived TNF-o mediates the induction of TNF-a in hepatocytes.
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Periodontitis is a chronic inflammatory
disease characterized by periodontal
pocket formation, loss of connective
tissue attachment and alveolar bone
resorption, which results in tooth loss.
Current evidence suggests that peri-
odontal disease is also associated with
systemic diseases. Inflammatory cyto-
kines are central to the initiation of the
immune response to periodontopathic
bacteria, and local cytokine production
in response to periodontal infection
may affect the systemic environment

(1,2). In particular, periodontitis is
regarded as having a close relationship
with diabetes mellitus (3). A large
number of studies have provided evi-
dence that type 1 and type 2 diabetes
increase the risk and severity of peri-
odontal disease (4-9). Previous studies
suggest that elevated levels of circulat-
ing tumor necrosis factor-o. (TNF-o)
may contribute to insulin resistance in
patients with type 2 diabetes (10).
Cross-sectional studies performed in
humans have shown that elevated

levels of circulating TNF-a are associ-
ated with insulin resistance and diabe-
tes mellitus (11,12). A longitudinal
human study has also shown that ele-
vated plasma TNF-o levels result in
poorer glycemic control (13). TNF-o
inhibits the action of insulin in animal
and in vitro models (14-17). The over-
expression of TNF-o in diabetes is
thought to contribute to several com-
plications of diabetes, including reti-
nopathy, nephropathy, neuropathy
and diabetes-enhanced periodontal
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disease (18-21). Interleukin-6 (IL-6) is
among the first cytokines implicated as
a predictor or pathogenetic marker of
insulin resistance and cardiovascular
diseases (22).

TNF-a and IL-6 are produced by
various cell types, including mast cells,
macrophages, neutrophils, eosinophils
and epithelial cells, in response to
inflammation (23,24). In addition,
inflammatory cytokines produced in
the liver, mainly synthesized by Kupffer
cells, play a critical role in systemic
cytokine levels (25-27). Previously, we
found that diabetic mice showed a
greater increase of TNF-oo mRNA and
1l6. mRNA expression in their livers
after inoculation with Porphyromonas
gingivalis  compared with normal
(nondiabetic) mice (28). Furthermore,
we noted that anti-TNF-a IgG sup-
pressed the expression of TNF-ao
mRNA and IL-6 mRNA in the livers
of diabetic mice after inoculation with
P. gingivalis (29). However, little is
known about cytokine expression in
the liver.

Therefore, this study focused on the
liver to investigate the production of
TNF-o0 and IL-6 in response to a
periodontal pathogen. We examined
the effects of P. gingivalis on TNF-a
and IL-6 expression in a model system
consisting of a co-culture of hepato-
cytes and macrophages.

Material and methods

Cell culture

The mouse hepatic carcinoma cell line
Hepa-1.6 and the mouse macrophage-
like cell line RAW 264 were obtained
from a commercial source (Riken Cell
Bank, Tsukuba Science City, Japan).
Hepa-1.6 cells were cultured in Dul-
becco’s modified Eagle’s minimal
essential medium (DMEM,; Gibco
BRL, Rockville, MD, USA) contain-
ing 10% fetal bovine serum (Hana-
nesco Bio Corp., Tokyo, Japan) and
1% penicillin—streptomycin solution
(Sigma Chemical, St Louis, MO,
USA). RAW 264 cells were cultured in
minimal essential medium alpha
(MEM a; Kohjin Bio Corp., Saitama,
Japan) containing 10% fetal bovine
serum and 1% penicillin—streptomycin

solution. The cultures were incubated
at 37°C in a humidified atmosphere of
5% CO..

Bacterial extracts

P. gingivalis FDI 381 was used in all
experiments. Bacteria were maintained
on Brucella HK agar (Kyokuto Phar-
maceutical, Tokyo, Japan) supple-
mented with 10% horse blood under
anaerobic conditions (80% N,, 10%
H,, 10% CO,) at 37°C. Growth in
liquid medium was monitored at an
optical density of 550 nm. The cells
were harvested by centrifugation at
10,000 g for 15 min at 4°C. Bacterial
extracts were prepared by sonication at
20 W for 5 min; the insoluble debris
was subsequently removed by centri-
fugation at 10,000 g for 30 min at 4°C.
The supernatant was then filter-steril-
ized and stored at —80°C until used.
The protein concentration of the
extract (162 pg/mL) was determined
using the Bradford protein assay (Bio-
Rad, Hercules, CA, USA).

Co-culture system

Cell suspensions were quantified using
a hemocytometer. Hepa-1.6 cells were
seeded at 8.5 x 10° cells/well into a
six-well multiple well plate, and RAW
264 cells were seeded at 3.75X
10° cells/well onto six-well Transwell
insert plates (4.67 cm?, 0.4 pm pore
size; Corning CoStar Corp., Cam-
bridge, MA, USA) (30,31). After
replacing all media with DMEM, the
Transwell insert on which RAW 264
cells had been cultured was added to
multiple plate wells preloaded with
Hepa-1-6 cells. Some experiments
were performed in single-cell culture
using Transwell plates and normal
plates.

Cells were co-cultured with 3 pg/mL
of bacterial extracts (32) prepared from
P. gingivalis FDC 381 at 37°C in a
humidified environment of 5% CO,.

Real-time PCR

After 24 h of incubation, the medium
was replaced with fresh medium con-
taining bacterial extract or fresh med-
ium alone (control), and the cells were

grown for an additional 1, 3, 6, 12 or
24 h at 37°C in a humidified atmo-
sphere of 5% CO,. We also examined
the effects of a rat anti-murine TNF-o
mAb (BioSource International, Inc.,
Camarillo, CA, USA) or rat IgG
(BioSource International, Inc.) control
on this in vitro liver model, after 6 h of
incubation.

Total RNA was extracted from the
cells using an RNeasy Mini kit (Qia-
gen, Valencia, CA, USA). Comple-
mentary DNA was synthesized using
a Ready-To-Go T-Primed First-
Strand kit (Amersham Biosciences,
Tokyo, Japan). The primer and probe
sets for TNF-oo and IL-6 were
obtained from Applied Biosystems
(Foster City, CA, USA). Real-time
PCR was performed on an ABI
PRISM 7700 Sequence Detector
(Applied Biosystems) using the fol-
lowing parameters: 50°C for 2 min,
95°C for 10 min, followed by 40 -
cycles of denaturation at 95°C for
15 s and primer extension at 60°C for
1 min. The expression level of each
gene was first normalized to that of
glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) in the same sample,
and the relative differences between
the control and treatment groups
were calculated and expressed as rel-
ative increases, with the control set at
100%. The data are shown as the
mean =+ standard deviation of six
independent experiments. Each experi-
ment was run in duplicate.

ELISA

The concentrations of TNF-o and 1L-6
in each culture supernatant were
determined by ELISA using commer-
cially available ELISA kits (BioSource
International, Inc., Camarillo, CA,
USA), according to the manufacturer’s
instructions.

Statistical analysis

Data were analyzed for significance
using a one-way analysis of variance
with  Bonferroni post-test
tion for multiple comparisons. The
Student’s #-test was used to determine
the statistical significance of differences
between control and test groups.

correc-



Results

TNF-a and IL-6 induction

First of all, we investigated the effect of
P. gingivalis extracts on a co-culture of
Hepa-1.6 cells and RAW 264 cells. The
induction of TNF-o mRNA and IL-6
mRNA in Hepa-1.6 cells and RAW
264 cells was examined by real-time
PCR. After treatment with P. gingiva-
lis extracts, the expression of TNF-o
mRNA in RAW 264 cells showed sig-
nificant increases at 1, 3, 6 and 12 h
post-treatment (Fig. 1A). In Hepa-1.6
cells, significant inductions of TNF-o
mRNA were observed at 3, 6 and 12 h
post-treatment  (Fig. 1B).  Similar
results were obtained for expression of
IL-6 mRNA in both cell types (Fig. 1C
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and 1D). The concentration of TNF-a
in the co-culture supernatant was sig-
nificantly increased at 1, 3, 6, 12 and
24 h poststimulation (Fig. 2A). The
concentration of TNF-o was also
increased in control cells; however, no
induction of TNF-a in control cells
was observed in single-cell culture
using a Transwell plate and a normal
plate (Fig. 2B and 2C). Significant
increases of IL-6 secretion were also
found at 3, 6, 12 and 24 h poststimu-
lation (Fig. 2D).

Effect of anti-TNF-« IgG on TNF-« and
IL-6 induction

We investigated the effect of anti-TNF-
o IgG on the levels of TNF-a and 1L-6
mRNAs 6 h after the administration of
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P. gingivalis extracts. Expression of
TNF-a and IL-6 mRNAs in RAW 264
cells after treatment with anti-TNF-o
IgG was not significantly changed
compared to treatment with control
antibody (Figs. 3A and 4A). In con-
trast, significant reduction of expres-
sion of TNF-oo mRNA in Hepa-1.6 cells
was observed after treatment with anti-
TNF-a IgG (Fig. 3B). The expression
of IL-6 mRNA in Hepa-1.6 cells was
significantly reduced after treatment
with 5 pg/mL of anti-TNF-a IgG, but
not after treatment with 2.5 pg/mL of
anti-TNF-a IgG (Fig. 4B). A signifi-
cant decrease in the secretion of TNF-o
was observed, 6 h post-stimulation in
Hepa-1.6 cells, after treatment with
anti-TNF-a IgG (Fig. 5A). In contrast,
there was no significant change in the
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Fig. 1. Time course of expression of tumor necrosis factor-o. (TNF-a) and interleukin-6 (IL-6) mRNAs in the RAW 264/Hepa-1.6 co-culture.
Cells were incubated with medium that contained Porphyromonas gingivalis extracts (3 pg/mL) for 0, 1, 3, 6, 12 or 24 h (Test) or medium
alone (Control). Real-time PCR was used to monitor the levels of TNF-o mRNA and IL-6 mRNA, which were normalized to that of
glyceraldehyde-3-phosphate dehydrogenase (GAPDH); the relative differences between the control and experimental groups are expressed as
relative increases. (A) Expression of TNF-o mRNA in RAW 264 cells. (B) Expression of TNF-a mRNA in Hepa-1.6 cells. (C) Expression of
IL-6 mRNA in RAW 264 cells. (D) Expression of IL-6 mRNA in Hepa-1.6 cells. The data are shown as the mean + standard deviation of six
independent experiments. Each experiment was run in duplicate. *p < 0.05 vs. control.
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Fig. 2. Effect of Porphyromonas gingivalis extracts on tumor necrosis factor-oo (TNF-o) and interleukin-6 (IL-6) secretion. Cells were incu-
bated with medium that contained bacterial extracts (3 png/mL) for 0, 1, 3, 6, 12 or 24 h (Test), or with medium alone (Control), in the RAW
264/Hepa-1.6 co-culture. Culture supernatants were assayed for TNF-o (A) and IL-6 (D) using ELISA kits. RAW 264 cells were also
incubated in a normal plate (B) and in a Transwell plate (C). The data are shown as the mean + standard deviation of six independent
experiments. Each experiment was run in duplicate. *p < 0.05 vs. control.
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Fig. 3. The inhibitory effect of treatment with anti-tumor necrosis factor-o. (TNF-o)) [gG on TNF-a mRNA expression in the RAW 264/Hepa-
1.6 co-culture model. Cells were incubated for 6 h in medium that contained Porphyromonas gingivalis extracts (3 pg/mL) and anti-TNF-o IgG.
Real-time PCR was used to monitor the levels of TNF-o mRNA, which were normalized to that of glyceraldehyde-3-phosphate dehydrogenase
(GAPDH); the relative differences between the control and experimental groups are expressed as relative increases. (A) TNF-o mRNA expression
in RAW 264 cells treated with 0, 0.5, 2.5 or 5 pg/mL of anti-TNF-o IgG, compared with the IgG control antibody. (B) Expression of TNF-o
mRNA in Hepa-1.6 cells treated with 0, 0.5, 2.5 or 5 pg/mL of anti-TNF-o IgG compared with the IgG control antibody. The data are shown as
the mean + standard deviation of six independent experiments. Each experiment was run in duplicate. *p < 0.05 vs. control antibody.
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Fig. 4. The inhibitory effect of treatment with anti-tumor necrosis factor-o. (TNF-a) IgG on expression of interleukin-6 (IL-6) mRNA in the
RAW 264/Hepa-1.6 co-culture model. Cells were incubated for 6 h with medium that contained Porphyromonas gingivalis extracts (3 pg/mL)
and anti-TNF-a IgG. Real-time PCR was used to monitor the levels of IL-6 mRNA, which were normalized to that of glyceraldehyde-3-
phosphate dehydrogenase (GAPDH); the relative differences between the control and experimental groups are expressed as relative increases.
(A) Expression of IL-6 mRNA in RAW 264 cells treated with 0, 0.5, 2.5 or 5 pg/mL of anti-TNF-a IgG compared with the 1gG control
antibody. (B) Expression of IL-6 mRNA in Hepa-1.6 cells treated with 0, 0.5, 2.5 or 5 pg/mL of anti-TNF-a IgG compared with the IgG
control antibody. The data are shown as the mean =+ standard deviation of six independent experiments. Each experiment was run in

duplicate. *p < 0.05 vs. control antibody.

secretion of IL-6 after treatment with
anti-TNF-a IgG (Fig. 5B).

Discussion

The liver is an exceptional organ in
terms of its metabolic, synthetic and
detoxifying functions. Besides its vari-
ous metabolic functions, the liver is
also a central immunological organ.
The liver plays a major role in clearing
systemic bacterial infections (33-36).
Rapid clearance of bacteria from
peripheral blood is often attributed to
fixed liver macrophages (i.e. Kupffer
cells), which line the hepatic sinusoids
(33,34). Kupffer cells are found in the
greatest numbers in the periportal

area, where they constitute the first
macrophage population to come into
contact with bacteria, endotoxins and
microbial debris derived from the
bloodstream (37,38). In lipopolysac-
charide (LPS)-induced liver injury,
activated Kupffer cells produce IL-1,
IL-6 and TNF-a (39,40). Furthermore,
hepatocytes and hepatoma cells pro-
duce inflammatory cytokines in
response to LPS and cytokines or in
response to conditioned medium from
activated Kupffer cells (41,42). In this
study, we showed significant induction
of TNF-a and IL-6 in response to
P. gingivalis extracts using a co-culture
system of Hepa-1.6 cells and RAW 264
cells, using hepatocyte and Kupffer

cells as an in vitro model of the liver.
Our previous study showed a signifi-
cant increase in the expression of
TNF-o and IL-6 in the livers of nor-
mal and diabetic mice after P. gingi-
infection (28). These results
indicate that P. gingivalis infection in
periodontitis patients may induce the
expression of TNF-o and IL-6 in the
liver. In this co-culture study, sub-
stantially greater amounts of TNF-a
were released in control supernatant.
In contrast, no induction was observed
in single-cell culture. The expression of
TNF-a mRNA by cells in the co-cul-
ture Transwell plate was about twice
as high as the expression of TNF-o
mRNA by cells in the normal plate

valis
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Fig. 5. The inhibitory effect of treatment with anti-tumor necrosis factor-o. (TNF-a) IgG on TNF-o and interleukin-6 (IL-6) secretion. Cells
were incubated for 6 h in medium that contained Porphyromonas gingivalis extracts (3 pg/mL) and anti-TNF-o [gG. Culture supernatants
were assayed for TNF-o (A) and IL-6 (B) using ELISA kits. The data are shown as the mean + standard deviation of six independent

experiments. Each experiment was run in duplicate. *p < 0.05 vs. control antibody.

(data not shown), indicating that cell-
to-cell interactions in the Transwell
plate may have a stimulatory effect on
TNF-a induction.

Our study also showed significant
reductions of TNF-o mRNA expres-
sion in Hepa-1.6 cells after treatment
with anti-TNF-a IgG. In contrast, no
significant change was observed in
RAW 264 cells. In our previous in vivo
study, treatment with anti-TNF-a IgG
markedly improved the host response
to P. gingivalis and was associated with
reduced serum TNF-o, fasting blood
glucose levels, and TNF-o expression
in the liver. The results obtained in the
present study indicate that macro-
phage-derived TNF-o mediates the
induction of TNF-a in hepatocytes.
Therefore, anti-inflammatory pharma-
cological strategies that reduce the
clevated levels of TNF-oo might
improve the host response to P. gingi-
valis infection. In this study, neutral-
ization of TNF-a did not inhibit the
P. gingivalis-stimulated induction of
IL-6 by hepatocytes. A previous study
showed that LPS directly stimulates
hepatocyte IL-6 synthesis through
a cytokine-independent mechanism
(43). Thus, these observations sug-
gest that P. gingivalis extracts stimu-
late the hepatic cells to produce 1L-6
through TNF-a-independent mecha-
nisms.

In conclusion, this study indicated
that P. gingivalis infection may induce
inflammatory cytokines in the liver,
which, in turn, modulate liver metab-
olism and diabetes mellitus. Further

studies are required to clarify this
relationship.

Acknowledgements

The authors wish to thank Dr Hajime
Tanaka, Department of Bacteriology,
Nihon University School of Dentistry,
Japan, for providing Porphyromonas
gingivalis. This study was supported by
The Promotion and Mutual Aid Cor-
poration for Private Schools of Japan.

References

1. Socransky SS, Haffajee AD, Cugini MA,
Smith C, Kent RL Jr. Microbial com-
plexes in subgingival plaque. J Clin Peri-
odontol 1998;25:134-144.

2. Tanner A, Kent R, Maiden MF, Taub-
man MA. Clinical, microbiological and
immunological profile of healthy, gingivi-
tis and putative active periodontal
subjects. J Periodontal Res 1996;31:195—
204.

3. Katz PP, Wirthlin MR Jr, Szpunar SM,
Selby JV, Sepe SJ, Showstack JA. Epide-
miology and prevention of periodontal
disease in individuals with diabetes.
Diabetes Care 1991;14:375-385.

4. Emrich LJ, Shlossman M, Genco RIJ.
Periodontal disease in non-insulin-depen-
dent diabetes mellitus. J Periodontol
1991:62:123-131.

5. Grossi SG, Zambon JJ, Ho AW et al.
Assessment of risk for periodontal disease
I. Risk indicators for attachment loss.
J Periodontol 1994;65:260-267.

6. Hugoson A, Thorstensson H, Falk H,
Kuylenstierna J. Periodontal conditions in
insulin-dependent diabetics. J Clin Peri-
odontol 1989;16:215-223.

7. Nelson RG, Shlossman M, Budding LM
et al. Periodontal disease and NIDDM in

Pima Indians. Diabetes Care 1990;13:836—
840.

Oliver RC, Tervonen T. Periodontitis and
tooth loss: comparing diabetics with the
general population. J Am Dent Assoc
1993;124:71-76.

Papapanou PN. Periodontal
epidemiology. Ann Periodontol 1996;1:
1-36.

Argilés JM, Lopez-Soriano J, Lopez-
Soriano FJ. Cytokines and diabetes: the
final step? Involvement of TNF-alpha in
both type I and II diabetes mellitus Horm
Metab Res 1994;26:447-449.

diseases:

. Mishima Y, Kuyama A, Tada A, Takah-

ashi K, Ishioka T, Kibata M. Relationship
between serum tumor necrosis factor-
alpha and insulin resistance in obese men
with Type 2 diabetes mellitus. Diabetes
Res Clin Pract 2001;52:119-123.
Fernandez-Real JM, Lainez B, Vendrell J
et al. Shedding of TNF-a receptors, blood
pressure, and insulin sensitivity in type 2
diabetes mellitus. 4m J Physiol Endocrinol
Metab 2002;282:E952-E959.

. Lechleitner M, Herold M, Dzien-Bischin-

ger C, Hoppichler F, Dzien A. Tumour
necrosis factor-o plasma levels in elderly
patients with type 2 diabetes mellitus-
observations over 2 years. Diabet Med
2002;19:949-953.

Lang CH, Dobrescu C, Bagby GJ. Tumor
necrosis factor impairs insulin action on
peripheral glucose disposal and hepatic
glucose output. Endocrinology 1992;130:
43-52.

. Hotamisligil GS, Peraldi P, Budavari A,

Ellis R, White MF, Spiegelman BM. IRS-
I-mediated inhibition of insulin receptor
tyrosine kinase activity in TNF-o— and
obesityinduced insulin resistance. Science
1996;271:665-668.

Kroder G, Bossenmaier B, Kellerer M
et al. Tumor necrosis factor-alpha — and
hyperglycemia-induced insulin resistance.
Evidence for different mechanisms and



94 Takano et al.

20.

21.

22.

23.

24.

different effects on insulin signaling. J Clin
Invest 1996:97:1471-1477.

Bruun JM, Verdich C, Toubro S, Astrup
A, Richelsen B. Association between
measures of insulin sensitivity and circu-
lating levels of interleukin-8, interleukin-6
and tumor necrosis factor-o. Effect of
weight loss in obese men. Eur J Endocrinol
2003;148:535-542.

Krady JK, Basu A, Allen CM et al.
Minocycline reduces proinflammatory
cytokine expression, microglial activation,
and caspase-3 activation in a rodent model
of diabetic retinopathy. Diabetes 2005;54:
1559-1565.

Siragy HM, Awad A, Abadir P, Webb R.
The angiotensin II type 1 receptor medi-
ates renal interstitial content of tumor
necrosis factor-alpha in diabetic rats.
Endocrinology 2003;144:2229-2233.

Satoh J, Yagihashi S, Toyota T. The
possible role of tumor necrosis factor-al-
pha in diabetic polyneuropathy. Exp
Diabesity Res 2003;4:65-71.

Nishimura F, Iwamoto Y, Mineshiba J,
Shimizu A, Soga Y, Murayama Y. Peri-
odontal disease and diabetes mellitus: the
role of tumor necrosis factor-alpha in a
2-way relationship. J Periodontol 2003;74:
97-102.

Fernandez-Real JM, Ricart W. Insulin
resistance and chronic cardiovascular
inflammatory syndrome. Endocr Rev 2003;
24:278-301.

Barnes PJ, Chung KF, Page CP. Inflam-
matory mediators of asthma: an update.
Pharmacol Rev 1998:;50:515-596.

Thomas PS, Yates DH, Barnes PJ. Tumor
necrosis factor-alpha increases airway
responsiveness and sputum neutrophilia in
normal human subjects. Am J Respir Crit
Care Med 1995;152:76-80.

25.

26.

28.

29.

30.

31.

32.

33.

34.

Laskin DL. Nonparenchymal cells and
hepatotoxicity. Semin Liver Dis 1990;10:
293-304.

Bilzer M, Roggel F, Gerbes AL. Role of
Kupffer cells in host defense and liver
disease. Liver Int 2006;26:1175-1186.

. Parker GA, Picut CA. Liver immunobi-

ology. Toxicol Pathol 2005;33:52-62.
Nishihara R, Sugano N, Takano M et al.
The effect of Porphyromonas gingivalis
infection oncytokinelevelsin type 2 diabetic
mice. J Periodontal Res 2009;44:305-310.
Takano M, Nishihara R, Sugano N et al.
The effect of systemic anti-tumor necrosis
factor-alpha treatment on Porphyromonas
gingivalis infection in type 2 diabetic mice.
Arch Oral Biol 2010;55:379-384.

Curran RD, Billiar TR, Stuehr DJ,
Hofmann K, Simmons RL. Hepatocytes
produce nitrogen oxides from L-Arginine
in response to inflammatory products of
Kupffer cells. J Exp Med 1989;170:1769—
1774.

Tanoue T, Nishitani Y, Kanazawa K,
Hashimoto T, Mizuno M. In vitro model to
estimate gut inflammation using co-cul-
tured Caco-2 and RAW264.7 cells. Biochem
Biophys Res Commun 2008;26:565-569.
Shimada T, Sugano N, Nishihara R,
Suzuki K, Tanaka H, Ito K. Differential
effects of five Aggregatibacter actinomy-
cetemcomitans strains on gingival epithe-
lial cells. Oral Microbiol Immunol 2008;23:
455-458.

Benacerraf B, Sebestyen MM, Schlossman
S. A quantitative study of the kinetics of
blood clearance of P32-labelled Escheri-
chia coli and staphylococci by the reticu-
loendothelial system. J Exp Med 1959;110:
27-48.

North RJ. T cell dependence of macro-
phage activation and mobilization during

35.

36.

37.

38.

40.

41.

43.

infection with Mycobacterium tuberculosis.
Infect Immun 1974;10:66-71.

Gregory SH, Sagnimeni AJ, Wing EJ.
Bacteria in the bloodstream are trapped in
the liver and killed by immigrating neu-
trophils. J Immunol 1996;157:2514-2520.
Gregory SH, Cousens LP, van Rooijen N,
Dopp EA, Carlos TM, Wing EJ. Com-
plementary adhesion molecules promote
neutrophil-Kupffer cell interaction and
the elimination of bacteria taken up by the
liver. J Immunol 2002;168:308-315.

Fox ES, Thomas P, Broitman SA. Com-
parative studies of endotoxin uptake by
isolated rat Kupffer and peritoneal cells.
Infect Immun 1987;55:2962-2966.

Jacob AI, Goldberg PK, Bloom N,
Degenshein GA, Kozinn PJ. Endotoxin
and bacteria in portal blood. Gastroen-
terology 1977;72:1268-1270.

. Darlington GJ, Wilson DR, Lachman B.

Monocyte-conditioned medium, interleu-
kin-1, and tumor necrosis factor stimulate
the acute phase response in human hepa-
toma cells in vitro. J Cell Biol 1986;103:
787-793.

Callery PM, Kamei T, Flye MW. Endo-
toxin stimulates interleukin-6 production
by human Kupffer cells. Circ Shock
1992;37:185-188.

Curran RD, Billiar TR, Stuehr DJ et al.
Multiple cytokines are required to induce
hepatocyte nitric oxide production and
inhibit total protein synthesis. Ann Surg
1990;212:462-471.

. Hunt JS, Chen HL, Hu XL, Chen TY,

Morrison DC. Tumor necrosis factor-
alpha gene expression in the tissues of
normal mice. Cytokine 1992;4:340-346.
Panesar N, Tolman K, Mazuski JE. Endo-
toxin stimulates hepatocyte interleukin-6
production. J Surg Res 1999;85:251-258.



This document is a scanned copy of a printed document. No warranty is given about the accuracy of the copy.
Users should refer to the original published version of the material.



