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Summary

Tumor necrosis factor o (TNF-t) is a multifunctional cytokine that has an important role in
the pathogenesis of inflammation, cachexia, and septic shock. Although TNF-a is mainly produced
by macrophages, there is evidence regarding TNF-a production by cells that are not derived
from bone marrow. TNF-« production by normal and inflamed human liver was assessed at
both mRNA and protein levels. Using a wide panel of novel anti-TNF-a monoclonal antibodies
and a specific polyclonal antiserum, TNF-o immunoreactivity was found in hepatocytes from
patients chronically infected with either hepatitis B virus (HBV) or hepatitis C virus. Minimal
TNF-a immunoreactivity was detected in the mononuclear cell infiltrate and Kupffer cells. In
situ hybridization experiments using a TNF-a« RNA probe showed a significant expression of
TNF-a mRNA in hepatocytes, Kupffer cells, and some infiltrating mononuclear cells. By contrast,
TNF-o was detected at low levels in liver biopsies from normal individuals or patients with
alcoholic liver disease and low expression of TNF-ae mRNA was observed in these specimens.
Transfection of HepG2 hepatoblastoma cells with either HBV genome or HBV X gene resulted
in induction of TNF-o expression. Our results demonstrate that viral infection induces, both
in vivo and in vitro, TNF-o¢ production in hepatocytes, and indicate that the HBV X protein
may regulate the expression of this cytokine. These findings suggest that TNF-a may have an
important role in human liver diseases induced by viruses.

NF-a is a multifunctional cytokine that appears to have

an important role in the pathogenesis of tissue damage
seen in multiple unrelated conditions such as malaria, chronic
heart failure, GVHD, septic shock, and cachexia associated
to malignant and infectious diseases (1). The main stimulus
for TNF-a production appears to be bacterial LPS. How-
ever, other various agents such as parasites, exotoxins, lym-
phokines, and malignant cells are also capable of inducing
the synthesis of this cytokine (1). Although TNF-« is mainly
produced by macrophages, this cytokine is also synthesized
by NK cells or T lymphocytes stimulated through the CD3,
CD2, or CD69 molecular pathways (2-4). TNF-o synthesis
has also been observed in certain L929 fibrosarcoma cells and
some nonhematopoietic cell lines (5, 6). In addition, TNF-«
is produced by thymic mast cells, keratinocytes, as well as
myocardial and islet cells (7-9). However, it has not been
established whether or not TNF-« is produced by hepatocytes.
Hepatitis B virus (HBV) and hepatitis C virus (HCV) are
the main causative agents of chronic viral hepatitis in humans.
These viruses are capable of infecting hepatocytes, inducing
inflammatory and necrotic changes in the liver. Since HBV

is not cytolytic for hepatocytes, the liver damage seen in chronic
HBV infection appears to be mainly mediated by the immune
response against the virus (10, 11). CTLs appear to play an
important role in the liver damage seen in HBV infection
(12), and cytokines produced by immune cells, such as TNF-,
might also have a role in the liver damage induced by viruses.
The liver appears to be a source of several proinflammatory
cytokines such as IL-1, IL-6, and TNF-o (13-14), however,
it has not been determined which liver cells are capable of
synthesizing these cytokines. In this work, the production
of TNF-a by normal and inflamed liver was assessed at pro-
tein and mRNA levels. We have found significant TNF-o
production in liver from patients with chronic HBV and HCV
infections. It is interesting to note that hepatocytes appear
to be the main source of TNF-« in these conditions.

Materials and Methods

Antibodies and Epitope Mapping Analysis. The generation of the
antiTNF-o¢ mAb used in this study has previously been described
(2, 3). The antiTNF-o« WI-AT-4 mAb was obtained from Pierce
Chemical Co. (Rockford, IL). A purified polyclonal anti-TNF-o

841  J. Exp. Med. © The Rockefeller University Press « 0022-1007/94/03/0841/08 $2.00
Volume 179 March 1994 841-848

20z Iudy GZ uo 3senb Aq 4pd° L ¥8/91.GG291/L¥8/€/6. L APd-8loie/wal/Bio°ssaidni//:dny woy pepeojumoq



1 234 567 8 91011 1213141516

MrX|63

- - am——

antibody developed in sheep was kindly provided by Dr. D. Pascual-
Salcedo (Hospital La Paz, Madrid, Spain). Epitopes recognized by
the anti'TNF-o mAb were determined by cross-blocking binding
assays, as described (15).

Radiolabeling Immunoprecipitation, and Electrophoresis.  The speci-
ficity of mAb for TNF-o was confirmed by immunoprecipitation,
as described (2). Briefly, TNF-« was radioiodinated and mixed with
mAb-containing culture supernatants. Immunocomplexes were iso-
lated by the addition of 187.1 rat anti-mouse & chain mAb, fol-
lowed by protein A from Staphylococcus aureus coupled to Sepharose
(Pharmacia, Uppsala, Sweden). Immunoprecipitates were processed
as previously described (2), and samples were subjected to 15%
SDS-PAGE and autoradiography.

Patients and Controls.  The study included 20 patients who had
liver biopsy findings compatible, by internationally accepted criteria
(16), with chronic active hepatitis, 10 type B and 10 type C. Five
patients with biopsy-proven alcoholic liver disease and four patients
with histologically normal liver were studied as controls. All were
negative for HBsAg and anti-HCV antibodies.

Liver Biopsies.  After written consent, percutaneous liver biop-
sies were obtained from all patients. Normal liver biopsies were
obtained, after written consent, from patients who underwent a
laparotomy for noncomplicated cholecystectomy. A portion of the
biopsies was fixed in 10% formaldehyde and embedded in parafhn
by routine methods. Another portion of the biopsies was snap frozen
in nitrogen-cooled isopentane and stored at —80°C until use.

Immunochemical Staining.  Frozen liver sections (4-6 um) fixed
in cold acetone were incubated with the antiTNF-oc mAb. The
indirect immunoperoxidase and the APAAP staining techniques
were performed as previously described (17-19). In all experiments,
P3X63 myeloma culture supernatants, as well as several other mAbs
(17-19) were used as controls.

For immunofluorescence studies, frozen liver sections were in-
cubated with a biotinylated polyclonal sheep anti TNF-a antiserum.
After washing three times with Tris-buffered saline, the sections
were incubated with an FITC-labeled avidin (Vector Laboratories,

Figure 1. Immunoprecipitation of re-
combinant 15ITNF-¢ by different anti-
TNF-c: mAbs. Precipitation with the nega-
tive (P3X63) and positive (WI-AT-4) con-
trol mAb is also shown (lanes 15 and 16,
respectively). Immunocomplexes were iso-
lated, and reduced samples were subjected
to SDS-15% PAGE and autoradiography.
Lane 1: AM918 mAb; lane 2: AM917 mAb;
lane 3: AM915 mAb; lanes 4 and 5: no
mADb; lane 6: AM933 mAb; lane 7: AM914
mADb; lane §: AM913 mAb; lane 9: AM912
mAb; lane 10: AM911 mAb; lane 11:
AM939 mAb; lane 12: AM909 mAb; lane
13: AM908 mAb; and lane 14: AM903
mAb.

Inc., Burlingame, CA). Subsequently, sections were washed and
cell nuclei were counterstained with 4'-6-diamino-2-phenylindole
(DAPI). Negative controls included both preimmune serum and
an irrelevant sheep anti-digoxigenin antiserum (Boehringer Mann-
heim, Mannheim, Germany).

RNA Probes.  Plasmid pGEM-KTNF-« (20) were used as tem-
plates to generate digoxigenin-labeled sense and antisense RNA
probes (21). A 550-bp fragment of the rat serum albumin cDNA
was used as positive control for hybridization on hepatocytes.

In Situ Hybridization. Paraffin-embedded liver sections were
dewaxed with bio-clear (Bio-Optica, Milan, Italy), digested 12 min
with 20 ug/ml proteinase K (Sigma Chemical Co., St. Louis, MO),
and hybridized overnight at 45°C with a preheated (75°C, 5 min)
hybridization mixture (100 ng/ml of RNA probe, 2x S$SC, 0.5
mg/ml yeast tRNA, 10 mM dithiothreitol, 50% formamide, 10%
SDS, and 20 mM Tris HCI, pH 7.5), as described (21). After
posthybridization washings in 50% formamide, 5x SSC, and 10%
SDS at 55°C, sections were incubated for 30 min at room temper-
ature with a mouse anti-digoxigenin mAb (Boehringer Mannheim).
Sections were then washed and stained by the APAAP technique,
as described above. Negative (TNF-o sense RNA probe) and posi-
tive (antisense albumin RNA probe) controls were run simultane-
ously with the TNF-« antisense RNA probe.

Transfection of HepG2 Cells. HepG2 cells were transfected by
the calcium phosphate precipitation method. Transient transfec-
tions were carried out employing the recircularized whole genome
of HBV (22), as well as the plasmid pSBDR-X, which contains
the open reading frame of HBV X gene under the transcription
control of its own promoter and enhancer (kindly provided by Dr.
A. Siddiqui, University of Colorado, Denver, CO). An irrelevant
plasmid (pAIMI-neo containing the open reading frame of CD69/
AIM) was used as negative control. Transfected HepG2 cells were
grown on glass coverslips and cells fixed in methanol/acetone. Im-
munodetection of TNF-o was carried out by indirect im-
munofluorescence staining using both antiTNF-a mAb and a
specific anti-TNF-o polyclonal antiserum. An anti vascular cell adhe-

Figure 2. Immunohistochemical detection of TNF-« in liver sections. (A4~D) Immunoperoxidase staining of liver sections from a patient with chronic
active hepatitis C (A4), alcoholic liver damage (C), and a control individual (B). The negative control (P3X63 myeloma supernatant) of immunoperoxidase
staining is also shown (D). All images correspond to liver sections run at the same time. Sections were counterstained with Carazzi's hematoxylin.
Original magnifications at 400 (4, C, D) and 200 (B). (E-F) Immunofluorescence staining of liver sections from a patient with chronic active hepatitis
C with a polyclonal antiTNF- antiserum. To show the presence of cellular infiltrate, cell nuclei were counterstained with DAPI (blue fluorescence)
in F. Cell infiltrate shows minimal TNF- immunoreactivity (green fluorescence). Original magnification at 600.
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sion molecule 1 mAb was used as negative control, and an anti
intercellular adhesion molecule 1 (ICAM-1) mAb was used as a
positive control (23). The 2.2.15 cell line, which is a stably trans-
fected derivative of HepG2 cells developed by transfection with a
dimerized HBV genome (22), was also tested for TNF-a im-
munoreactivity.

Results and Discussion

TNF-a is mainly produced by macrophages; however, there
is evidence regarding TNF-a production by cells that are not
derived from bone marrow (5-8). The constitutive activity
of the TNF-a gene promoter is canceled in nonmacrophage
cell lines, but an as yet unidentified cell factor appears to be
capable of overcoming this suppressive state (24). This ap-
pears to be the mechanism that accounts for the TNF-« syn-
thesis by some nonhematopoietic cells (5-7). In this study,
we addressed the production of TNF-a by normal and
inflamed human liver, specifically, the synthesis of this cytokine
by virally infected hepatocytes.

To investigate the possible production of TNF-¢ in normal
and inflamed liver, we generated a panel of TNF-a-reactive
mAbs. These mAbs were found to be specific for three different
antigenic determinants of TNF-oz: epitopes A (two mAbs),
B (seven mAbs), and C (three mAbs). All these mAbs selec-
tively immunoprecipitated the same 17-kD form of TNF-a
recognized by control anti-TNF-a mAb (Fig. 1). With this
panel of mAbs, a high level of TNF-o immunoreactivity was
detected on liver sections from patients with chronic HBV
and HCV infections. Such reactivity was observed using anti-
TNF-c mAbs specific for epitope B, but not with those specific
for A or C epitopes. TNF-o immunoreactivity was mainly
observed in hepatocytes, showing a predominant cytoplasmic
staining (Fig. 2 A). In most cases, all hepatocytes were diffusely
stained, but in some cases, the strong reactivity was mainly
located to the periportal areas, specifically where inflamma-
tion and piecemeal necrosis was more evident. A weak TNF-&¢
immunoreactivity was observed in some infiltrating cells, with
no staining of Kupffer cells. These results were confirmed
using a specific polyclonal anti-TNF-« antiserum (Fig. 2, E
and F). The staining pattern obtained in liver sections using
anti-TNF-a mAb was clearly different from those obtained
with other mAbs (11, 18, 19, and data not shown). In addi-
tion, no staining was obtained with the P3X63 myeloma su-
pernatant (Fig. 2 D).

A low level of TNF- immunoreactivity was observed in
cells from normal liver sections (Fig. 2 B). In these cases,
a significant staining was detected in some hepatocytes lo-
cated to perivenular areas, whereas in other sites, only scat-
tered positive hepatocytes were found. No apparent TNF-o
expression was detected on Kupffer cells. Liver sections from
alcoholic hepatitis showed a pattern of TNF-« expression

similar to that found in normal liver (Fig. 2 C). TNF-a im-
munoreactivity was mainly located in the cytoplasm, sug-
gesting accumulation of the protein into the cells. It is pos-
sible that TNF-c is processed by a different pathway in
hepatocytes than in macrophages or T lymphocytes (2, 4,
25). Thus, the hepatocyte-derived TNF-a might not be ac-
tively secreted, exerting their actions predominantly in the
same cell that is producing, or in the neighboring cells. On
these conditions, no endocrine effects of hepatocyte-derived
TNF-a should be expected.

Immunohistochemical studies were confirmed by immu-
noblotting analysis of liver homogenates using a specific poly-
clonal antiserum. These analyses revealed the presence of a
specific band of 17 kD in immunoprecipitates from livers with
HBV infection (data not shown). The above results demon-
strated the presence of immunoreactive TNF-a: molecules in
hepatocytes, with a remarkable upregulated expression in
chronic vira] hepatitis.

In situ hybridization experiments using a specific RNA
probe revealed the presence of high TNF-a mRNA levels
in liver sections from both chronic HBV and HCV infec-
tions. A strong expression of TNF-oo mRNA was observed
in hepatocytes (Fig. 3 A), with a pattern that resembled that
obtained in immunostaining experiments using anti-TNF-a
mAb. Positive cells for TNF-o mRNA were also found in
the mononuclear cell infiltrate (Fig. 3, D and F), a finding
that contrasted with the very low TNF-a immunoreactivity
of these cells (Fig. 2, A and F). Positive cells with a location
and morphology of Kupffer cells were found in all cases (Fig.
3, E and F). Low levels of TNF-¢ mRNA were detected
in liver sections from alcoholic liver disease (Fig. 3 G). In
these specimens, the TNF-a mRNA-expressing cells were
also mainly hepatocytes. In normal liver sections, scattered
positive hepatocytes were found (Fig. 3 H), whereas Kupffer
cells were usually negative.

It has been described that HBV is capable of upregulating
the expression of ICAM-1 and HLA-DR on hepatocytes (23,
26). This effect appears to be mediated by the HBV protein
X that transactivate gene promoters containing nuclear factor
(NF) «B and other sequence motifs (23, 26). It is conceivable
that TNF-« synthesis by hepatocytes may also be modulated
by viral proteins, such as HBV protein X. The presence of
NEF-«B responsive sequences in the TNF-a¢ gene (27), fur-
ther supports this point. To test this possibility, we performed
transfection experiments on HepG2 cells using both the whole
HBV genome and the HBV X gene. HepG2 cells transiently
transfected with either HBV whole genome or HBV X gene,
showed strong TNF-a immunoreactivity (Fig. 4 A, and data
not shown). TNF-« staining was mainly cytoplasmic, but
cell membrane immunoreactivity was also seen. Untransfected
HepG2 cells or those transfected with the negative control
plasmid (pAIMI-neo), did not show TNF-o immunoreac-

Figure 3. Insitu detection of TNF- mRNA using a nonradioactive RNA probe. An enzyme-linked color reaction (fast red) identifies cells hybridizing
to the digoxigenin-11-UTP-labeled TNF-or probe. All images correspond to the same experiment and were run simultaneously. Antisense probe in
a liver section from a patient with chronic active hepatitis C (4, C, D, E, and F). Negative control (sense probe) in a liver section from the same
biopsy (B). Original magnifications at 200 (A and B), 400 (C and D), and 600 (E and F). (G-H) Antisense probe in a liver section from a patient
with alcoholic liver disease (G) and in a normal liver section (H). Original magnification at 400.

845 Gonzilez-Amaro et al.

20z Iudy GZ uo 3senb Aq 4pd° L ¥8/91.GG291/L¥8/€/6. L APd-8loie/wal/Bio°ssaidni//:dny woy pepeojumoq



Figure 4. Detection of TNF-« in hepatoblastoma HepG2 cells by indirect immunofluorescence. (A) Cells transiently transfected with whole HBV
genome and stained with the anti-TNF AM918 mAb. (B) Cells transiently transfected with a negative control plasmid (pAIMI-neo) and stained with
the antiTNF AM918 mAb. (C) Hep.G2 cells stably transfected with dimerized HBV genome {cell line 2.2.15) stained with the antiTNF-o AM918
mAb. (D) Cells stably transfected with dimerized HBV genome and stained with an anti-ICAM-1 mAb.

tivity (Fig. 4 B, and data not shown). These results were
confirmed with the 2.2.15 cell line, stably transfected with
dimerized HBV genome. These cells also showed TNF-¢x im-
munoreactivity with both anti-TNF-oe mAb and a specific
polyclonal antiserum (Fig. 4 C, and data not shown). As has
been described (23), HepG2 cells transfected with HBV ge-
nome or HBV X gene, showed a significant ICAM-1 im-
munoreactivity (Fig. 4 D). ICAM-1 was mainly located to
the cell membrane (Fig. 4 D), with a staining pattern that
contrasted with that obtained with anti-TNF-a mAb.
Since TNF-o production was detected, at low levels, in
hepatocytes from individuals with no evidence of hepatic viral

846 TNF-¢ in Hepatitis

infection, stimulus for hepatocytes TNF-a production, other
than viral proteins, must exist.

TNF-o appears to play a role in the tissue damage seen
in conditions in which inflammation and liver necrosis occur,
such as GVHD and liver allograft rejection (28, 29). Large
quantities of TNF-o¢ may have a deleterious local effect in
HBYV and HCV liver infection through several mechanisms.
TNF-a may participate in the increased liver expression of
ICAM-1 and other adhesion receptors in both HBV and HCV
liver infection (18, 19), contributing to the inflammatory and
cytotoxic phenomena seen in these conditions. TNF-a might
be cytotoxic itself, and in addition, it might participate in

¥20z 1Mdy Gz uo 1senb Aq Jpd° L ¥8/91 65291/ ¥8/€/6. 1 /pd-aonue/wal/Bio ssaidnl//:dpy woy pepeojumoq



the activation of cytotoxic immune cells. TNF-¢ also might
induce HBV and HCV viral replication, as in the case of HIV
(30). The possible autocrine induction (via TNF-a) of large
quantities of nitric oxide synthesis by hepatocytes (31) is an-
other interesting possibility.

Our results demonstrate for the first time the in vivo produc-
tion of TNF-a by human hepatocytes, with a remarkable
upregulation in HCV and HBV infection. The constitutive

production of TNF-a by nonhemopoietic cells may have an
important role in the normal physiology of several tissues,
including the liver. Under abnormal circumstances, such as
viral infections, an increased production of TNF-a by non-
hemopoietic cells might be deleterious and mediate tissue
damage. Local production of TNF-a by nonimmune cells
may have an important role in tissue inflammation and necrosis
seen in infectious and autoimmune diseases.

We fully appreciate the excellent technical assistance of M. P. Paricio, and the critical reading of the manu-
script by Dr. A. L. Corbi. We thank Dr. D. Pascual-Salcedo for kindly providing the polyclonal anti~TNF-&¢
antiserum, and Drs. Aleem Siddiqui and R. Tur-Kaspa (Hassadah Hospital, Jerusalem, Israel) for kindly
providing the pHBV and pSBDR-X plasmids, as well as the 2.2.15 cell line. The continuous support
and helpful discussion of Drs. A. G. Arroyo and A. Nieto is also acknowledged.

This work was supported by grants from Centro Desarollo Technologico e Investigacién-Laboratorios
Andrémaco S.A. (880051), Fondo Investigaciones Sanitatarias (92/0472), PB92/0318, and Direccion General
de Investigacién Cientifica y Técnica (to R. Gonzilez-Amaro).

Address correspondence to Dr. Francisco Sinchez-Madrid, Seccién de Inmunologia Hospital de la Princesa,
Diego de Leén 62, E-28006 Madrid, Spain. R. Gonzilez-Amaro is an investigator on leave from the School
of Medicine, University of San Luis Potosi, San Luis Potosf, Mexico.

Received for publication 25 August 1993 and in revised form 4 November 1993.

References

1. Vassalli, P. 1992. The pathophysiology of tumor necrosis factor.
Annu. Rev. Immunol. 10:411.

2. Santis, A.G., M.R. Campanero, ].L. Alonso, and F. Sinchez-
Madrid. 1992. Regulation of tumor necrosis factor (TNF)-a
synthesis and TNF receptors expression in T lymphocytes
through the CD2 activation pathway. Eur. J. Immunol. 22:3155.

3. Santis, AG., M.R. Campanero, ].L. Alonso, A. Tugores, M.A.
Alonso, E. Yague, J.P. Pivel, and F. Sanchez-Madrid. 1992.
Tumor necrosis factor-o production induced in T lymphocytes
through the AIM/CD69 activation pathway. Eur. J. Immunol.
22:1253.

4. Khinkhabwala, M., P. Sehajpal, E. Skolnik, D. Smith, V.K.
Sharma, H. Vlassara, A. Cerami, and M. Suthanthiran. 1990.
A novel addition to the T cell repertory. Cell surface expres-
sion of tumor necrosis factor/cachectin by activated normal
human T cells. J. Exp. Med. 171:941.

5. Rubin, BY., S.L. Anderson, S.A. Sullivan, B.D. Williamson,
E.A. Carswell, and L.J. Old. 1986. Nonhematopoietic cells
selected for resistance to tumor necrosis factor produce tumor
necrosis factor. J. Exp. Med. 164:1350.

6. Spriggs, D., K. Imamura, C. Rodriguez, J. Horiguchi, and
DW. Kufe. 1987. Induction of tumor necrosis factor expres-
sion and resistance in a human breast tumor cell line. Proc. Natl.
Acad. Sci. USA. 84:6563.

7. Kock, A., T. Schwarz, R. Kirnbauer, A. Urbanski, P. Perry,
J.C. Ansel, and T.A. Luger. 1990. Human keratinocytes are
a source for tumor necrosis factor o evidence for synthesis
and release upon stimulation with endotoxin or ultraviolet light.
J. Exp. Med. 172:1609.

8. Murphy, M., D.S. Friend, L. Pike-Nobile, and L.B. Epstein.
1992. Tumor necrosis-o and IFN-7 expression in human thy-
mus. Localization and overexpression in Down syndrome

847 Gonzilez-Amaro et al.

(trisomy 21). J. Immunol. 149:2506.

9. Giroir, B.P,, J.H. Johnson, T. Brown, G.L. Allen, and B.
Beutler. 1992. The tissue distribution of tumor necrosis factor
biosynthesis during endotoxemia. J. Clin. Invest. 90:693.

10. Eggink, H.F., H.J. Houthoff, S. Huitema, C.H. Gips, and
S. Poppema. 1982. Cellular and humoral immune reactions in
chronic liver disease. I. lymphocyte subsets in liver biopsies
of patients with untreated idiopathic autoimmune hepatitis,
chronic active hepatitis B and primary biliary cirrhosis. Clin.
Exp. Immunol. 50:17.

11. Garcia-Monzén, C., R. Moreno-Otero, J.M. Pajares, A. Garcia-
Sanchez, M. Lépez-Botet, M.O. de Landazuri, and F. Sinchez-
Madrid. 1990. Expression of a novel activation antigen on intra-
hepatic CD8" T lymphocytes in viral chronic active hepatitis.
Gastroenterology. 98:1029.

12. Pape, G.R., E.P. Rieber, J. Eisenburg, R. Hoffmann, C.M.
Balch, C. Baumgartner, and G. Reithmuller. 1983. Involve-
ment of the cytotoxic/suppressor T cell subset in liver tissue
injury of patients with acute and chronic liver disease. Gas-
troenterology. 85:657.

13. Tovey, MG,, J. Content, I. Gresser, J. Gugenheim, B. Blan-
chard, J. Guymarho, P. Poupart, M. Gigou, A. Shaw, and W.
Fiers. 1988. Genes for IFN-3-2 (IL-6), tumor necrosis factor,
and II-1 are expressed at high levels in the organs of normal
individuals. J. Immunol. 141:3106.

14. Ulich, T.R., K. Guo, B. Inwin, DG. Remick, and G.N.
Davatelis. 1990. Endotoxin-induced cytokine gene expression
in vivo. I1. Regulation of tumor necrosis factor and interleukin-
1a/B expression and suppression. Am. J. Pathol. 137:1173.

15. Cebrin, M., E. Yague, M.O. de Landazuri, M. Rodriguez-
Moya, M. Fresno, N. Pezzi, S. Llamazares, and F. Sénchez-
Madrid. 1987. Different functional sites on rIFN-a2 and their

20z Iudy GZ uo 3senb Aq 4pd° L ¥8/91.GG291/L¥8/€/6. L APd-8loie/wal/Bio°ssaidni//:dny woy pepeojumoq



16.

17.

18.

19.

20.

21.

22,

23.

24.

relation to the cellular receptor binding site. J. Immunol. 138:484.
International Group. 1977. Acute and chronic hepatitis revisited.
Lancet. 2:914.

Acevedo, A., M.A. del Pozo, A.G. Arroyo, P. Sinchez-Mateos,
R. Gonzalez-Amaro, and F. Sinchez-Madrid. 1993. Distribu-
tion of ICAM-3 bearing cells in normal human tissues. Ex-
pression of a novel counter-receptor for LFA-1 in epidermal
Langerhans cells. Am. J. Pathol. 143:774.

Garcia-Monzén, C., R. Moreno-Otero, L. Garcia-Buey, A.
Garcfa-Sénchez, M.R. Campanero, and F. Sinchez-Madrid.
1992. Intrahepatic up-regulated expression of extracellular ma-
trix proteins receptors in chronic active hepatitis type B. Gas-
troenterology. 102:255.

Garcfa-Monzén, C., L. Garcfa-Buey, A. Garcfa-Sinchez, and
R. Moreno-Otero. 1993. Down-regulation of intercellular adhe-
sion molecule-1 on hepatocytes from patients with viral chronic
hepatitis treated with interferon alpha-2a. Gastroenterology.
105:642.

Marmenout, A., L. Fransen, J. Tavernier, J. van der Heyden,
R. Tizard, E. Kawashima, A. Shaw, M.]. Johnson, D. Semon,
R. Muller, et al. 1985. Molecular cloning and expression of
human tumor necrosis factor and comparison with mouse
tumor necrosis factor. Eur. J. Biochem. 152:515.

Wilkinson, D.G., and M.A. Nieto. 1993. Analysis of gene ex-
pression by in situ hybridization to tissue sections and in whole
mount. Methods Enzymol. 225:361.

Sells, M.A., M.-L. Chen, and G. Acs. 1987. Production of
hepatitis B virus particles in HepG2 cells transfected with cloned
hepatitis B virus DNA. Proc. Natl. Acad. Sci. USA. 84:1005.
Hu, K.-Q., C.H. Yu, and ].M. Vierling. 1992. Up-regulation
of intercellular adhesion molecule 1 transcription by hepatitis
B virus X protein. Proc. Natl. Acad. Sci. USA. 89:1141.
Kruys, V., K. Kemmer, A. Shakhov, V. Jongeneel, and B.
Beutler. 1992. Constitutive activity of the tumor necrosis factor
promoter is canceled by the 3' untranslated region in non-

848 TNF-a in Hepatitis

25.

26.

27.

28.

29.

30.

31.

macrophage cell lines; a trans-dominant factor overcomes this
suppressive effect. Proc. Natl. Acad. Sci. USA. 89:673.
Kriegler, M., C. Perez, K. DeFay, 1. Albert, and S.D. Lu. 1988.
A novel form of TNF/cachectin is a cell surface cytotoxic trans-
membrane protein: ramifications for complex physiology of
TNE. Cell. 53:45.

Hu, K.-Q,, J.M. Vierling, and A. Siddiqui. 1990. Trans-
activation of HLA-DR gene by hepatitis B virus X gene
product. Proc. Natl. Acad. Sci. USA. 87:7140.

Shakov, A.N., M.A. Collart, P. Vassalli, S.A. Nedospasov, and
VC. Jongeneel. 1990. kB-type enhancers are involved in
lipopolysaccharide-mediated transcriptional activation of the
tumor necrosis factor o gene in primary macrophages. J. Exp.
Med. 171:35.

Imagawa, DK., J.M. Millis, K.M. Olthoff, L.J. Derus, D.
Chia, L.R. Sugich, M. Ozawa, R.A. Dempsey, Y. Iwaki, PJ.
Levy, et al. 1990. The role of tumor necrosis factor in allograft
rejection. I. Evidence that elevated levels of tumor necrosis
factor-alpha predict rejection following orthotopic liver trans-
plantation. Transplantation (Baltimore). 50:219.

Holler, E., H.J. Kolb, A. Moller, J. Kempeni, S. Liesenfeld,
H. Pechumer, W. Lehmacher, G. Ruckdeschel, B. Gleixner,
C. Riedner, et al. 1990. Increased serum levels of tumor necrosis
factor-a precede major complications of bone marrow trans-
plantation. Bloed. 75:1011.

Folks, TM., K.A. Clouse, J. Justement, A. Rabson, E. Duh,
J.H. Kehrl, and A.D. Fauci. 1989. Tumor necrosis factor o
induces expression of human immunodeficiency virus in a
chronically infected T-cell clone. Proc. Natl. Acad. Sci. USA.
86:2365.

Curran, R.D., TR. Billiar, D.]J. Stuehr, K. Hofmann, and R.L.
Simmons. 1989. Hepatocytes produce nitrogen oxides from
L-arginine in response to inflammatory products of Kupffer cells.
J. Exp. Med. 170:1769.

20z Iudy GZ uo 3senb Aq 4pd° L ¥8/91.GG291/L¥8/€/6. L APd-8loie/wal/Bio°ssaidni//:dny woy pepeojumoq



