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METHODS AND COMPOSITIONS TO 
REDUCE LIVER DAMAGE ASSOCIATED 

WITH CONDITIONS OR THERAPIES THAT 
AFFECT THE IMMUNE SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a Continuation of copending 
U.S. patent application Ser. No. 13/183,617, filed Jul. 15, 
2011, which claims the benefit of priority from U.S. provi
sional application No. 61/365,243, filed Jul. 16, 2010. The 
above-referenced disclosures are herein incorporated by ref
erence in their entireties. 
[0002] This invention was made with government support 
under AI062026, CA115540 and DK58891 awarded by The 
National Institutes of Health. The government has certain 
rights in the invention. 

SEQUENCE LISTING 

[0003] The instant application contains a Sequence Listing 
which has been submitted in ASCII format via EFS-Web and 
is hereby incorporated by reference in its entirety. Said ASCII 
copy, created on Jul. 13, 2011, is named 113458_SEQ_ST25. 
txt and is 3,475 bytes in size. 

BACKGROUND 

[0004] Immune-mediated injury of the liver arises in dis
eases such as autoimmune hepatitis, primary biliary cirrhosis, 
and infectious viral hepatitis B and C. These diseases have 
few treatment options and cause significant morbidity and 
mortality in the US and worldwide. ConcanavalinA (ConA)
induced hepatitis has been investigated as a mouse model of 
T cell-mediated liver injury; however, the exact pathway lead
ing to hepatic injury is poorly defined and multiple pathways 
appear to exist. Understanding the etiology of immune-me
diated liver cell injury will enable development of novel 
therapeutic targets, and compositions for preventing or ame
liorating liver damage. 
[0005] Following ConA administration, a variety of cellu
lar and cytokine components contribute to liver injury. ConA 
induces the expression of multiple cytokines that regulate 
hepatocyte cell death and survival. Initial studies implicated 
CD4+ T cells in ConA provoked liver injury by noting that 
CD4 T cell depletion in mice was prophylactic. Later studies 
revealed that components of the innate immune system, such 
as neutrophils, Kupffer cells, eosinophils, as well as NKT 
cells also contribute to liver injury induced by ConA admin
istration. 
[0006] TNF superfamily members (TNFSF) play a central 
role in ConA-induced hepatitis. Among the earliest observa
tions was an increase in serum TNF after ConA administra
tion. The Fas/FasL system appears to be necessary for ConA 
hepatitis since gld/gld mice, in which FasL is defective, and 
!pr mice, in which Fas is defective, are reported resistant to 
ConA-induced liver injury. More recently the expression of 
FasL on NKT cells has been reported to be sufficient to 
mediate ConA-induced hepatitis. 
[0007] Another TNF superfamily member CD137 ( 4-lBB) 
which is primarily expressed on activated T cells, can con
tribute to liver injury via production of proinflammatory 
cytokines such as TNF and IFN-y. Increased IFN-y, IL-12, 
IL-5, IL-27, or IL-4 cytokines in serum after ConA adminis
tration exacerbate toxicity to hepatocytes, and a genetic defi-
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ciency in any one of these cytokines yields mice resistant to 
ConA-mediated liver injury. In contrast, IL-6, IL-10, IL-15, 
and IL-22 cytokines are reported to provide protection from 
ConA-induced liver injury. Trafficking of leukocytes to the 
liver is another critical mechanism in ConA-mediated liver 
injury. Production of chemokines such as MIP-2 (CXCL2) or 
MIP-la (CCL3) heighten liver injury by promoting migra
tion of inflammatory cells into the liver. 

[0008] Lymphotoxin (LT) is a member of the TNF super
family of cytokines with pleiotropic functions in the immune 
system and has two known forms. Membrane-anchored LT, 
heterotrimeric LTa1 ~ 2 , interacts exclusively with the Lym
photoxin ~ receptor (LT~R) while soluble LT, homotrimeric 
LTa3 , interacts with TNFRs I and II. Both TNFR and LT~R 
play a role in the organogenesis and maintenance of second
ary lymphoid organs. Membrane LT expression is primarily 
restricted to lymphocytes and lymphoid tissue inducing cells; 
whereas LT~R is not expressed on lymphocytes, but by stro
mal and hematopoietic cells, including macrophages and DC. 
The contribution of specific LT~R expressing cells in hepa
titis remains unknown. 

[0009] Aside from membrane LT a 1 ~ 2 , LT~R interacts with 
another membrane ligand, LIGHT ("lymphotoxin-like, 
exhibits inducible expression and competes with herpesvirus 
glycoprotein D for HVEM, a receptor expressed by T lym
phocytes"), also known as TNFSF14. While membrane 
LTa1~2 exclusively binds LT~R, LIGHT can also signal to 
herpes virus entry mediator (HVEM) expressed by distinct 
cell types. In contrast to LT, LIGHT is not essential for the 
form of lymphoid tissues, but has a potent T cell costimula
tory function affecting CTL-mediated tumor rejection, intes
tinal inflammation, allograft rejection, liver regeneration, and 
graft versus host disease. Previous studies were focused on 
LIGHT and implicated the role of LIGHT signaling through 
both LT~R and HVEM in the pathogenesis ofConA-induced 
hepatitis by an undefined mechanism, whereas the contribu
tion of LT was largely ignored. 

SUMMARY 

[0010] A novel LT-dependent pathway is described that 
mediates liver cell injury in several disease models. Control
ling LT signaling is an additional if not primary dimension of 
therapeutic intervention for a wide array of human liver dis
eases. 

[0011] T cell activation is an early and critical event in liver 
injury mediated by various therapeutic antibodies, and con
ditions and diseases such as viral or autoimmune hepatitis. 
Multiple TNFSF cytokines activate critical pathways which 
are essential or sufficient for T cell-mediated hepatic injury. 
Observations in recent clinical trials of severe liver injury 
after the repeated use of agonistic antibodies against CD137 
and LT~R, both TNF receptor family members, illustrates the 
limitation on clinical trials due to liver damage. These serious 
side effects prevented further trials. 

[0012] Unexpectedly, the LT~R and TNFR pathways were 
found to be essential for the pathogenesis of liver injury 
mediated by multiple TNFSF cytokines, including Fas, 
CD137, lymphotoxin, and LIGHT. Genetic interruption of 
the LT~R pathway, specifically on hepatocytes, prevents such 
liver injury in mice Inhibition of LT~R or TNFR signaling 
effectively protected mice from liver injury induced by vari
ous insults to the liver. These results suggest that TNFR and 
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LT~R signaling on liver tissues is an essential pathway for the 
development of various forms of hepatitis and is a therapeutic 
target. 
[0013] Disclosures herein illuminate a broader role of 
TNFR and LT~R in the pathogenesis ofliver injury caused by 
ConA, Fas, or CD137 stimulation. This creates a new dimen
sion to understanding the control ofhepatocyte survival and 
homeostasis because LT~R and TNFR signaling integrates 
several TNF superfamily cytokines with distinct roles in liver 
injury. Methods and compositions disclosed herein allow for 
a new approach, blocking components of the TNF or LT 
pathways, to control immune pathology within the liver. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. lA-lG. LT~R-deficient mice are resistant to 
Fas-induced liver injury. WT and LT~R-1

- mice were injected 
i.v. with 0.3 mg/kg of anti-Fas antibody (Jo2). This data is 
representative of two independent experiments. (A) FIG. lA 
Mice survival kinetics. n-numberof mice per group. (B) (FIG. 
lB) Alanine aminotransferase (ALT) levels in serum at 3 h 
after Jo2 injection. Data are presented as mean±SD, n=4. 
(FIGS. lC and lD) Reduced neutrophils recruitment to the 
liver in LT~R-1

- mice at 2 h after Jo2 injection. (C) (FIG. lC) 
Lymphoid cells were purified from the liver by PERCOLL® 
gradient and stained with anti-Gr-I and anti-CDll b antibod
ies by flow cytometry. (D) FIG. lD_Representative hema
toxylin and eosin and anti-myeloperoxidase (MPO) staining 
ofliver sections at 2 h after Jo2 or control rat-IgG injection. 
Bars: 50 µm. (E) FIG. lE shows reduced_expression of 
CXCL2 and (FIG. lF) of CCL3 and (FIG. lG) of CXCLI 
chemokines in the liver of LT~R-1

- mice at 2 h after Jo2 
injection measured by real-time PCR. Data shown have been 
normalized to HPRT. Data shown are means±SD, n=4. 
[0015] FIG. 2A-2G. Inhibition ofLT~R signaling prevents 
hepatitis in a Fas-independent liver injury model. FIG. 
lA-lC_Fas-independent liver injury model was induced by 
agonistic anti-CD137 treatment. Fas_;_ mice were injected 
i.p. with 200 micrograms of anti-CD137 antibody or control 
rat IgG. (A) (FIG. lA Kinetics of ALT levels in serum. (B) 
(FIG. lB) Hematoxylin and eosin staining (upper panel) and 
TUNEL apoptosis staining of livers on day 7 after anti
CD137 treatment. (C) (FIG. 1C)CD137-induced hepatitis is 
dominated by CDS T cell inflammation. Total cell numbers of 
T cell subsets, B, NKT and NK cells in the liver at day 7 after 
anti-CD137 treatment. (D) (FIG. lD) CD4+ T cells are not 
required for CD137-induced hepatitis. Hematoxylin and 
eosin staining oflivers from Fas_;_ and Fas-1-cD4-1

- mice on 
day 7 after anti-CD137 treatment. (E) (FIG. lE) CDS+ T cells 
are essential for CD137-induced hepatitis. Hematoxylin and 
eosin (upper panel) or TUNEL staining for apoptosis (lower 
panel) oflivers from Fas_;_ and Fas_;_ CDs-1- mice on day 7 
after anti-CD137 treatment. (FIG. lF AND lG) LT~R-Ig 
treatment prevents hepatitis in induced by agonistic anti
CD137 treatment. Fas_;_ mice were injected i.p. with 200 µg 
of anti-CD137 antibody or control rat IgG. LT~R-Ig (200 µg) 
was injected i.p. on day O and day 2 after anti-CD137 admin
istration and serum ALT levels (F) (FIG. lF), and hematoxy
lin and eosin liver sections (G) analyzed on day 7. Compa
rable results were obtained in two independent experiments. 
Data shown in (FIGS. lA, lC and lF) represent means±SD, 
n=4 mice per group. Bars: 100 µm. 
[0016] FIG. 3A-3G. Fas-independent liver injury model 
induced by agonistic anti-CD137 treatment. (A) (FIG. 3A) 
Fas_;_ mice were injected i.p. with 200 µg of anti-CD137 
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antibody or control rat-IgG and total leukocyte cell numbers 
in the liver analyzed on day 7 and 14. (FIGS. 3B and 3C) 
Cytokine expression in liver after agonistic anti-CD 13 7 treat
ment. (B) (FIG. 3B) Agonistic anti-CD 13 7 treatment induces 
IFN-y production by T cells. Fas_;_ mice were injected i.p. 
with 200 µg of anti-CD137 antibody or control rat-IgG and 
IFN-y expression by T cells was analyzed by flow cytometry 
at day 7 after treatment. (C) (FIG. 3C, 3D) Agonistic anti
CD137 treatment increases production of proinflammatory 
cytokines in the liver. Fas_;_ mice were injected i.p. with 200 
µg of anti-CD137 antibody or control rat-IgG. Cytokine pro
duction in the liver at 7 days after treatment was measured by 
using cytokine bead assay (BD Biosciences). (FIGS. 3E and 
3F) ALT levels in serum of livers from Fas_;_ and Fas_;_ 
CD4_1

_ mice (D), or Fas_;_ and Fas-1-cDs-1- mice (E) (FIG. 
3F) on day 7 after anti-CD137 treatment. (F) (FIG. 3G) 
LT~R-Ig treatment prevents hepatitis in induced by agonistic 
anti-CD137treatment. Fas_;_ micewereinjectedi.p. with200 
µg of anti-CD137 antibody or control rat-IgG. LT~R-Ig (200 
µg) was injected i.p. on day O and day 2 after anti-CD137 
administration and leukocyte cell number in the liver ana
lyzed on day 7. Data shown are means±SD, n=3. Comparable 
results were obtained in two independent experiments. 

[0017] FIGS. 4A and 4B. Fas-independent liver injury 
model induced by agonistic anti-CD137 treatment can be 
controlled by soluble TNFR or LT~R. (A) (FIG. 4A) Fas-1

-

micewere injectedi.p. with200 µgofanti-CD137 antibody or 
control rat-IgG. Low dose ofTNFR-Ig, LT~R-Ig (100 ug) or 
anti-IFNy was used on day O after anti-CD 137. Serum ALT 
andASTweremonitoredonday7 afteranti-CD137. (B)FIG. 
4B. Fas_;_ mice were injected i.p. with 200 µg ofanti-CD137 
antibody or control rat-IgG. Low dose of anti-LTb antibody, 
LTbR-Ig (100 µg), HVEM-Ig, or anti-IFNy was used on day 0 
after anti-CD 137. Serum ALT and AST were monitored on 
day 7 after anti-CD 137. 

[0018] FIGS. 5 and SB. LT~R signaling by LT is essential 
for pathogenesis of hepatitis. (A) FIG. lA. LT~-/- and LT 
~R-1

- deficient mice are resistant to ConA-induced hepatitis. 
WT, LT~-1

-, LT ~R-1
-, and TNFR-1

- mice received a suble
thal dose ofConA (13 mg/kg).ALT levels were measured 24 
h later. Data shown are means±SD. n=5 mice per group. 
Comparable results were obtained in three independent 
experiments. (B) (FIG. lB). Liver sections from indicated 
mice sacrificed 24 h after ConA injection were stained with 
hematoxylin and eosin. ConA treatment induces geographic 
necrosis in WT mice with minimal liver necrosis in LT~-/
and LT~R-1

- mice. All histology displayed at original mag
nification. Histology pictures indicative of results from one of 
three independent experiments. 

[0019] FIG. 6A-6D. LT~R-Ig fusion protein treatment pro
tected from ConA-induced liver injury. (FIG. 6A-6C). WT 
mice (n=5) received 200 µg i.v. LT~R-Ig or control human 
IgG two hours prior to 20 mg/kg ofConA injection. (A) (FIG. 
6A) Hematoxylin and eosin staining ofliver sections obtained 
24 hours post ConA injection. (B) (FIG. 6B) Serum collected 
at 24 hours assayed for ALT activity. (C) (FIG. 6C) TUNEL 
liver section staining for apoptosis at S hours following ConA 
injection. (D) (FIG. 6D) LT blockade via anti-LT~ antibody 
reduces ConA-induced liver injury. WT mice received an i.v. 
lethal dose of ConA (20 mg/kg) and either pretreated with 
hamster anti-LT~ antibody (50 µg) (n=5 mice per group) or 
control hamster HA4/S antibody (n=5) two hours prior to 
ConA injection. Serum was assayed at 24 h for ALT activity. 
Represents one of two independent experiments. 
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[0020] FIG. 7. LT expression is increased in livers of hepa
titis C patients. LT a mRNA expression in the livers of normal 
donors and hepatitis C patients was measured by real-time 
PCR. Statistical significance was determined by a two-tailed 
unpaired Student's t-test (**p=0.0027). 

DETAILED DESCRIPTION 

[0021] Activated T cell-induced liver injury in viral and 
autoimmune hepatitis involves multiple TNFSF members 
and various signaling pathways. Tempering such injury by a 
single treatment has been difficult. Relieving the staggering 
worldwide burden ofliver diseases requires new understand
ing of pathogenesis and new treatments. The multiple dimen
sions of LT~R (and TNFR) signaling revealed its focal 
responsibility for integrating distinct hepatocyte injury sig
naling pathways. The dependence of distinct hepatitis models 
on LT~R and TNFR signaling was shown; murine hepatitis 
was induced by stimulation ofTNFSF members Fas, CD137, 
LIGHT, or even ConA, a general T cell activator. Surpris
ingly, use of genetic knockout and soluble protein systems 
revealed that relevant LT~R signaling in ConA pathogenesis 
depends on membrane LT complex signaling directly on 
hepatocytes. TNFR and LT~R-dependent pathogenic mecha
nisms involve both the induction ofhepatocyte apoptosis and 
the regulation of inflammation by neutrophil recruitment. A 
single treatment with soluble LT~R fusion protein (LT~R-Ig) 
blocked liver injury from a variety of insults encompassing 
multiple signaling pathways. These new insights open a new 
dimension for achieving dynamic control of hepatic immune 
pathology with treatment implications for hepatitis and mul
tiple forms of liver injury. 
[0022] A recent study using a monoclonal antibody that 
limited LIGHT binding to LT~R, while minimally affecting 
the binding of LT, suggested an independent role of LIGHT in 
the pathogenesis of hepatitis, presumably acting through 
LT~R (Anand et al., 2006). In contrast, an independent study 
suggested LIGHT works through HVEM signaling in ConA
induced hepatitis (An et al., 2006). However, HVEM-defi
cient mice show a greater susceptibility to ConA-induced 
inflammation that calls into question the importance of 
HVEM signaling in LIGHT-mediated hepatitis (Wang et al., 
2005). LT~R signaling from the surface LT ligand has a 
non-redundant role in the development of hepatitis. Further
more, analysis of conditional LT~R-deficient mice was inter
preted to mean that LT~R expression specifically on hepato
cytes is essential for ConA-induced liver injury. 
[0023] LT-LT~R-dependent pathogenic mechanism likely 
involves both regulation of inflammation by neutrophil 
recruitment and induction ofhepatocyte apoptosis. The role 
of LT~R in neutrophil recruitment is novel and intriguing 
since no defect in neutrophil development is reported in LT- or 
LT~R-deficient mice. Gene microarray analysis revealed that 
expression of several neutrophil specific genes, such as 
myeloperoxidase and lactoferrin, were reduced in LTa-1

-

spleen compared to WT mice (Shakhov et al., 2000). Reduced 
numbers ofneutrophils in the livers ofLT~R-deficient mice 
following ConA administration compared to WT mice and 
increased numbers when LT~R was stimulated with adenovi
rus-delivered LIGHT have been observed. CXCL2 are CCL3 
are potent chemokines controlling neutrophil recruitment to 
the liver (Nakamura et al., 2001; Ramos et al., 2006; Bajt et 
al., 2001; Rawaiah et al., 2007). Previous studies showed that 
blocking CXCL2 or CCL3 with specific antibodies or inhibi
tors effectively protected mice from ConA-induced hepatitis 
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(Ajuebar et al., 2004; Okamoto et al., 2005). The present 
disclosure supports that LT~R signaling regulates CXCL2 
and CCL3 expression thus promoting neutrophil recruitment 
to the liver after ConA administration. 

[0024] How LT~R signaling promotes hepatocyte apopto
sis is not entirely clear. In contrast to TNFRI or Fas receptors, 
LT~R lacks the death effector domains known to trigger 
caspase activation and apoptosis (Ware, 2005). However, 
there is evidence that LIGHT-induced LT~R signaling can 
rapidly recruit TRAF3, TRAF2, cIAPl, and Smac adaptors 
(Kuai et al., 2003; Kim et al., 2005). TRAF3 activation via 
LT~R signaling appears to induce apoptosis in some adeno
carcinoma cell lines, whereas TRAF2 signaling promotes 
NF-KB and JNK activation (Kim et al. 2005). Several recent 
studies suggest that TRAF3 inhibits the noncanonical NF-KB 
activation pathway by suppressing pl00 processing through 
induction of NIK degradation. Another report shows pretreat
ment of human primary hepatocytes with LIGHT induces 
NF-KB activation and blocks apoptosis induced by TNF/ 
Actinomycin-D but not Fas-induced apoptosis. Cell context 
and balance between NF-kB and apoptotic pathways all 
appear to influence cell fate. Furthermore, LT~R-1

- mice 
were protected from Fas and ConA-induced liver injury, sug
gesting collaboration of LT~R and Fas signaling pathways 
leading to liver injury. LT~R-dependent up-regulation of neu
trophil recruiting CXCL2 and CCL3 chemokines after Fas 
and ConA stimulation promotes liver injury. In line with this, 
both CXCL2 and CCL3 are known to be transcriptionally 
activated by NF-kB signaling, which is induced following Fas 
and LT~R stimulation. 
[0025] In contrast to a hepatitis model, previous work by 
the inventors demonstrated that LT~R signaling promotes 
liver regeneration after partial hepatectomy. These similar 
seemingly paradoxical relationships exist for other members 
of the TNF superfamily of cytokines, Fas and TNF for 
instance. Injection of Fas agonistic antibody induced massive 
liver injury in WT, but not in TNFRim-1

- mice, while the 
same treatment promoted liver regeneration after partial 
hepatectomy. LT~R signaling may be constantly maintained 
by LT and such tuning will coordinate with other TNFRSF 
members to control homeostasis of liver regeneration and 
injury. TNF, IFN-y, and FasL are all induced after ConA 
administration. Therefore, it is possible that stimulation of 
hepatocyte LT~R by LT-expressing T and NKT cells causes 
apoptosis depending upon the presence of inflammatory 
cytokines such as TNF, IFNy, FasL. Therefore, inhibitors of 
TNF or LT, such as soluble receptors for TNF or LT, could be 
used as a treatment to reduce liver injuries by rather broad 
insults. 

[0026] An integrative role of LT~R (and TNFR) likely 
exists in connecting various pathways that control hepatocyte 
apoptosis and survival. Understanding the mediators of T 
cell-mediated liver injury provides targets for difficult-to
treat human liver diseases such as autoimmune and viral 
hepatitis Inhibition ofLT~R signaling is effective in prevent
ing both acute ConA-induced fulminant hepatitis and a sub
acute hepatitis induced by CD137 stimulation in Fas-defi
cient mice. In contrast, experimental approaches using 
stimulation of LT~R signaling are being pursued to improve 
liver regeneration, or anti-tumor therapy. Selective elimina
tion ofLT~R "side effects", such as neutrophil-induced liver 
inflammation may improve efficacy of these treatments. This 
could also be achieved through inhibition of CXCL2 and 
CLL3 activity using neutralizing antibodies. 
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[0027] Current therapeutics in development that may result 
in hepatic liver damage that could be alleviated by inhibition 
or antagonism of the TNF and/or LT pathways include BMS-
663513, a CD137 agonistic antibody. Other antibody thera
pies that may result in liver damage that could be alleviated by 
inhibition or antagonism of the TNF and or LT pathways 
include those that target coinhibitory and costimulatory T cell 
receptors. Coinhibitory and costimulatory molecules include 
cytotoxic T-lymphocyte antigen-4 (CTLA-4), glucocorti
coid-induced tumor necrosis factor family receptor (GITR), 
B7-Hl, programmed death [PD]-1, B7-H3 and B7x. 

[0028] Agonistic antibodies for CD137 are being devel
oped for the treatment of cancer, autoimmune and other 
immune related diseases, viral disease, by enhancing the 
response to vaccines and alleviating inflammatory disease. 

[0029] Cancer broadly refers to cellular-proliferation and/ 
or cellular growth disease states. The cancer may be breast, 
prostate, ovarian, brain, melanoma, colorectal, liver, lym
phoma, lung, oral, head, neck, spleen, lymph node, small 
intestine, large intestine, blood cells, stomach, pancreatic, 
endometrium, testicle, skin, esophagus, bone marrow, blood, 
cervical, bladder, Ewing's sarcoma, thyroid, a glioma, and/or 
gastrointestinal cancers. Cancer also includes but is not lim
ited to: sarcoma, myxoma, rhabdomyoma, fibroma, lipoma 
and teratoma, bronchogenic carcinoma, alveolar (bronchi
olar) carcinoma, bronchial adenoma, chondromatous hama
rtoma, mesothelioma, squamous cell carcinoma, colorectal 
adenocarcinoma, leiomyosarcoma, carcinoma of the stom
ach, pancreatic ductal adenocarcinoma, insulinoma, glu
cagonoma, gastrinoma, pancreatic carcinoid tumors, vipoma, 
cancers of the small bowel cancers of the large bowel, col
orectal adenocarcinoma, kidney adenocarcinoma, Wilm's 
tumor, nephroblastoma, bladder and urethra carcinomas 
prostate adenocarcinoma and sarcoma testicular cancers' 
hepatoma, hepatocellular carcinoma, ~holangiocarcinoma: 
hepatoblastoma, angiosarcoma, hepatocellular adenoma, 
hemangioma, osteosarcoma, fibrosarcoma, malignant fibrous 
histiocytoma, chondrosarcoma, malignant lymphoma 
(reticulum cell sarcoma), multiple myeloma, malignant giant 
cell tumor chordoma, osteochrondroma ( osteocartilaginous 
exostoses ), benign chondroma, chondroblastoma, chon
dromyxofibroma, osteoid osteoma and giant cell tumors; 
granuloma, xanthoma, osteitis defomians, meningioma, 
meningiosarcoma, gliomatosis, astrocytoma, medulloblas
toma, glioma, ependymoma, germinoma; pinealoma, glio
blastoma multiformae, oligodendroglioma, schwannoma, 
retinoblastoma, congenital tumors, neurofibroma, breast can
cer, endometrial carcinoma, cervical carcinoma, pre-tumor 
cervical dysplasia, ovarian carcinoma; serous cystadenocar
cinoma, mucinous cystadenocarcinoma, unclassified carci
noma; granulosa-theca cell tumors, Sertoli Leydig cell 
tumors, dysgerminoma, malignant teratoma, vulva! cancer, 
vaginal cancer fallopian tube carcinoma, chronic and acute 
myeloid leukemia, acute lymphoblastic leukemia, chronic 
lymphocytic leukemia, myeloproliferative diseases, multiple 
myeloma, myelodysplastic syndrome, Hodgkin's disease, 
non-Hodgkin's lymphoma, malignant lymphoma, endothe
lioma, malignant melanoma, basal cell carcinoma, squamous 
cell carcinoma, Kaposi's sarcoma, moles dysplastic nevi, 
lipoma, angioma, dermatofibroma, keloids, psoriasis, and 
neuroblastoma. The invention is applicable to other cancers 
discussed herein, including pre-cancers. 

[0030] Immune related diseases include systemic lupus 
erythematosis, rheumatoid arthritis, osteoarthritis, juvenile 
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chronic arthritis, spondyloarthropathies, systemic sclerosis, 
idiopathic inflammatory myopathies, Sjiigren's syndrome, 
systemic vasculitis, sarcoidosis, autoimmune hemolytic ane
mia, autoimmune thrombocytopenia, thyroiditis, diabetes 
mellitus, immune-mediated renal disease, demyelinating dis
eases of the central and peripheral nervous systems such as 
multiple sclerosis, idiopathic demyelinating polyneuropathy 
or Guillain-Barre syndrome, and chronic inflammatory 
demyelinating polyneuropathy, hepatobiliary diseases such 
as infectious, autoimmune chronic active hepatitis, primary 
biliary cirrhosis, granulomatous hepatitis, and sclerosing 
cholangitis, inflammatory bowel disease, gluten-sensitive 
enteropathy, and Whipple's disease, autoimmune or immune
mediated skin diseases including bullous skin diseases, 
erythema multiforme and contact dermatitis, psoriasis, aller
gic diseases such as asthma, allergic rhinitis, atopic dermati
tis, food hypersensitivity and urticaria, immunologic diseases 
of the lung such as eosinophilic pneumonias, idiopathic pul
monary fibrosis and hypersensitivity pneumonitis, transplan
tation associated diseases including graft rejection and graft
versus-host-disease. 
[0031] In addition to soluble receptors for TNF, a wide 
variety of inhibitors or antagonists of TNF are contemplated 
in this patent for reducing liver injury induced by various 
agents, including CD137. These TNF inhibitors include 
Infliximab (RemicadeA®), mouse-human chimeric anti
huTNF mAb; D2E7 (Humira™), fully human anti-huTNF 
mAb; Etanercept (Enbrel®), p75sTNF-RII-Fc (dimeric); 
PEG-p55sTNF-RI (monomeric); Lenercept, p55sTNF-RI
IgG1 (dimeric), CDP571 (CDR-grafted anti TNF ab) and 
CDP870/certolizumab (PEG-linked anti TNF Fab ). Other 
inhibitors of TNF include small molecules (e.g., those 
described by He et al., 2005 Science 310:1022-1025; Hara
guchi et al., AIDS Res Ther. 2006; 3: 8. Published online 2006 
Mar. 31. doi: 10.1186/1742-6405-3-8; Strachan et al., 2000 J. 
Immunol. 164: 6560-6565; and U.S. patent application Ser. 
No. 10/833,871 entitled "Preparation of hymenialdisine 
derivatives and use thereof." Other TNF inhibitory antibodies 
include those described in U.S. Pat. No. 7,160,542; U.S. 
patent application Ser. Nos. 10/043,436, and 11/180,219 
Inhibitors of TNF, inhibitors of TNF include soluble TNF 
receptor polypeptides or inhibitors of TNF receptors. Other 
inhibitors include competitive TNF antagonists, including 
those described in U.S. Pat. No. 5,795,967. Other inhibitors 
include nucleic acids such as siRNAs that are specific for 
inhibiting TNF expression. 
[0032] In addition to soluble receptors for LT, a wide vari
ety of inhibitors or antagonists of LT are contemplated in this 
patent for reducing liver injury induced by various agents, 
including CD137. Inhibitors of LT include soluble forms of 
the LT~R extracellular domain. This can be achieved, for 
example, by fusing the extracellular domain of LT~R to an 
immunoglobulin constant heavy chain domain or to a human 
IgG Fe domain. Other inhibitors include antibodies that bind 
to LT~R or LT. Competitive antagonists of LT and nucleic 
acids inhibitors such as siRNAs that are specific for inhibiting 
LT expression are also contemplated. 

Example 1 

LT~R-Deficient Mice are Resistant to Fas-Induced 
Liver Injury 

[0033] LT~R is credited with developing lymphoid tissues 
but its role in other tissues has not been fully explored. 
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LT~R's high expression in liver and LT~R-deficient mice 
exhibiting reduced survival after partial hepatectomy suggest 
an active role of LT~R in promotion ofhepatocyte prolifera
tion or prevention of hepatic apoptosis. A question explored 
was whether LT~R signaling influences the liver injury 
induced by various TNFSF members. First, to investigate 
whether Fas-induced hepatocyte injury is dependent upon the 
LT~R signaling, WT and LT~R-deficient mice were injected 
with anti-Fas agonistic antibody (FIG. lA-lG). This treat
ment induces severe hepatitis in wild type (WT) mice by 
directly targeting hepatocytes, leading to super-acute liver 
failure. 
[0034] Unexpectedly, almost all LT~R-1

- mice survived, 
whereas WT mice died within 12 h after treatment (FIG.1 A). 
Serum alanine aminotransferase (ALT) levels, as an indicator 
ofliver injury, were significantly reduced in LT~R mice at 3 
h after anti-Fas treatment (FIG. 1 B). Reduced liver injury in 
LT~R-1

- mice was not due to an intrinsic resistance of 
LT~R-1

- hepatocytes to Fas-mediated apoptosis because 
LT~R-1

- hepatocytes were sensitive to Fas-mediated apopto
sis in primary hepatocytes in vitro. 
[0035] To define which cells could influence Fas-induced 
hepatitis, liver lymphoid cells were analyzed by flow cytom
etry. Increased numbers of neutrophils were observed in WT 
mice injected with anti-Fas antibody (FIG. 1 C). However, 
neutrophil numbers were significantly reduced in LT~R-1

-

mice, which correlated with reduced myeloperoxidase 
(MPO) positive cells and liver injury compared to WT mice at 
2 h after anti-Fas antibody injection (FIGS. 1, C and D). The 
reduced recruitment of neutrophils to the liver of LT~R-1

-

mice after Fas stimulation was not attributable to defective 
neutrophil development since nave LT~R-1

- mice contained 
normal neutrophil numbers in the liver and spleen (FIG. 1 C). 
[0036] To define how LT~R controls neutrophil recruit
ment to the liver after Fas stimulation, expression of chemok
ines CXCL2, CXCLl, and CCL3 that control neutrophil 
recruitment to the liver was analyzed (FIG. lE, FIG. lF, FIG. 
1 G). CXCL2 and CXCLl are rapidly induced in the liver after 
Fas stimulation and significantly contribute to neutrophil
mediated inflammation in the liver. Reduced expression of 
CXCL2 (MIP-2) and CCL3 was found in the liver ofLT~R-1

-

mice, while expression ofCXCLl (KC) was not significantly 
different between WT and LT~R-1

- mice (FIG. 1 E). These 
results support that LT~R promotes pathogenic recruitment 
of neutrophils to the liver after Fas stimulation by controlling 
expression of neutrophil attracting chemokines. Fas and 
LT~R signaling are linked and likely coordinate since Fas 
activation cannot fully induce liver injury in the absence of 
LT~R signaling. 

Example 2 

Inhibition of LT~R Signaling Prevents Hepatitis in a 
Novel Fas-Independent Liver Injury Model 

[0037] To define whether LT~R signaling is also involved 
in regulation of Fas-independent liver injury agonistic anti
CD137 antibody, a strong T cell activator, was injected into 
Fas-1-mice. CD137 (4-lBB) is amemberoftheTNFR super
family and primarily expressed on activated T cells. In WT 
mice this agonistic antibody induces subacute hepatitis 
within 7 days after injection that abates by day 14 (FIGS. 2,A 
and B). This detailed analysis of intrahepatic lymphocytes in 
this severe hepatitis model parallels viral hepatitis in humans, 
in which there is heavy infiltration of CDS+ cells that secrete 
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large amounts ofIFN-y, TNF, and chemokines are observed 
(FIG. 2C, and FIGS. 3, A and 3C). 
[0038] CD137-induced hepatitis appears to be rich in 
CDS+ T cells, which represented the largest cell population in 
the liver of treated mice, whereas CD4+ T cells showed a 
lesser increase (FIG. 2 C). However, unlike in ConA-induced 
hepatitis model (3), CD4 cells do not appear to play an essen
tial role, since Fas-1-cD4-1

- double deficient mice were sus
ceptible to CD137-induced liver injury (FIG. 2 D and FIG. 
3E). In contrast, Fas-1-cDs-1

- mice were essentially resistant 
to CD137-induced liver injury (FIG. 2E and FIG. 3F). Thus, 
activation ofT cells by the CD137 costimulation pathway in 
Fas-deficient mice results in development of a subacute CDS
dependent hepatitis in mice. 
[0039] To test if inhibition ofLT~R signaling could prevent 
hepatitis in the CD137-induced hepatitis and thus uncover a 
potential treatment, the effect of soluble LT~R fusion protein 
(LT~R-Ig) was tested. LT~R-Ig given immediately before 
and again two days after anti-CD 13 7 administration resulted 
in markedly attenuated hepatitis with reduced serum alanine 
ALT levels and minimal histological evidence of liver injury 
in Fas_;_ recipient mice (FIG. 2, F-G). LT~R-Ig treatment 
also reduced the number of infiltrating lymphocytes in the 
liver compared to control rat-IgG treated mice (FIG. 3G) 
Inhibition of LT~R signaling by injection of LT~R-Ig pre
vents the development of CDS-dependent, Fas-independent 
liver injury in CD137 stimulated mice. 
[0040] To test whether TNF is also involved in such T cell 
mediated hepatitis, the mice were treated with anti-CD 13 7 as 
before, but 100 ug ofTNFR-Ig and LT~R-Ig (FIG. 4A) was 
added. Interestingly, both TNFR-Ig and LT~R-Ig can greatly 
reduce ALT, supporting that TNF and LT are involved in liver 
injury. To test the role of LIGHT, another ligand for LT~R, 
HVEM-Ig that binds to LIGHT was used, but the blocking 
effect is limited (FIG. 4B). Therefore, it is likely that both LT 
and TNF are required, but not LIGHT. 

Example 3 

LT~R Signaling by Membrane LT Complex is 
Essential for ConA-Induced Liver Injury 

[0041] To determine whether LT~R signaling is required 
for liver injury induced by ConA, a strong and broader T cell 
activator that utilizes distinct ligands and cytokines that may 
each directly and indirectly cause liver injury, WT, LT~-1

-, 

LT~R-1
-, and TNFR-1

- mice were injected with a sublethal 
dose ofConA (FIGS. 5 and 5B). 
[0042] Quantitative serum ALT at 24 hours after ConA 
injection indicated significantly less hepatocyte injury in 
LT~-1

-, and LT~R-1
- mice compared to WT mice (FIG. SA). 

Examination of liver tissue harvested 24 hours after ConA 
administration revealed WT mice with geographic coagula
tive hepatocellular necrosis not seen in LT~-/- and LT~R-1

-

mice (FIG. 5B). Residual liver injury present in LT~-/- com
pared to LT~R-1

- mice (FIG. SA-B) suggests that LIGHT 
signaling, the only other known ligand for LT~R, may addi
tionally contribute to liver injury. This data demonstrates a 
distinct role of LT specifically in the pathogenesis of hepatitis 
that is not redundant. Using a genetic knockout system, the 
inventor found that LT~-/- mice, lacking surface LT, were 
protected from ConA-induced liver injury even though unal
tered LIGHT signaling persists (FIG. SA-5B). Thus, this data 
demonstrates that LT~R deficiency confers resistance to 
ConA-induced liver damage and that signaling by the LT a 1 ~ 2 
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through LT~R is necessary for developing ConA-induced 
liver injury. Therefore, blockade of LT or TNF by soluble 
receptors, or other inhibitors of LT or TNF expression or 
activity, will have broad impact on controlling liver injuries 
by various causes. 

Example 4 

Inhibition of LT and LT~R Signaling Protects Mice 
from ConA-Induced Liver Injury 

[0043] To determine whether inhibition ofLT~R signaling 
could potentially protect mice from a broader form of liver 
injury induced by ConA, WT mice were pretreated i.v. with 
200 µg of control human IgG or soluble LT~R fusion protein 
(LT~R-Ig), which blocks LT~R signaling, 2 hours prior to 
ConA injection (FIG. 6A-6D). Control human IgG i.v. 2 
hours prior to ConA treatment in WT mice resulted in the 
expected marked ALT elevations at 8 and 24 hours post
injection, whereas LT~R-Ig resulted in substantially reduced 
ALT levels (FIG. 6B). The LT~R-Ig treatment markedly lim
ited hepatocellular injury (FIG. 6A-6B). To determine the 
influence on liver apoptosis, livers were harvested at 8 hours 
post ConA administration and histological sections were 
assessed for TUNEL positive hepatocyte nuclei. WT mice 
treated with LT~R-Ig had significantly fewer TUNEL posi
tive nuclei (FIG. 6C). These data indicate that a pharmaco
logic blockade of LT~R reduces ConA-induced hepatocyte 
injury, raising the possibility of treating broader forms ofliver 
insults. 
[0044] Since LT~R-Ig blocks signaling through the LT~R 
from both LIGHT and the membrane LT complex LTal ~2, 
the next test was whether specific inhibition of membrane LT 
reduces ConA-induced hepatocyte injury (FIG. 6D). Anti
LT~ antagonistic antibody given to WT mice 2 h prior to 
ConA administration reduced liver injury relative to treat
ment with a control hamster antibody (FIG. 6D). Together 
these data show that inhibition of LT~R signaling through 
LT al ~2 prevents ConA-induced liver injury and illuminate a 
new direction for treatment of hepatitis through blockade of 
LT or TNF by soluble receptors, or other inhibitors of LT or 
TNF expression or activity. 

Example 5 

LT Expression is Increased in Livers of Hepatitis C 
Patients 

[0045] The LT~R pathway indeed plays a central and inte
gral role in mediating the injury induced by different TNFSF 
members. This insight prompted the investigation of LT in T 
cell-mediated hepatitis, wherein multiple TNFSF pathways 
appear to coordinate the attack. Chronic hepatitis C (HCV) 
viral infection induces T cell-mediated hepatitis, a chronic 
inflammation associated with an increased production of 
inflammatory cytokines leading to liver injury (Guidotti and 
Chisari, 2006; Mengshol et al., 2007). Studies in mice dem
onstrated that ectopic LT overexpression promotes similar 
chronic inflammation (Drayton et al., 2006). However, 
whether LT has a significant role in HCV mediated liver 
injury remains largely unknown. 
[0046] To determine the role of LT in the pathogenesis of 
BCV-induced hepatitis, the inventor measured LTa mRNA 
expression by real-time RT-PCR in liver tissue from human 
patients chronically infected with hepatitis C virus (FIG. 7). 
Livers with chronic HCV infection showed significantly 

6 
Sep. 1, 2016 

increased levels of LT a mRNA expression when compared to 
uninfected controls (FIG. 7). These data suggest that LT may 
be involved in the pathogenesis ofhuman HCV induced hepa
titis and that blockade of LT by soluble receptors, or other 
inhibitors of LT expression or activity, will have broad impact 
on controlling HCV induced hepatitis. 

Materials and Methods 

[0047] Human samples. Liver tissue samples were col
lected from chronically infected HCV patients at the time of 
liver transplantation according to approved procedures at 
Johns Hopkins School of Medicine. Active chronic hepatitis 
was confirmed by hematoxylin and eosin staining and AST 
levels (>50 U/1). All patients were diagnosed chronic hepa
titis C virologically and serologically. All healthy donors 
were negative for HCV, hepatitis B virus (HBV), and human 
immunodeficiency virus (HIV). 
[0048] Mice. C57BL/6 male mice 8-10 weeks of age and 
Fas_;_ mice were purchased from The Jackson Laboratory 
(Jackson Labs Bar harbor, ME). Fas_;_ mice were crossed 
with CD4-1

- and CDs-1
- mice to generate Fas-1-cD4-1

- and 
Fas-1-cDs-1

- double deficient mice, respectively. LT~R-1
-

mice were kindly provided by K. Pfeffer (Technical Univer
sity of Munich, Germany) Lek-LIGHT transgenic mice 
(LIGHT-Tg), LT~-/- mice were genotyped as described 
(Wang et al., 2001; Tumanov et al., 2002). All 8-10 weeks 
aged male mice were on C57BL/6 background and were 
housed under specific pathogenfree conditions at the Univer
sity of Chicago. Animal care and use were in accordance with 
institutional and NIH protocols and guidelines, and all studies 
were approved by the Animal Care and Use Committee of the 
University of Chicago. 
[0049] ConA and antibody treatments. ConA (Vector labo
ratories) was administered i.v. to the mice at the indicated 
doses. Sera were collected at the indicated times for measure
ment of cytokines and liver enzymes. Inhibitors of LT and 
LT~R signaling: anti-LT~ blocking antibody (BBF6, 100 µg) 
or soluble LT~R fused to human Fe portionoflgG (LT~R-Ig, 
100 µg) were injected i.v. 2 hours prior to ConAinjection. The 
LT~R-Ig used in this study has been previously described. 
Briefly, cDNA encoding the extracellular domain of murine 
LT~R was fused with the Fe portion of human IgG, trans
fected into BHK/VPl 6 cell, and the supernatant collected. 
[0050] Induction of hepatitis in Fas_;_ mice by administra
tion of anti-CD137. Fas_;_ mice were treated with 200 µg 
agonistic anti-CD137 (2A, rat IgG2a) by i.p. injection. The 
generation of 2A has been described previously (Wu et al., 
1999) and ascites were produced in SCID mice and purified 
by passage over a protein G-coupled SEPHAROSE® col
unm. Rat IgG was purchased from Sigma-Aldrich and served 
as a control. 
[0051] RT-PCR analysis. Total RNA was extracted by 
RNEASY® mini kit from Qiagen. For cDNA synthesis, 
RNAs were digested with DNase I and reverse transcribed 
using random primers with AMY Reverse Transcriptase 
(Promega) (AMY-RT®). The concentration of the target gene 
was determined using the comparative Cr (threshold cycle 
number at a cross-point between amplification plot and 
threshold) method and normalized to GAPDH or HPRT. 
cDNA were amplified using TAQMAN® PCR MASTER 
MIX (Applied Biosystems) and run onABI 7900 cycler (Ap
plied Biosystems). PCR primers and probes used: for human 
LTa: forward 5'-TGGTGTTGGCCTCACACCT (SEQ ID 
NO: 1), reverse 5'-CCAGGAGAGAATTGTTGCTC (SEQ 
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ID NO: 2), probe 5'-FAM-CCACAGCACCCTCAAAC
CTGC-TAMRA (SEQ ID NO: 3); for human GAPDH, for
ward 5'-GAAGGTGAAGGTCGGAGT (SEQ ID NO: 4), 
reverse 5'-GAAGATGGTGATGGGATTT (SEQ ID NO: 5), 
probe 5'-CAAGCTTCCCGTTCTCAGC (SEQ ID NO: 6); 
for murine MIP-2 (CXCL2): sense 5'-CCACCAACCAC
CAGGCTACAGGGGC (SEQ ID NO: 7), antisense 5'-AG
GCTCCTCCTTTCCAGGTCAGTTAGC (SEQ ID NO: 8); 
for murine HPRT: forward: 5'-CAGAGGACTAGAACAC
CTGC (SEQ ID NO: 9), reverse: 5'-GCTGGTGAAAAG
GACCTCT (SEQ ID NO: 10); for murine KC (CXCLl): 
forward 5'-CCACCCGCTCGCTTCTC (SEQ ID NO: 11), 
reverse 5'-CACTGACAGCGC AGCTCATT (SEQ ID NO: 
12); for murine MIP-la(CCL3): forward 5'-CCTTGCTGT
TCTTCTCTGTACCATG (SEQ ID NO: 13), reverse 
5'-GCAATCAGTTCCAGGTGAGTGATG (SEQ ID NO: 
14). 
[0052] Histology and TUNEL labeling. Tissues were fixed 
in 10% buffered formalin and processed either for routine 
hemotoxylin and eosin staining or TUNEL and immunohis
tochemical studies. Hematoxylin and eosin staining on sec
tions of embedded tissues was performed according to stan
dard procedure in the University of Chicago Pathology 
Histology Laboratory. TUNEL staining was performed on 
paraffin-embedded, formalin-fixed tissue using the APO
PTAG® PLUS PEROXIDASE IN SITU APOPTOSIS 
DETECTION KIT ( Chemicon International) according to the 
manufacturer's directions. Anti-Gr-I (RB6-8C5 clone) (BD 
Biosciences) and anti-Myeloperoxidase (MPO) (NeoMark
ers) antibody staining was performed on paraffin-embedded, 
formalin-fixed tissue. 
[0053] Transaminase activity and cytokines analyses. 
Blood was collected by retro-orbital puncture, following 
IACUC approved procedures. Plasma alanine aminotrans
ferase (ALT) and aspartate aminotransferase (AST) activities 
were determined using a REFLOTRON® PLUS CHEMIS
TRY ANALYZER according to the manufacturer's proce
dure (Roche Diagnostics Corp.). Concentrations of cytokines 
in sera were determined by Cytokine Bead Assay (BD Bio
sciences) following the manufacturer's recommendations. 
[0054] Flow cytometry analysis. Intrahepatic leukocytes 
were purified from the liver by pressing the liver through a 
steel sieve (Sigma, 190 µm) into PBS, centrifuged at 800 g for 
5 min with the resulting pellet suspended in a 35% PER
COLL®-PBS-heparin (100 U/ml) solution and centrifuged at 
800 g for 20 min at room temperature. The pellet of mono
nuclear cells was cleared ofRBC with a 5-min osmotic lysis 
(0.15 MNH4 Cl, 1 mM KHCO3 , 0.1 mMNa2 EDTA, pH 7.3) 
and washed twice in PBS. Lymphocytes were stained with 
antibodies (BD Biosciences) and analyzed by flow cytometry 
(FACSCanto, BD Biosciences). 
[0055] Statistical analysis. Data are expressed as 
means±SD. Statistical significance was determined by a two
tailed Student's t-test (*P<0.05, **P<0.01, ***P<0.001), 
NS-not significant (P>0.05). 
[0056] Abbreviations used: LT, lymphotoxin; LIGHT, 
T-cell-restricted ligand, homologous to lymphotoxin, exhib
its inducible expression, competes with herpesvirus glyco
protein D for herpesvirus entry mediator on T-cells (TN
FSF14); ALT, alanine aminotransferase 
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<223> OTHER INFORMATION, Description of Artificial Sequence, Synthetic 
primer 

<400> SEQUENCE, 1 

tggtgttggc ctcacacct 

<210> SEQ ID NO 2 
<211> LENGTH, 20 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence, Synthetic 

primer 

<400> SEQUENCE, 2 

ccaggagaga attgttgctc 

<210> SEQ ID NO 3 
<211> LENGTH, 21 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence, Synthetic 

probe 

<400> SEQUENCE, 3 

19 

20 
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-continued 

ccacagcacc ctcaaacctg C 21 

<210> SEQ ID NO 4 
<211> LENGTH, 18 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence: Synthetic 

primer 

<400> SEQUENCE, 4 

gaaggtgaag gtcggagt 18 

<210> SEQ ID NO 5 
<211> LENGTH, 19 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence: Synthetic 

primer 

<400> SEQUENCE, 5 

gaagatggtg atgggattt 19 

<210> SEQ ID NO 6 

<211> LENGTH, 19 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence: Synthetic 

probe 

<400> SEQUENCE, 6 

caagcttccc gttctcagc 19 

<210> SEQ ID NO 7 
<211> LENGTH, 25 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence: Synthetic 

primer 

<400> SEQUENCE, 7 

ccaccaacca ccaggctaca ggggc 25 

<210> SEQ ID NO 8 
<211> LENGTH, 27 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence: Synthetic 

primer 

<400> SEQUENCE, 8 

aggctcctcc tttccaggtc agttagc 27 

<210> SEQ ID NO 9 
<211> LENGTH, 20 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence: Synthetic 

primer 



US 2016/0250327 Al 

<400> SEQUENCE, 9 

cagaggacta gaacacctgc 

<210> SEQ ID NO 10 
<211> LENGTH, 19 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 

11 

-continued 

<223> OTHER INFORMATION, Description of Artificial Sequence, Synthetic 
primer 

<400> SEQUENCE, 10 

gctggtgaaa aggacctct 

<210> SEQ ID NO 11 
<211> LENGTH, 17 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence, Synthetic 

primer 

<400> SEQUENCE, 11 

ccacccgctc gcttctc 

<210> SEQ ID NO 12 
<211> LENGTH, 20 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence, Synthetic 

primer 

<400> SEQUENCE, 12 

cactgacagc gcagctcatt 

<210> SEQ ID NO 13 
<211> LENGTH, 25 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence, Synthetic 

primer 

<400> SEQUENCE, 13 

ccttgctgtt cttctctgta ccatg 

<210> SEQ ID NO 14 
<211> LENGTH, 24 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence, Synthetic 

primer 

<400> SEQUENCE, 14 

gcaatcagtt ccaggtgagt gatg 
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1. A method to reduce liver damage in a mammal, the 
method comprising administering to the mammal an agent 
that interferes with the LT or TNF pathways. 

2. The method of claim 1 wherein the liver damage is 
associated with treatment of the mammal by an antibody 
selected from the group consisting of anti-CD137, anti
CTLA-4, anti-GITR, anti-B7-Hl, anti-PD-I, anti-B7-H3 and 
anti-B7x. 

3. A composition comprising an agent that interferes with 
a component of the LT pathway and a therapeutic agent 
directed at a disease or condition. 

4. The composition of claim 3, wherein the component of 
the LT pathway is lymphotoxin (LT). 

5. The composition of claim 4 wherein the agent that inter
feres with a component of the LT pathway interferes with 
LT~R signaling. 

6. The composition of claim 3 wherein the agent that inter
feres with a component of the LT pathway comprises a 
soluble form of the LT~R or its equivalent. 

7. The composition of claim 3 wherein the agent that inter
feres with a component of the LT pathway comprises the 
extracellular domain of LT~R fused to a human IgG Fe 
domain. 

8. The composition of claim 3 wherein the agent that inter
feres with a component of the LT pathway is an antagonistic 
antibody against LT~R or LT. 

9. The composition of claim 3 wherein the disease is 
selected from the group consisting of an autoimmune disease, 
viral hepatitis and cancer. 

10. A composition comprising an agent that interferes with 
a component of the TNF pathway and a therapeutic agent 
directed at a disease or condition. 
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11. The composition of claim 10 wherein the component of 
the TNF pathway is TNF. 

12. The composition of claim 10 wherein the agent that 
interferes with a component of the TNF pathway comprises a 
soluble form of a TNFR or its equivalent. 

13. The composition of claim 10 wherein the agent that 
interferes with a component of the TNF pathway is selected 
from the group consisting oflnfliximab, mouse-human chi
meric anti-huTNF mAb, D2E7, fully human anti-huTNF 
mAb, p75sTNF-RII-Fc, PEG-p55sTNF-RI, p55sTNF-RI
IgG1, CDP571, PEG-linked anti TNF Fab, competitive TNF 
antagonists, and TNF siRNAs. 

14. The composition of claim 10 wherein the disease is 
selected from the group consisting of an autoimmune disease, 
viral hepatitis and cancer. 

15. The composition of claim 10 wherein the therapeutic 
agent is an antibody that targets coinhibitory or co stimulatory 
T cell receptors. 

16. A pharmaceutical composition to alleviate hepatic 
injury induced by therapies, the composition comprising an 
agonistic CD137 antibody and an anti-TNF or anti-LT 
therapy. 

17. The pharmaceutical composition of claim 21 wherein 
the agonistic CD137 antibody is BMS-663513. 

18. The method of claim 1 where the mammal is a human. 

19. The method of claim 1 wherein the agent is selected 
from the group consisting of an antibody and a soluble recep
tor. 

* * * * * 


