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Abstract
Previous studies on both human and mice livers showed MDB formation in both drug hepatitis
and hepatocellular carcinoma. Using the drug hepatitis mouse model of MDB formation,
numerous markers for progenitor cells were found in the cells forming MDBs. In current study,
using the drug hepatitis mouse model, we found that the MDB forming cells expressed two
additional progenitor cell markers. These markers were CD49f and TLR4.
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Introduction
Previous studies on both human (Nakanuma and Ohta, 1985) and mice (Tazawa et al., 1983)
showed formed MDBs in hepatocellular carcinoma (HCC). Drug fed mice showed that liver
cells over expressing gamma-glutamyl transferase (a marker for preneoplastic change in
mice hepatocytes), formed Mallory–Denk bodies (MDBs) in both the cirrhotic liver and the
associated hepatocellular carcinomas that developed (Tazawa et al., 1983). More recently,
when mice were fed the carcinogen DDC (1,4-dihydro-2,4,6-trimethyl-3,5-pyridine
carboxylate) for 10 weeks, withdrawn from it for 1 month and then refed DDC for 6 days,
the liver cells that were forming MDBs showed a growth advantage compared to intervening
normal hepatocytes (Nan et al., 2006a, Nan et al., 2006b and Oliva et al., 2008) indicating
that they had developed progenitor characteristics.

The microarrays of the mouse livers forming MDBs showed upregulation of indicators of
preneoplasia i.e. KLP6, alpha fetal protein and UBD (FAT 10) confirmed by PCR (Oliva et
al., 2008). Other markers expressed in drug-primed mice forming MDBs were markers for
cell proliferation. These markers were c-myc, c-jun and AP-1 (Nagao et al., 1998). Other
markers of preneoplasia expressed by drug-primed mice livers forming MDBs include A2
macroglobulin, GSTmu2, fatty acid synthetase, glypican-3, p38 and AKT (Nagao et al.,
1999, Nan et al., 2006a, Nan et al., 2006b and Roomi et al., 2006).
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Stem cells and markers for progenitor cells are present in the livers in which MDBs are
formed in both the DDC mouse model and human alcoholic liver disease. Humans with
alcoholic liver disease and who have developed acute degeneration of liver function
(alcoholic hepatitis) show balloon degeneration of hepatocytes with MDB formation (French
et al., 1993 and Mookerjee et al., 2011). This change is associated with progenitor cell
change identified by stem cell marker formation in drug-primed, HCV transgenic mice fed
ethanol and in human patients who have alcoholic hepatitis with or without cirrhosis and
hepatocellular carcinoma. The preneoplastic change markers identified are as follows: 1)
AFP (Nan et al., 2006a and Nan et al., 2006b), 2) EZH2, (French et al., 2012a), 3) SOX2
and p27 (French et al., 2012b), and 4) FAT10 (French, 2010 and Oliva et al., 2008).

Recently Machida et al. (2012) reported that the stem cell marker CD49f was expressed in
cells isolated by FACS from HCCs that developed in HCV core tg mice fed alcohol and
diethylnitrosamine. CD47f was also expressed in alcoholic patients with or without HCV.
CD49f enhances multipotency and maintains stemness through direct regulation of Oct 4
and SOX2 (Yu et al., 2012). In the present report we show that balloon cells forming MDBs
in the liver biopsies from patients with alcoholic hepatitis stain positive for CD49f
supporting the concept that cells forming MDBs are progenitor cells.

TLR-4 is a universal oncogene responsible for the genesis of TLR4-NANOG dependent
tumor-initiating stem-like cells (TISC) (Machida et al., 2012). TLR4 silencing with shRNA
attenuates the CD133/CD49f ability to induce liver tumors in vitro or in a xenograft model
(Machida et al., 2012). The TLR4 induction pathway is activated by alcoholic liver disease
(ALD) and NASH. ALD and NASH are important etiologies in the development of
hepatocellular carcinoma. TLR4 expression is upregulated in the livers of rats fed alcohol
intragastrically (Oliva et al., 2011). Mice fed DDC (Bardag-Gorce et al., 2010) also over
express TLR4 and develop hepatocellular carcinoma (French et al., 2010a, French et al.,
2010b and French et al., 2011). TLR4 or TLR2 KO mice fed DDC still formed MDBs
(French et al., 2011). Only FAT10 KO mice fed DDC failed to develop MDBs. This
indicated that the presence of FAT10 but not TLR4 or TLR2 was essential in the formation
of MDBs (French et al., 2012c). However, the TLR4 signaling pathway is also involved in
MDB pathogenesis (French et al., 2011). For this reason we report that balloon cells forming
MDBs in alcoholic hepatitis, express TLR4.

Methods
Liver biopsies from patients diagnosed with alcoholic hepatitis, with or without cirrhosis
were selected from archived files based on the presence of balloon cell degeneration with or
without MDB formation. The balloon cells were identified by CAM5.2 and ubiquitin
immunohistochemistry. To stain for the presence of CD49f expressed by the liver cell, 7
biopsies and 1 autopsy were used. Two cases with normal histology served as controls. To
stain for the presence of TLR4 expression in the liver, 10 biopsies and 1 autopsy were used.
Two cases of normal liver with normal histology served as controls.

Immunohistochemistry (IHC)
Double IHC stains were done on the liver biopsies. The primary antibodies used were: 1)
Mouse anti-ubiquitin (Millipore, Temecula, CA), 2) rabbit anti-TLR4 (Lifespan Biosciences
Inc. Seattle, WA), and 3) rabbit anti-CD49f (Abcam, Cambridge, MA). The secondary
antibodies used were: 1) Donkey anti-mouse Alexa Fluor 594 (Jackson Immuno Research
Labs. Inc. West Grove, PA.), used to detect ubiquitin and 2) donkey anti-rabbit Alexa Fluor
488 (Jackson Immuno Research Labs. Inc. West Grove, PA.), used to detect TLR4 and
CD49f. The nuclei were stained with Dapi (Invitrogen, Eugene, OR). The
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immunofluorescent stain results were photographed using 3 filters (FITC, Texas Red and
tricolor) using a Nikon fluorescent microscope.

Results
The antibody for CD49f clearly stained the cytoplasm of balloon cells, which had formed
MDBs (Figs. 1(A, B, C)). The MDBS stained positive with the antibody to ubiquitin
(arrows). The intervening normal hepatocytes stained slightly positive. Macrophage
secondary lysosomes also stained positive. In contrast, the stain for CD49f was weak in
control livers as was indicated by negative staining when the tricolor filter was used (Fig.
1F).

The antibody stain for TLR4 was positive in both MDB forming balloon cells and
intervening hepatocytes (Figs. 2(A, B, C)). In control livers the hepatocytes also stained
positive (Fig. 2D but not F) indicating that the normal hepatocytes stained weaker than the
normal liver cells in livers with alcoholic hepatocytes. The normal liver cells formed
ubiquitin positive secondary lysosomes focally (Fig. 2F).

Discussion
Balloon cells forming MDBs are sometimes regarded as liver cells undergoing degenerative
change leading to an early demise (Zatloukal et al., 2007). But the expression of CD49f,
SOX2 and p27 would suggest that balloon cells are changed hepatocytes which express
progenitor cells potentially destined to form HCCs. CD49f (integrin subunit alpha 6)
regulates signaling pathways in a variety of cellular activities (Yu et al., 2012). CD49f is
upregulated in human embryonic stem cells. Knock down of CD49f downregulates P13K/
AKT signaling and upregulates p53, inducing differentiation of the 3 germ layers (Yu et al.,
2012). CD133 +/CD49f cells isolated from animal models and patients are tumorigenic both
in vitro and in a xenograph model (Machida et al., 2012). Induction of MDB formation
using liver cells derived from the mouse DDC feeding model, upregulated integrin alpha 6
in the MDB forming cells. MDB formation required integrin alpha 6 induction in vitro (Wu
et al., 2005). Laminin–integrin signaling activated ERK, which triggered MDB formation in
this model in vitro (Wu et al., 2005).

The role of TLR4 in transformation of progenitor cells (tumor-initiating stem-like cells,
TISC) to form tumors in the mouse model where alcohol and diethylnitrosamine were fed to
HCV core Tg mice, showed that either TLR4 or NANOG silencing with shRNA attenuated
the CD133/CD49f induced tumor initiation. This led to the conclusion that TLR4 is a
universal proto-oncogene responsible for the genesis of the TLR4-NANOG dependent
TISC, which leads to the development of HCC (Machida et al., 2012).

In conclusion, TLR4 and CD49f expression by balloon cells forming MDBs in alcoholic
hepatitis provides a mechanism for the initiation of HCC development in patients who suffer
from ALD.
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Highlights

• Balloon cells making MDBs express many genes expressed in progenitor cells.

• CD49f up regulated in embryonic stem cells is expressed by balloon cells
forming MDBs.

• TLR4 is expressed by TISC cells expressed in balloon cells forming MDBs.
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Figure 1.
Double IHC stains of balloon cells forming MDB green (white arrows) macrophages and
pale staining hepatocytes (A, B, C). A. 49f stained balloon cells. B. Ubiquitin stained MDBs
red. C. Tricolor filter stained red, green and blue × 780. Normal liver biopsy stained for 49f
(green), D, ubiquitin (red), E, and tricolor, F, × 260.
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Figure 2.
Double IHC stains of balloon cells forming MDBs (A, B, C). A. TLR4 stained balloon cells
green, forming MDBs (arrows), B. ubiquitin stained MDBS red (white arrows), C. tricolor
filter (alcoholic hepatitis) × 520. Normal liver biopsy (D, E, F) showing hepatocytes staining
green for TLR4, (D), ubiquitin antibody showing lysosomes staining red (arrow), (E), and
tricolor showing lysosomes stained red (arrow), (F), × 520.
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