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G&H What causes liver fibrosis?

DB Liver fibrosis is the final result of most types of
chronic liver injury. Most habits and events that injure
the liver will lead to a fibrotic liver. The main causes of
liver fibrosis in the United States are hepatitis C virus
(HCV), which I would say is the liver disease of the
20th century in the United States, and nonalcoholic
fatty liver disease and nonalcoholic steatohepatitis,
which I would say are the liver diseases of the 21st
century. Besides these conditions, other causes of liver
fibrosis include hepatitis B virus infection, various
autoimmune diseases such as primary biliary cirrhosis
and primary sclerosis, cholangitis, and liver injury
caused by alcohol abuse (alcohol-induced hepatitis,
liver fibrosis, and cirrhosis). In each case, the liver is
injured in some way, the injury leads to inflammation,
and the inflammation leads to fibrosis.

G&H s fibrosis a process whereby scarring
occurs as the immune system tries to right
the wrong done to it?

DB That is the teleologic way of thinking about the pro-
cess. The same mediators that cause inflammation are also
causing fibrosis in the way that the same inflammatory
macrophage that is recruited to the injured liver releases
tumor necrosis factor O but also releases transforming
growth factor beta (TGF-f3), which is the major fibro-

genic cytokine in the liver.
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G&H Is complete regression of liver injury
achievable?

DB There is clear evidence, based on findings from
repeat biopsy, that mild to moderate fibrosis is revers-
ible. For example, livers of patients who are successfully
treated for HCV infection and test HCV RNA-nega-
tive will, upon repeat biopsy, show no evidence of the
fibrosis seen in the index biopsy. However, although
fibrosis regresses, it is not fully reversible in patients with
cirrhosis. The question is, what is the point of no return
that stymies reversal of fibrosis? The cause might be
structural. Extensive crosslinks develop in collagen, the
fibrotic bands consisting mainly of fibrillar collagen, as
the collagen bands mature. Some of these crosslinks are
irreversible so that the normal collagenases that the body
makes cannot then degrade the collagen; the collagenases
cannot break up these crosslinks. The point of no return
may be when extensive crosslinking has occurred. At this
time, the fibroscar is very stable, and the body has no way
to remove the causes of the effect.

When this scenario ultimately results in the need for
liver transplantation, it is not so much because of the fibrosis
but because of the sequelae of fibrosis. Fibrosis may cause
portal hypertension, leading to variceal bleeding, ascites,
and portal systemic encephalopathy. With liver failure come
coagulopathy and failure of the liver to clear toxins from the
body. Fibrosis itself is not the threatening condition per se
because a person can have some fibrosis and be just fine,
but when the fibrosis progresses to the point of causing liver
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decompensation, or if, over time, enough inflammation and
fibrosis occur, then hepatocellular carcinoma (HCC) results.
It is very rare that HCC develops in the normal liver; it is
almost exclusively seen in the setting of fibrosis.

G&H How is the quality or extent of liver
fibrosis measured?

DB The gold standard is liver biopsy. A biopsy is per-
formed, and a decision is then made about whether or not
to treat the liver injury with pharmacotherapy. Then, a
repeat biopsy is done. Although this procedure is consid-
ered the “gold standard,” it is imprecise because, if differ-
ent parts of the liver are sampled, different results might
be obtained. The liver might be exactly the same between
biopsy evaluations, but the particular part sampled in
1 biopsy might have more fibrotic tissue and the part
sampled in another might have less. Another challenge
regarding liver biopsy is that the sample must be long
enough to capture enough portal tracts to make a proper
analysis. In addition, liver biopsies involve high cost and
also some risk—although a very small risk—of mortality.

Given these caveats, clinicians say, “There must be
better ways to do this.” Researchers have been looking
at both imaging and serum biomarkers for insights into
evaluating the presence of liver fibrosis and whether
fibrosis, when present, is reversing. No modality has yet
replaced liver biopsy, but there are resources—everything
from a FibroScan (Echosens/Sandhill Scientific), which
is a method of measuring the elasticity of the liver (the
more fibrotic, the more rigid the liver is) to looking in
the serum for markers of the collagens or other fibrotic
particles. Data show that these modalities work well, but
they have not been so robust that clinicians have stopped
performing biopsies and replaced their criteria for success.

G&H What are the measurable signs of liver
fibrosis?

DB The biopsy is analyzed by several different specialized
stains. The 2 that are most useful for detection of fibrosis are
the Sirius red stain, which only stains the collagen, and the
Masson trichrome stain, which stains the cells 1 color and
the collagen—that is, the fibroscar—Dblue. Some patholo-
gists prefer 1 stain to the other. The Sirius red stain is easy
to quantitate using a scanner, so it is sometimes preferred.

G&H Are there therapeutic strategies or agents
that encourage regression of liver fibrosis?

DB Yes, but none are approved. Very many drugs are under-
going trials now, and results from several drugs are showing
mixed or not enough success to make them standards of

care. Recently, however, a series of observations of molecules
that seem to be linked to fibrosis have been disseminated.
Researchers have had concerns that if an agent that is basi-
cally responsible for collagen production is used, it will affect
normal collagen, such as the collagen in tendons and liga-
ments. If this were so, the outcome would be terrible because
a person would dissolve into jelly. To avoid this, researchers
try to identify pathologic pathways that are not normally
present. For example, there is a crosslink of collagen that
requires the hydroxylation of lysine. There are many different
types of enzymes that are lysyl oxidases, but lysyl oxidase-like
2 (LOXL2) is only found in fibrotic organs, not normal mus-
cles, tendons, and bone. Therefore, researchers say, “Maybe
if we target LOXL2, the agent used will not affect normal
physiology and just affect the pathophysiology.”

LOXL2 inhibitors are currently under study in clini-
cal trials. Another promising therapy is inhibition of the
enzyme nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase, which is responsible for generat-
ing reactive oxygen species, but some of the varieties of
NADPH oxidase are only found in injured tissues, not in
normal tissues. These include NOXI, which is induced in
liver injuries, and NOX4, for which there is now a small
inhibitor that is in clinical trials.

G&H What have your studies on
myofibroblasts found?

DB Other organs undergoing fibrosis contain myofibro-
blasts, but these cells are not normally seen in the liver.
Mpyofibroblasts respond to injury before development of
the fibroscar and come from cells that are nonfibrotic.
For example, fibroblasts can become myofibroblasts or, in
the liver, hepatic stellate cells can become myofibroblasts.
Therefore, normal cells can be activated to become myofi-
broblasts. They start making large amounts of extracellular
matrix proteins, resulting in the formation of a fibroscar.
One area of study that my research team and others have
an interest in is how removing the fibrotic stimulus allows
the liver to revert toward normalcy. When the liver is
examined again, myofibroblasts are gone. The question is,
what happened to them? My colleagues and I showed that
they can undergo 2 possible outcomes. One is that they can
die through apoptosis or senescence. The other is that they
are actually able to revert to an inactivated phenotype that
looks like the original quiescent cell, although gene profil-
ing and other techniques will show that they are actually
different. Our findings lead us to believe that there are 4
types of hepatic stellate cells: the original quiescent hepatic
stellate cell found in a normal liver; the activated hepatic
stellate cell, which is called a myofibroblast; the inactivated
myofibroblast, which is similar to the quiescent cell but
has a different gene expression; and the senescent stellate
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cell, which is dying and no longer replicating but releases
novel cytokines that the other stellate cells do not. The new
observation discovered last year was that the myofibroblast
does not have to die to reverse the fibrosis. The quiescent
phenotype can be targeted.

G&H What modalities in development seem
most promising for the treatment of liver fibrosis?

DB One modality, as mentioned, would be the LOXL2
inhibitor. Another modality would be NOX inhibitors.
A third modality being tested are inhibitors of lysophos-
phatidic acid, which is released in the injured lung and
liver and seems to activate the resident cells to become
myofibroblasts. There are also inhibitors of TGF-f. Sys-
temic inhibition would result in immunogenicity and
carcinogenicity. If the local areas of excessive TGF-B or
the integrands they are interacting with can be identified,
there might be a way to locally block TGF-3, and there
are specific molecules that block the interactions between
TGF- and the integrands that activate them that might be
more selective. The general theme is to identify pathologic
pathways that stimulate fibrosis but are not required for a
normal physiology.

G&H Do some persons have a greater ability to
achieve regression of liver fibrosis than others?

DB Yes. If a group of cirrthotic patients with HCV
infection are treated with effective antivirals, the livers
in some will regress toward normal but will not in oth-
ers. When these patients are examined, something other
than the viral load or genotype seems to be at play and
seems to be related to the host response.

Predicting which patients will respond to therapy
and achieve regression of liver fibrosis is currently a topic
of research, but it is still an unknown. Although the con-
cept that a person may exert a genetic response that turns
off TGF-P and results in successful therapy makes sense,
it has not been demonstrated. Environmental factors that
might be relevant to fibrogenesis are also of interest as well
as the role of the gut microbiome.

G&H Ideally speaking, how might liver fibrosis
regression be systematically achieved?

DB There are several core mediators of fibrosis; blocking
only one may not be sufficient. A combination that includes
an angjotensin receptor blocker, a LOXL2 inhibitor, and a
NOX inhibitor might target several pathways. I think that
the goal should be to affect the ability of myofibroblasts
to activate and perpetuate. If the progression of an endog-
enous cell to a myofibroblast to a fibroscar is blocked, then
a patient’s natural collagenases would be able to degrade the
residual fibroscar.
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