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Abstract
Background & Aims—Myofibroblasts are the primary cell type involved in physiologic wound
healing and its pathologic counterpart, fibrosis. Cellular fibronectin that contains the alternatively
spliced extra domain A (EIIIA) is upregulated during these processes, and is believed to promote
myofibroblast differentiation. We sought to determine the requirement for EIIIA in fibrosis and
differentiation of myofibroblasts in rodent livers.

Methods—We used a mechanically tunable hydrogel cell culture system to study differentiation
of primary hepatic stellate cells and portal fibroblasts from rats into myofibroblasts. Liver fibrosis
was induced in mice by bile duct ligation or administration of thioacetamide.

Results—EIIIA was not required for differentiation of rat hepatic stellate cells or portal
fibroblasts into fibrogenic myofibroblasts. Instead, hepatic stellate cells cultured on EIIIA-
containing cellular fibronectin formed increased numbers of lamellipodia; their random motility
and chemotaxis also increased. These increases required the receptor for EIIIA, the integrin α9β1.
In contrast, the motility of portal fibroblasts did not increase on EIIIA and these cells expressed
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little α9β1. Male EIIIA−/− mice were modestly protected from thioacetamide-induced fibrosis,
which requires motile hepatic stellate cells, but not from bile duct ligation-induced fibrosis, in
which portal fibroblasts are more important. Notably, myofibroblasts developed during induction
of fibrosis with either thioacetamide or bile duct ligation in EIIIA−/− mice.

Conclusions—EIIIA is dispensable for differentiation of hepatic stellate cells and portal
fibroblasts to myofibroblasts, both in culture and in mouse models of fibrosis. These findings
indicate a role for EIIIA in promoting stellate cell motility and parenchymal liver fibrosis.
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Introduction
Extracellular matrix (ECM) deposition during wound healing and fibrosis requires the
differentiation of precursor cells to fibrogenic, α-smooth muscle actin (αSMA)-expressing
myofibroblasts. Cells of diverse lineages have been identified as myofibroblast precursors,
but pericytes and fibroblasts are the most common. In the liver, hepatic stellate cells and
portal fibroblasts are the pericyte and fibroblast precursors of myofibroblasts, respectively.
Defining the factors that drive the differentiation and function of these myofibroblast
populations is essential for understanding the mechanism of wound healing and identifying
therapeutic targets for fibrosis.

The fibronectin splice variant EIIIA is one factor hypothesized to mediate differentiation of
myofibroblasts. Fibronectins are among the first ECM proteins upregulated after injury.
There are two forms of fibronectin, plasma fibronectin (pFN) and cellular fibronectin (cFN),
which are encoded by a single gene. pFN is secreted exclusively by hepatocytes as a soluble
dimer, whereas cFN is secreted by many cells, which assemble it into insoluble fibrils1.
cFN, but not pFN, can contain either of two alternatively spliced type III repeats, termed
extra domain A (EDA) and extra domain B (EDB) in humans, and EIIIA and EIIIB in
rodents2,3. For clarity, we use the rodent nomenclature throughout this work.

EIIIA+ cFN and EIIIB+ cFN are expressed nearly ubiquitously in embryonic tissues4 and
appear to have distinct but overlapping roles during development5. Their expression is
highly restricted in healthy adult tissue6, but is increased in a wide range of disease
processes, including wound healing and fibrosis7. EIIIA+ cFN promotes myofibroblast
differentiation of fibroblasts in the skin8 and lungs9. EIIIA−/− mice10,11, although viable and
fertile, exhibit defective wound healing11 and are less susceptible to pulmonary fibrosis9;
myofibroblasts are present, although in decreased numbers.

A requirement for EIIIA+ cFN in liver fibrosis has not been determined. Expression of
EIIIA+ cFN is minimal in the healthy liver, but TGFβ induces its upregulation within 12
hours of liver injury12, 13. A 1994 study showed that primary hepatic stellate cells cultured
on EIIIA+ cFN express higher levels of αSMA than do those cultured on pFN14, suggesting
that EIIIA promotes fibrosis. More recent in vivo work, however, showed that total
fibronectin is dispensable for fibrosis after CCl4-intoxication15. Our goal was to determine
the requirement for EIIIA in myofibroblast differentiation using both in vivo and in vitro
systems.
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Materials and Methods
Primary cell isolation and culture

Hepatic stellate cells were isolated from male retired breeder Sprague-Dawley rats. Primary
cells were cultured on tissue culture plastic (for transwell chemotaxis assays) or on
polyacrylamide hydrogels16–20 (for all other experiments) coated with a saturating
concentration of 0.1 mg/ml pFN or cFN (Sigma) in M199 media (Invitrogen) supplemented
with 10% FBS (Gemini) and antibiotics. Portal fibroblasts were isolated as described16.

Animal studies
EIIIA−/− mice (on a pure C57Bl/6 background) were established from a litter resuscitated
from cryopreserved embryos from the Mutant Mouse Regional Resource Center (B6.129S4-
Fn1tm1Bwg/Mmnc, deposited by Dr. Elizabeth George)10. Animals were cared for in
compliance with the US Department of Health and Human Services Guide for the Care and
Use of Laboratory Animals and with the approval of the University of Pennsylvania
Institutional Animal Care and Use Committee. A heterozygous breeding strategy was used
so that EIIIA−/− mice could be compared to wild type littermates in all experiments.

Thioacetamide
Thioacetamide (200 mg/L) was prepared fresh every 3 days and administered in the drinking
water.

Bile duct ligation
Mice underwent ligation of the common bile duct by standard techniques. Sham operated
animals served as negative controls. Animals received enrofloxacin, administered via
drinking water, prophylactically for 2 days prior to surgery and for an additional 7 days
following surgery.

Statistical Analysis
Statistical significance was determined using Student’s t-test when only 2 groups were
compared. One-way ANOVA with Bonferroni’s post-test for multiple comparisons was used
when 3 groups were compared. p-values were considered significant when less than or equal
to 0.05. * = p ≤ 0.05, ** = p ≤ 0.01, *** = p ≤ 0.005.

Additional methods are available as supplemental material.

Results
EIIIA is not required for myofibroblast differentiation

To determine whether EIIIA+ cFN is required for myofibroblast differentiation in the liver,
we compared the response of hepatic stellate cells and portal fibroblasts to culture on pFN or
cFN. Because the differentiation of both cell types is highly mechanosensitive16, we
cultured cells in vitro on pFN- and cFN-coated polyacrylamide hydrogels with defined shear
moduli (G′; stiffness) that mimic the mechanical environment of the normal (soft, average
0.5 kPa) or injured (stiff, 1–22 kPa) liver21. Surprisingly, hepatic stellate cells expressed
equivalent levels of mRNA for αSMA and ECM proteins, and they had similar expression of
αSMA by immunostaining, regardless of the presence or absence of EIIIA (Figure 1A,B,C).
Culture on pFN versus cFN did not differentially affect the response of either portal
fibroblasts or stellate cells to addition of exogenous TGF-β1 or inhibition of TGF-β
signaling, though portal fibroblasts were more sensitive to TGF-β inhibition (Figure 1D)
than were hepatic stellate cells (Supplemental Figure 1A,B,C), as previously reported22.
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EIIIA+ cFN increases hepatic stellate cell but not portal fibroblast motility
Whereas portal fibroblasts displayed a typical myofibroblast appearance on both pFN and
cFN, with an angular shape and prominent stress fibers (Figure 1D), stellate cells on cFN
had more diffuse organization of αSMA and a more elongated cell shape when cultured in
the presence of 10% FBS (Figure 1C, 2A, 2B), TGF-β1 (Supplemental Figure 1D), or
platelet derived growth factor (PDGF-BB) (Supplemental Figure 2A,B). Staining for the
focal adhesion marker vinculin showed long, mature-appearing focal adhesions in stellate
cells cultured on pFN, whereas stellate cells on cFN had punctate focal contacts (Figure
2C,D). These morphologic attributes are characteristic of motile cells, suggesting that cFN
promotes motility rather than fibrogenesis.

To determine whether the difference in morphology on pFN versus cFN translated to
functional differences in motility, we performed time-lapse microscopy. Stellate cells
cultured on cFN-coated hydrogels were more dynamic than those cultured on pFN-coated
gels, with increased extension and retraction of protrusions as reflected in a greater average
change in cell area and perimeter over time (Figure 3A,B, Supplemental Movies 1–4). Cell
circularity was different on the two matrices at baseline but remained constant (Figure 3C).
Furthermore, stellate cells cultured on cFN were more motile than those on pFN, as
measured by nuclear travel (Figure 3D,E,F, Supplemental Movies 1–4).

In vivo, stellate cells are likely to move in response to chemokine gradients. To model this,
we used transwell chemotaxis assays and found that cells plated on cFN-coated transwell
inserts exhibited greater chemotaxis towards serum (Figure 4A,B), TGF-β1 (Supplemental
Figure 1E), or PDGF (Supplemental Figure 2C) than those plated on pFN-coated inserts.
Increased migration on cFN was attenuated by treatment with two EIIIA blocking
antibodies, IST9 and MAB1940, but not by a fibronectin antibody that binds to an unrelated
site (FN C-20) (Figure 4C). Thus, increased hepatic stellate cell migration on cFN
specifically requires EIIIA. In contrast, portal fibroblasts demonstrate equivalent motility on
cFN and pFN (Figure 4D), and treatment with EIIIA blocking antibodies had no effect
(Figure 4E).

Hepatic stellate cells require the fibronectin binding integrin α9β1 for cFN-enhanced
motility

To investigate the mechanism of enhanced stellate cell motility on cFN, we first
characterized the integrin expression profile for these cells. The classical fibronectin
receptors are α5β1 and αvβ3. Inclusion of EIIIA increases α5β1-mediated adhesion to FN23,
while the more recently described integrins α4β1 and α9β1 bind specifically to EIIIA
itself24,25. We confirmed that hepatic stellate cells express α5β1

26 and αvβ3
27 (Supplemental

Figure 3) and found that they also express the α9 integrin subunit. We were unable to detect
either protein or mRNA for α4 (Supplemental Figure 3B,C and data not shown). Culture on
cFN versus pFN did not alter integrin expression (Supplemental Figure 3A).

We used shRNAs to inhibit the expression of the α subunits in hepatic stellate cells.
Successful knockdown was verified by qRT-PCR (Supplemental Figure 4A) and
immunoblotting (Supplemental Figure 4B); knockdown of one subunit did not lead to
compensatory upregulation of others. In transwell motility assays, knockdown of α9
attenuated chemotaxis on cFN (Figure 5A), whereas knockdown of αv or α5 had no effect or
resulted in increased migration on both matrices (Figure 5B,C). Function blocking
antibodies against the integrins yielded similar results (compare Figure 5D with 5E,F). Thus,
integrin α9β1 is required for enhanced stellate cell chemotaxis on cFN. Not surprisingly,
portal fibroblasts, which failed to show enhanced migration in the presence of EIIIA+ cFN
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(Figure 4D,E), do not express the integrin α9 or α4 subunits (Supplemental Figure 5 and data
not shown).

Male EIIIA−/− mice are protected from thioacetamide-induced liver fibrosis
To determine whether EIIIA is required for liver fibrosis, we treated EIIIA−/− mice, along
with wild type littermates, with thioacetamide, which causes parenchymal injury, for 12
weeks. EIIIA did not significantly affect the degree of liver injury due to thioacetamide
(Supplemental Figure 6A–D).

After 12 weeks of thioacetamide treatment, EIIIA−/− mice and wild type mice developed
comparable numbers of myofibroblasts (Figure 6A,B). Surprisingly, we found that male, but
not female EIIIA−/− mice were modestly protected from thioacetamide-induced fibrosis.
Compared to male wild type littermates, male EIIIA−/− mice had less sirius red staining and
a lower average fibrosis score, reduced hydroxyproline deposition, and lower expression of
fibrillar collagens and tissue inhibitor of metalloproteinases I (TIMP1) (Figure 6C–F). In
sharp contrast, female EIIIA−/− mice had similar degrees fibrosis as their female wild type
littermates (Figure 6).

Wild type males and females developed a similar degree of fibrosis (Figure 6), and similar
results were observed after 16 weeks of thioacetamide treatment (data not shown),
suggesting that slower rates of fibrosis progression do not account for the phenotype in
males. The different phenotypes are also unlikely to be explained by differences in
fibronectin or integrin expression, though females had slightly higher baseline α5 expression
(Supplemental Figure 7). Instead, this phenotype may be accounted for by differences in
TGFβ. Female mice, regardless of EIIIA status, upregulated TGFβ after thioacetamide
treatment, whereas male mice did not (Supplemental Figure 8A), and only in female mice
was TGFβ expression correlated with collagen I expression (Supplemental Figure 8D,E),
suggesting that regulation of EIIIA and TGFβ expression is uncoupled in this model and that
either EIIIA or TGFβ upregulation is sufficient for fibrosis (Supplemental Figure 8F).

EIIIA−/− mice are not protected from bile duct ligation induced fibrosis
To determine whether EIIIA is required for biliary as opposed to parenchymal fibrosis, we
subjected EIIIA−/− and wild type mice to ligation of the common bile duct for 14 days.
Levels of injury were similar (Supplemental Figure 9A,B). EIIIA was markedly upregulated
in wild type mice (Supplemental Figure 9C), and there was a modest increase in EIIIB+ cFN
(but not total fibronectin) in both EIIIA−/− and wild type mice (Supplemental Figure 9C).

As seen in the thioacetamide model, EIIIA−/− and wild type mice demonstrated equivalent
expression of αSMA (Figure 7A,B). They also developed similar degrees of fibrosis, as
measured by liver hydroxyproline, sirius red staining, fibrosis score, and expression of
fibrillar collagens (Figure 7C–F). Importantly, there were no gender-related differences in
the susceptibility of EIIIA−/− mice or wild type mice to bile duct ligation induced fibrosis
(Figure 7). Similar findings were seen in mice 6 days after bile duct ligation (data not
shown).

Portal fibroblasts are the dominant myofibroblast precursors in biliary fibrosis
Although hepatic stellate cells are well established as the predominant source of ECM in
parenchymal fibrosis, portal mesenchymal cells play an important role in biliary
fibrosis28–31. In agreement with these reports, we found that, while there were many αSMA-
expressing myofibroblasts in the portal region following bile duct ligation (Supplemental
Figure 10A), there were few hepatic stellate cells (as determined by staining for desmin, red)
(Supplemental Figure 10B). Instead, many cells in the area expressed elastin, a portal
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fibroblast marker (Supplemental Figure 10C,D)16. Immunostaining of fibrotic livers from
mice that underwent bile duct ligation demonstrated many α9-expressing cells in the
sinusoidal region, but, not surprisingly given that portal fibroblasts do not express α9, few in
the portal scar (Supplemental Figure 10E). As expected, α9-expressing cells were found in
the sinusoidal region after thioacetamide treatment (Supplemental Figure 10F).

Discussion
We demonstrate conclusively that EIIIA+ cFN is not required for myofibroblast
differentiation in vitro or in vivo. Instead, it enhances motility in hepatic stellate cells but not
portal fibroblasts, a phenotype that specifically requires EIIIA and integrin α9β1. Male EIIIA
−/− mice are protected from thioacetamide-induced fibrosis, which primarily affects the
sinusoids, but not from bile duct ligation-induced fibrosis, which affects the portal area and
may depend more on portal fibroblasts28–31. The data provide proof of concept that subtle
changes in the ECM can have large effects on myofibroblast behavior and liver fibrosis, and
they highlight a previously unappreciated function of EIIIA+ cFN in promoting stellate cell
motility rather than myofibroblast differentiation.

Although some investigators have suggested that EIIIA+ cFN drives myofibroblast
differentiation8, 9,14, we found no difference in αSMA expression in cells cultured on pFN
versus cFN, perhaps because we employed a culture system in which substrate stiffness is
within a physiologic range. Fibronectin unfolding and fibrillogenesis are cell-driven
mechanosensitive processes32–34 that may be stimulated by splicing in of EIIIA and
EIIIB7, 35–37. Plastic and glass have stiffnesses in the GPa range, orders of magnitude stiffer
than even a cirrhotic liver, and fibronectin adherent to these surfaces may be non-
physiologically rigid. Additionally, fibronectin conformation is regulated by the chemistry
of the substrate38, and adhesion is different on native matrix versus glass-adsorbed
fibronectin39. Thus, for both chemical and mechanical reasons, it is likely that cells on
plastic or glass are prevented from dynamically interacting with fibronectin in a physiologic
conformation.

In line with our cell culture results, all mice developed myofibroblasts in vivo, regardless of
sex, genotype, or model of fibrosis. Our in vitro data suggest that EIIIA instead acts on
motility. An emerging body of literature supports a role for α9β1 and EIIIA+ cFN in cell
motility40–45, although few studies have examined the pair together. Endothelial cell specific
α9-knockout mice have impaired lymphatic valve formation due to a failure of fibronectin
fibril assembly, a phenotype that is partly copied by EIIIA−/− mice37. EIIIA and α9β1 may
also promote lymphangiogenesis in colon cancer46, 47, and inhibiting α9β1 has been
demonstrated to impair the formation of granulation tissue during wound healing48.

EIIIA may also exert its effects on myofibroblasts by acting synergistically with TGFβ:
TGFβ can promote splicing in of EIIIA49–52, EIIIA+ cFN is required for TGFβ-dependent
induction of αSMA expression in dermal myofibroblasts53, and EIIIA−/− pulmonary
myofibroblasts fail to activate TGFβ from the ECM9. Interestingly, multiple studies
examining the relationship between EIIIA+ cFN and TGFβ have demonstrated different
results in cell culture systems versus whole animal models. Moriya et al. recently reported
that liver-specific total FN−/− mice display normal collagen fibril formation in vivo but not
in vitro, because only in vivo do the mice upregulate TGFβ, which compensates for lack of
FN15. Here we report a similar phenomenon: in vitro the effects of EIIIA+ cFN on liver
myofibroblasts appeared to be independent of TGFβ (Figure 1, Supplemental Figure 1),
whereas in vivo we observed a more complicated relationship between EIIIA and TGFβ
(Supplemental Figure 8).
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In addition to differences between in vitro and in vivo results, the relationship between EIIIA
and TGFβ may be further complicated by sex specific differences in TGFβ expression. In
males, TGFβ was not upregulated (Supplemental Figure 8A), nor was its expression
correlated with that of fibrosis markers (Supplemental Figure 8B). Instead, expression of
EIIIA determined the degree of fibrosis (Supplemental Figure 8C). In contrast, in females,
TGFβ was upregulated (Supplemental Figure 8A) and its expression correlated with markers
of fibrosis (Supplemental Figure 8D), whereas EIIIA status did not (Supplemental Figure
8E).

Others have also reported sex-specific differences in TGFβ signaling. Lane et al. found that
while female rats had greater renal TGFβ expression than did males, male rats were more
efficient at activating TGFβ54. Furthermore, adult female rats had higher renal TGFβ levels
than did ovariectomized female rats in a model of diabetes mellitus, supporting a link
between estrogen and TGFβ expression55. It is possible that wild type males express little
TGFβ but activate it efficiently, whereas wild type females overcome their inefficient
activation by expressing more. EIIIA−/− mice of both sexes may have impaired TGFβ
activation, as has been suggested in the literature, but female EIIIA−/− mice are able to
overcome this by producing more TGFβ. Future studies will need to be conducted to
validate this model (Supplemental Figure 8F).

Migration of myofibroblasts to areas of tissue injury is a critical early event in both wound
healing and fibrosis and our data may have implications for understanding the basic nature
of these processes. Quiescent hepatic stellate cells have an innate ability to undergo
chemotaxis, suggesting that they may be poised to respond to injury, and this capacity
increases further as they differentiate to myofibroblasts56. Many signaling pathways have
been demonstrated to play a role in stellate cell motility57, 58, and sophisticated culture
systems are now allowing mechanistic exploration of the unique cellular structures
required59, 60. Furthermore, over-expression of one downstream integrin signaling molecule
known to promote stellate cell motility, integrin-linked kinase, is sufficient to exaggerate
fibrotic response61, providing strong evidence that motility can drive fibrosis. A better
understanding of downstream signaling effectors of α9β1 may suggest other mediators of
motility40,62, and EIIIA and α9β1 represent attractive, novel targets for exploring
myofibroblast motility during fibrosis.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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EIIIA extra domain A

α-SMA α-smooth muscle actin
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ECM extracellular matrix

PDGF platelet derived growth factor

TGFβ transforming growth factor β

EIIIB extra domain B
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Figure 1. EIIIA is not required for myofibroblast differentiation of hepatic stellate cells or portal
fibroblasts
A. Stellate cells were cultured on pFN-coated or cFN-coated gels for 7 days. qRT-PCR for
αSMA (Acta2) on 0.4–12 kPa gels. Error bars represent SD from 2 experiments. B. qRT-
PCR on 12 kPa gels. Col1a2 = collagen I, Col1a3 = collagen III, Col4a1 = collagen IV, Tnc
= tenascin C, and EIIIB/FN1 = ratio of EIIIB+ cFN to total fibronectin. Error bars represent
SEM from 4 experiments. p values from a paired t-test are indicated. C. Stellate cells were
cultured on pFN-coated or cFN-coated gels for 7 days then stained for αSMA (red) and
DAPI (blue). Scale is the same as in (D). D. Portal fibroblasts were cultured on 12 kPa
hydrogels coated with pFN or cFN in the presence or absence of TGF-β1 and a TβR1
inhibitor. Cells were stained for αSMA and DAPI (blue). Scale bar = 50 μm.
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Figure 2. Hepatic stellate cells cultured on cFN have a motile morphology
Stellate cells were cultured on pFN-coated or cFN-coated gels for 7 days. A. Cells on 12 kPa
gels stained for αSMA. Scale bar = 20 μm. B. Cell circularity was quantified (circularity =
4πA/P2, where A = cell area and P = perimeter). n = 18–23 cells per condition from 2
experiments. C. Stellate cells on 12 kPa gels stained for vinculin. Scale is the same as in (A).
D. Focal adhesion length was calculated using NIH ImageJ. N = 125–150 focal adhesions
per cell from 3 representative cells per matrix.
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Figure 3. Hepatic stellate cells cultured on cFN are more motile
Cells were cultured on pFN-coated or cFN-coated 12 kPA gels for 7 days, followed by time-
lapse microscopy performed over 6 hours. A–C. Cells were outlined on still frames taken at
40 minute intervals. Area, perimeter, and circularity were calculated, and the average
percent change in each parameter from one frame to the next is graphed. N = 15 cells per
matrix. D–E. Nuclear coordinates were traced. Each line represents the path of an individual
cell. N = 15 cells per matrix. F. The average total path length per cell was calculated.
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Figure 4. Hepatic stellate cells but not portal fibroblasts cultured on cFN have increased
chemotaxis
A. Stellate cells were plated on transwell inserts coated with pFN or cFN. After 19 hours,
cells were stained with calcein a.m. and visualized (10× magnification). B. Mean
fluorescence intensity was measured. p-values were calculated with a paired t-test from 8
experiments. C. Inserts were coated with pFN or cFN, then incubated 1 hour with antibodies
before plating cells. Results represent 5 experiments. D. Portal fibroblasts were plated on
pFN or cFN-coated inserts. After 19 hours, cells were stained, and mean fluorescence
intensity was measured. Results represent 3 experiments. E. Inserts were coated with pFN or
cFN, then incubated 1 hour with antibodies before plating cells. Results represent 3
experiments.
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Figure 5. α9β1 is required for increased stellate cell chemotaxis on cFN
A–C. Stellate cells were cultured for 4 days then transduced with an adenovirus expressing
either an integrin-targeting shRNA or a scrambled (scr) control. Transwell chemotaxis assay
was performed 72 hours post-transduction. D–F. Cells were pre-incubated with blocking
antibodies against α9β1, α5β1, or αvβ3 for 1 hour prior to beginning the assay. Error bars
represent SEM from 3–4 experiments.
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Figure 6. Male EIIIA−/− mice are protected from thioacetamide-induced fibrosis
Mice were administered 200 mg/L thioacetamide for 12 weeks. n = 13 H2O control mice (7
male, 6 female), 11 EIIIA−/− mice (6 male, 5 female), and 12 wild type mice (6 male, 6
female). A. αSMA (Act2a) was measured by qRT-PCR and normalized to glyceraldehyde-3-
phosphate dehydrogenase (Gapdh) and beta 2 microglobulin (B2M). B. Liver sections were
stained for αSMA (brown) and with hematoxylin (blue). Scale bar = 100 μm. C. Sections
were stained with sirius red. Fibrosis was scored by a blinded observer on a scale of 0
(normal) to 4 (cirrhosis). Mean fibrosis score is indicated in the bottom right corner of each
photo. D–E. Hydroxyproline content was assayed and reported as relative (D) or total
hydroxyproline (E). F. ECM transcripts were measured by qRT-PCR. Col1a2 = collagen I,
Col3a1 = collagen III.
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Figure 7. EIIIA−/− and wild type mice develop equivalent fibrosis after bile duct ligation
Mice were euthanized 14 days post-bile duct ligation. Depending on the experiment, n = 6–
16 sham-operated animals (up to 10 male, 6 female), 12 EIIIA−/− mice (7 male, 5 female),
and 13 wild type mice (7 male, 6 female). A. Liver sections were stained for αSMA (brown)
and with hematoxylin (blue). Scale bar = 200 μm. B. αSMA transcript (Act2a) was
measured by qRT-PCR and normalized to expression of 18s ribosomal rRNA and
glucuronidase B (Gusb). C. Sections were stained with sirius red. Mean fibrosis score is
indicated in the bottom right corner of each photo. D–E. Hydroxyproline content was
assayed and reported as relative (D) or total hydroxyproline (E). F. Transcripts were
measured by qRT-PCR. Col1a2 = collagen I and Col3a1 = collagen III. *, ** = significant
over sham control.
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