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ABSTR.ACT

We examined the relationship between Smadl gene transcription and the transformation

of hepatic stellate cells (HSC) into myofibroblast-like (MFBL) cells. We specifically

aimed to determine the expression of Smadl mRNA with regard to the transformation of

the hepatic stellate cell, and whether Smadl transcription is abated in response to

signalling events that favour signalling by Smad2. We describe the cloning of rat Smadl

oDNA, and our attempt to clone the rat Smadl 5'-flanking region.

Smadl mRNA expression in primary HSC cultures was shown to increase after 3 days,

prior to transformation at day 6, and remain elevated after 9 days. A I625bp nucleotide

sequence of Smadl cDNA was cloned and was shown to contain 4 amino acid

substitutions over the published sequence. When used to analyze mRNA in HSC extracts

that were treated with2nglml and 5ng/ml TGF-P1, a decline in Smadl mRNA levels was

observed at 3 hours, followed by an increase to control levels thereafter. The cloning of

the rat Smadl 5'-flanking region gave a 1078bp nucleotide sequence that aligns between

exonl and exon2 of rat Smadl cDNA sequence revealing an exon splicing site at position

1 38.

Our results suggest a positive correlation between Smadl transcription and the

transformation of HSC into MFBL cells. Furthermore, Smadl is down-regulated in TGF-

Bl induced cells, indicating a possible control mechanism whereby the Smads regulate

themselves.

IX



[. REVIEW OF TIIE T.,TTERATURE

1.1. L,iver anatomv and cell morphologv

The liver is the largest and metabolically most complex organ in mammals, and

occupies a central role in metabolism. It is unique in that it has a dual blood supply

through the portal vein and hepatic artery. The portal vein brings blood from the

intestines and spleen, and the hepatic artery supplies the liver with arterial blood.

Both vessels enter the liver through a fissure called the porta hepatis [1], where they

branch to the right and left lobes. Anatomically, the liver is described in terms of

portal triads, where each triad consists of the portal vein radicle, the hepatic

arteriole, and bile duct. A functional division envisages a series of acini, each

centred on the portal triad with its terminal branch of portal vein, hepatic artery, and

bile duct. Small branches of each vessel, the terminal portal venule arñ, terminal

hepatic arteriole enter each acinus at the portal triad, where the pooled blood then

flows through sinusoids between plates of hepatocytes. There is an exchange of

nutrients across the spaces of Disse, which separates hepatocytes from the porous

sinusoidal lining. The blood from the sinusoids in adjacent acini then merges at

terminal hepatic venules, which eventually form the hepatic vein. All efferent blood

drains into the inferior vena cava. Interference in hepatic blood supply is commonly

seen in the manifestation of'many liver diseases, including fibrosis and cirrhosis. and

is often manifested by portal hypertensionl2).

The hepatocytes are the parenchymal cells of the liver, and make up its bulk. They

are polygonal in shape and contain three surfaces: the first faces and lies next to the



blood filled sinusoids and space of Disse, the second faces the canaliculus, and the

third faces neighbouring hepatocytes. Hepatocytes are responsible for the liver,s

central role in metabolism, which includes the formation and excretion of bile, control

of cholesterol metabolism, regulation of carbohydrate homeostasis, lipid biosynthesis

and secretion of plasma lipoproteins, formation of urea, serum albumin, clotting

factors, enzymes, and numerous other proteins, and metabolism or detoxification of

drugs and other foreign substances [2].

The non-parenchymal cells surrounding the hepatocytes are the cells that line the

sinusoids, and comprise at least four types: endothelial cells, Kupffer cells, hepatic

stellate cells (HSC), and pit cells. Endothelial cells lack a basement membrane and

contain numerous pores (fenestrae), which permit the exchange of nutrients and

macromolecules from the blood with the hepatocytes across the spaces of Disse.

Endothelial cells also endocytose various molecules and particles, synthesize

extracellular matrix molecules, and play a role in liver metabolism. The Kupffer cells

are the resident macrophages of the liver, and are spindle-shaped cells that play an

important part in the reticuloendothelial system. They originate from bone marrow

precursors and become prominent in wound-healing during injury [3, 4]. Major

functions include phagocytosis of foreign particles, removal of endotoxin and other

noxious substances, and modulation of the immune response. Because of its Kupffer

cells and rich blood supply, the liver is often secondarily involved in infections and

other systemic disorders [2]. The third cell-type, the HSC, are also known as

Iipocytes, perisinusoidal cells, fat-storÌng cells, and lto cells. They store vitamin A



and are involved in the synthesis of various matrix proteins. They are believed to be

the major source of the hepatic fiber [2]. Finally, pit cells are believed to be tissue

lymphocytes with natural killer cell functions. Their role in hepatic disorders is

unknown.

The extracellular matrix (ECM) of the liver includes the organ's reticulin framework.

The ECM is composed chiefly of collagens þredominantly types I, III, and IV), as

well as non-collagenous proteins, such as glycoproteins (fibronectin, laminin) and,

proteoglycans (heparan sulfate, chondroitin sulfate, dermatan sulfate, hyaluronate),

with the hepatocytes and sinusoids distributed within 11,2]. Fibroblasts are found

only in the portal tracts, and produce the ECM molecules required by the liver [2].

1.2. Liver fibrosis and the hepatic stellate cell

Fibrosis manifests itself when the liver is subjected to chronic injury. Injury may

arise from excessive alcohol consumption, persistent viral and helminthic infections.

and hereditary metal overload. The cellular mechanisms of fibrosis are shared among

these insults [1,5,6]. The liver engages in "wound healing" 14,51, during which

excessive amounts of type I collagen is produced and deposited.fT, S], resulting in

scarring [9]. Scarring is prominent when fibril-forming collagens (types I and II) are

synthesized in place of basement membrane type IV collagen f7, g, 10-12], and

excess glycoconjugates, including proteoglycans, fibronectin, and hyaluronic acid are

deposited within the space of Disse, but also when there is a reduced degradation of

existing collagens and other extracellular matrix molecules. The resulting scar is an

accumulation of fibrous tissue around the sinusoids, hepatic venules and the portal



tracts, and the loss of endothelial fenestrae, causing the obstruction of the free

passage of substances from the blood to the hepatocytes through the space of Disse

tl31. Hepatocyte microvilli begin to degrade, impairing the ability of these cells to

perform the key functions of the liver.

While the mechanisms of fibrosis in early and advanced (cinhotic) stages of liver

disease are similar, early changes are reversible, whereas longstanding injury

characterized by cross-linked collagen and regenerative nodules (cinhosis) is not.

For this reason, it is important to understand the mechanisms underlying the early

fibrosing injury [1], and the regulatory factors involved in the various pathobiological

conditions associated with excessive cellular proliferation. Numerous experimental

and clinical studies have identified the presence of activated HSC that increase in

number, surround the developing hepatic nodules, and infiltrate them with interstitial

collagen fr-4,6,8, 9, 11, 13-18]. In normal livers, HSC are thought to be

responsible for low-grade ECM synthesis in order to maintain the architectural

framework of the liver [17], however in fibrosis, they are characterized by producing

excessive ECM. Precisely what triggers HSC activation has yet to be identified, but

transforming growth factor QGF)-P derived from Kupffer cells [3, 5, 16], and the

HSC itself fI4,16,191 may play regulatory roles |5,22J, as well as initiating factors

from other sources, such as hepatocytes [20], platelets and lymphocytes [1].

1.3. Model for hepatic stellate cell activation

HSC are precursors of fibroblasts, capable of proliferating and producing an excess of

extracellular matrix 13, 4, 91. In normal liver they are the major storage site of



retinoids, giving the morphological characteristic of cytoplasmic lipid droplets [23].

They contain actin and myosin contract in response to endothelin-l and. substance p,

and express desmin, a cytoskeleton intermediate filament characteristic of muscle

cells.

As a consequence of liver injury, normal (quiescent) HSC transform into

myofibroblasts-like (MFBL) cells [21], a cell type that exhibits the phenotype of both

myocytes (smooth muscle) and fibroblasts [4], and is coÍrmon to wound healing in

general [9]. The transformation of HSC into MFBL cells accompanies the de novo

expression of smooth muscle a-actin 121,24,251. Endothelin-l is synthesized which

can stimulate reversible cell contraction [9], thus they may also have a role in blood

flow regulation [9, 13]. The transformation of HSC into MFBL cells accompanies an

active secretory apparatus for proteins [23]. The ECM molecules produced include at

least three types of collagens (type I, III, IV), heparan sulfate, laminin, cellular

fibronectin, tenasin, decorin, and biglycan. HSC and Kupffer cells [4] also release

matrix proteinases and inhibitory molecules of matrix proteinases (tissue inhibítors of

metalloproteinases, nMP) ll, 4].

The process of HSC activation in vivo has been well characterized, and includes the

following four features: cell enlargement, local proliferation, enhanced fibrogenesis,

and expression of smooth muscle-like features [1]. Activation occurs in two stages:

the initiation stage, where cells enlarge and become more responsive to proliferative

and fibrogenic cytokines through the up-regulation of receptors, notably TGF-B I ; and



the perpetuation stage, reflecting the cellular response to these cytokines, which

collectively enhance scar formation [5, 8]. New matrix produced by the transformed

HSC perpetuates the activated phenotype, as well as cytokines secreted from the HSC

itself that act in an autocrine manner [8, 16]. Initiation events are largely paracrine,

occurring in response to early matrix changes [5]. Models of HSC activation

emphasize both cell proliferation and increased fibrogenesis as the main event in

fibrosis (Figure 1).
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Figure I:A model of hepatic stellate cell activation.
PDGF = platelet growth factor; VEGF = vascular endothelial growth factor; TGF-pl =
transforming growth factor-B I ; MCP- I monocyte chemotactic peptide- I ; ECM =
extracellular matrix, K cells: Kupffer cells; SE cells: sinusoidalendothelialcells; H cells:
hepatocytesi Fn : fibronectin. Figure from Friedman l5l.



Kupffer cells are thought to be critical in the initial stages of HSC activation [14].

Along with activated macrophages, they produce inflammatory cytokines, some of

which have a proliferative effect on HSC, such as platelet-derived growth factor

(PDGF) [26], while others like TGF-B stimulate f,rbrogenesis thereby increasing

collagen synthesis and perpetuating cellular atrophy [21, 271. Numerous other

growth factors and cytokines from hepatocytes, monoc).tes, and platelets can also

affect the activation of HSC, includingfibroblast growthfactor (FGF), interleukin-1,

epidermal growth factor (EGF), and tumour necrosis factor-a,lzg, z9l. In addition,

thrombin and lipid peroxidation (from exposure to ethanol) may also be involved in

this process [8].

Activation depends on changes in the cell's microenvironment. Changes in the

activities of Kupffer cells, HSC, and endothelial cells may lead to decreased ECM

degradation, as these cells are important in the degradation of extracellular

components [30]. The metalloproteinases are involved in regulation of ECM, and

consist of three main groups: collagenases, gelatinases (type IV) and stromelysins.

These enzymes are synthesized primarily by Kupffer cells and activated HSC. The

normal hepatic microenvironment may be disrupted when they release inhibitory

molecules of matrix proteinases (tissue inhibitor of metalloproteinases, TIM7). As

part of this process, activated HSC progressively replace the normal low-density

matrix with one rich in fibril-forming collagens, which tends to perpetuate the

activated phenotype. The relationship among the matrix metalloproteinases, their



inhibitors, and their substrate or substrate s in vivo however has not yet been clarified

l1l.

1.4. The transforming srowth facton (TGFI - B cvtokine

The transforming growthfactor (IGF)-P family members, which include the TGF-ps,

activins, bone morphogeníc proteins (BMPÐ, Mt¡llerian inhibiting substances, nodal,

glial-derived neurotrophic factor, Lefty, and others, are structurally related, secreted

cytokines found in many invertebrate and vertebrate species ranging from worms and

insects to mammals [31-34]. In mammals, the TGF-P superfamily consists of about

30 proteins, including 3 isoforms of TGF-B itself (TGF-Þr-¡), 3 forms of activin, and

ovet 20 BMPs 132,351. The name TGF-P was based on the growth factor's ability to

stimulate fibroblast growth in soft agar, but TGF-B is actually a potent inhibitor of

epithelial cell proliferation [36]. Every cell in the body produces both TGF-B ligands

and its cognate receptors: functionally, they are microenvironmental regulatory

molecules that signal cell cycle arrest, and have emerged as a major source of signals

that control cell growth and differentiation [35]. Unlike classical hormones however,

members of the TGF-P family produce different effects that depend on the type and

state ofcelll3Tl.

1.5. Effect of TGF-B on tareet cells

TGF-B can often induce several effects on the same cell, depending on its location in

organs [37]. This finding has suggested that different TGF-B polymorphisms may

result in different signalling events [35]. A wide spectrum of cellular functions are

9



ascribed to these growth factors, such as cell proliferation, apoptosis, differentiation,

migration, and wound healing 131,32,351. They play acritical role during embryonic

development by specifuing developmental cell fate [35], and are involved in

maintaining tissue homeostasis during adult life l3l, 321. Deregulation of TGF-B

family signalling has been reported in auto-immune and vascular diseases [31], and

their role in the life and death of cancer cells has been documented [3g].

Some contradictory evidence exists regarding the effect TGF-p has on cell growth.

Because cultured epithelial cells show an arrest in growth in response to TGF-B, it

was initially identified as a potent growth inhibitor for many cell types [37]. It can

inhibit cell growth through several mechanisms, including induction of G¡ arrest,

promotion of terminal differentiation, and activation of apoptosis [39]; these growth

inhibitory properties led researchers to speculate its involvement in cancer cells. In

other cells, TGF-B appears to stimulate rather than inhibit cell growth. Besides

growth, TGF-P regulates cell differentiation [40]. It can noticeably induce the

synthesis of extracellular matrix in cells that are responsible for wound healine.

1.6. Secretion and bindine of TGF-B lieands to tvpe JI and tvpe J cell

surface receptors

TGF-P isoforms are each encoded by a specific gene and are expressed in a tissue-

specific fashion' They show strong homology to each other, and in the case of human

TGF-P' ate 70 - 80% homologous. Different isoforms are expressed in different

cells, and have different binding affinities for TGF-B receptors [35,411. Structurally,

10



the family members are synthesized as large precursor molecules that contain a

propeptide region in addition to the TGF-B ligand itself 134, 421. After it has been

secreted, most protein is stored in the extracellular matrix as a complex of TGF-p, the

propeptide, and a protein called the latent TGF-þ binding protein &rBÐ [35, 42].

The attachment of TGF-P to the LTBP prevents it from binding to its receptors.

There are four LTBPs in total, each encoded by a distinct gene and expressed in a

tissue-specific fashion [a3]. The propeptide portion of the molecule has to be

proteolytically cleaved to form biological active TGF-P capable of binding to

receptors 134,35, 44,451. The ligand can be activated by thrombospondin -I (fsp-

I), a glycoprotein secreted by most cells and incorporated into the extracellular

matrix [46, 471. once TGF-B is secreted, it interacts with a growing array of

extracellular matrix proteins, some of which bind the ligand and make it unavailable

for binding to receptors, while others may facilitate its binding [44]. If released, it

elicits a cellular response through the formation of a heteromeric complex with

specific type I and type 11 serine / threonine kinase receptors [3 1]. Three major classes

of receptors have been identified: five different type II receptors, seven type I

receptors (also known as activin receptor-like kinases, ALK I-D t3l, 321, and a

multitude of type III receptors [35]. Type III receptors are most abundant, and are not

directly involved in signalling. Their function is to bind the TGF-B ligand and

transfer it to the type II and type I receptors [35]. The dimeric ligand first binds to the

type II receptor through its transmembrane domain, then recruits the type I receptor to

form a heteromeric complex. The active complex must include both receptors for

l1



proper activation and downstream signalling, presumably due to the dimeric nature of

the ligand [44].

Cell signalling cascades involve phosphorylation events. The type II receptor is a

constitutively active kinase [28], which upon ligand-binding trans-phosphorylates

particular serine and threonine residues in the type I receptor juxtamembrane region,

also known as the GS box [a8]. The phosphorylation of the GS-box activates the type

I receptor serine / threonine kinase activity, which in turn initiates downstream

signalling by phosphorylating intracellular proteins called the Smads ï3I,32,48,4g1.

Type I receptors thus act downstream of type II receptors, and determine signal

transduction specificity within the heteromeric receptor comprex.

1.7. Receptor specifÏcitv and lieand bindins

Receptors show ligand-binding specificity, which determines the nature of signalling.

of the type I receptors, ALK-4 and ALK-5 are activin and TGF-B type I receprors,

respectively. ALK-I was recently identif,red as an endothelial specific TGF-p type I

receptor. ALK-3 and ALK-6 are BMP type I receptors. ALK-Z, initially implicated

as a type I receptor for activin and TGF-B, is now regarded most important for BMp

signal transduction. The ligand for ALK-7 remains to be identif,red [3 r,32].

There are fewer receptor family members than there are ligand family members: this

would suggest that multiple ligands share a given receptor. In addition, type II and

type I receptors bind different ligands [aa]. As a result, the TGF-B family members
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often bind to more than one type II and type I receptor combination. Various

combinations of ligand-receptor binding will determine the specificity of signalling

[58] (Figure 2).
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1.8. Downstream signalling events: from tvpe II / I receptors to the

Smads

The Smads were discovered through genetic studies in Drosophilia melonogaster and

Caenorhabditis elegans, and are pivotal intracellular mediators of TGF-B family

members 131, 44, 591. Shortly after cloning of TGF-81 and activin in vertebrates

[50], the first invertebrate member of the TGF-P superfamily, the Drosophila

decapentaplegic (dpp) was identified [60, 61]. Genetic screens in Drosophilia

identified the "mothers against dpp" Mad protein [62], which shared homology to

three predicted polypeptides from the C. elegans genome 144, 63, 64]. The c.

elegans sequences were subsequently found to correspond to three Sma genes (Smal,

Sma2, Sma3) [59]. At the same time, vertebrate Mad-related proteins were identified

and shown to be implicated in BMP, activin, and TGF-B signal transduction. To

avoid confusion with similar named proteins, the Smad moniker was adopted. It

originates from a fusion between Drosophilia "Mad" and c. elegans "sma" 131,40,

65]. Subsequently, multidisciplinary efforts in Drosophilia, C. elegans, Xenopus

løevis [66], and mammalian tissue culture have culminated in a molecular model for

Smad-mediated signal transduction for two groups of TGF-B family ligands, one

comprising the dpp IBMP2 / BMP4 subfamily, and a second comprising the activins

/ TGF-Bs.

Eight Smads have been identified in mammals, and the family can be divided into

three distinct subfamilies based on their structure and function in the TGF-B pathway:
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receptor-regulated Smads (R-Smads), common-partner Smads (Co-Smads), and

inhibitory Smads (I-Smads). The R-Smads can be further subdivided: those activated

in response to TGF-B and activin type I receptors are designated Smad2 and Smad3

[67], while those activated by BMP type I receptors are named Smadl, Smad5, and

smadS l3l , 32, 4l , 48, 681. It has been suggested that the BMptype Smads may also

act indiscriminately with TGF-B receptors in addition to BMP receptors 132, 69l.

Figure 3 shows the relative homology of the three Smad families.
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1.9. Mechanism of action of the receptor-regulated and common_

mediator Smads

R-Smads

Following the binding of the TGF-P ligand to type II and type I receptors on the cell

surface, the activated type I receptor complex recruits and phosphorylates its

designated Smad molecule. The L45 loop within the type I receptor kinase domain

determines the specificity of Smad isoform activation [31, 70]. This interaction is

specifically targeted and transient in nature [31, 65], and has been mapped to the .Z_3

loop" region in the c-terminal domain of the R-Smad protein [65, 70]. The amino

acid sequence of the L3 loop is highly conserved, except for two amino acids between

the TGF-P regulated smads and the BMp-responsive Smads (Smadl, 5, g).

Exchange of these two amino acids switches the signalling specificity, including

receptor interaction and phosphorylation [65]. After phosphorylation, the activated

R-Smads recruits the common-mediator Smad4, and the heteromeric Smad complex

translocates to the cell nucleus [71]. The nuclear Smad complex binds to DNA

directly and / or indirectly through other DNA-binding proteins, where they regulate

the transcription of target genes.

Co-Smad

Only one Co-Smad (Smad4), has been identified in mammals, although two isoforms,

Smad4a and Smad4B (also known as Smadl0) have been described in Xenopus. Co-

Smads act by forming heteromeric complexes with all phosphorylated R-Smads, and
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are thus shared components in TGF-B, activin, and BMP signal transduction 1721.

They do not appear to have specificity for different ligand signals [44].

1.10. Structure and activation of R- and Co-Smads

Smads are molecules of relative molecular mass ranging from 42Kto 60K [al]. The

R- and Co-Smads have highly conserved amino-acid sequences at their N- and C-

termini, which are termed lulad homology MHI and MH2 domains, respectively. The

two domains are connected to a less conserved, divergent proline-rich linker region of

variable length f31,41,651 (Figure 4).

MHI domain

The MHl domain of the R-Smads and Co-Smad4 (except for Smad2) can bind to

specific DNA sequences. For the interaction of Smadl with ALK-I or ALK-2

receptors, in addition to the L3 loop in the MHI domain, an a-helix (Hl) domain in

MH2 is also required (Figure 4). The MHl domain of Smad2 contains structural

differences to the MHl domain of other R-Smads, including the absence of a nuclear

localization signal.

MH2 domain

The MH2 domain of the R-Smads determines the specificity of the interaction with

type I receptors. They are distinguished from the MH2 domains of the other two

Smad classes by an SSXS motif at the C-terminal end, which is the region of transient

interaction with the type I cell receptor. Phosphorylation of the last two serines

allows for the oligomerization with the common-mediator, smad4 [65,72].
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The heteromeric complex becomes capable of translocating to the nucleus [32].

Smad4 contains MHl and MHz, domains, but not the SSXS motif, and is therefore

not a phosphorylation target by type I receptors.

Interaction qf MHI with MH2

In their normal, resting cytoplasmic form, the MHI and MH2 domains interact with

one another, rendering the Smad molecule inactive. Removal of the MHl domain

induces transactivation by the MH2 domain [41]. The MH2 domain on the other hand

represses the DNA binding activity of the MHl domain. Thus the two domains

interact to repress each other [65]. Phosphorylation of the SSXS motif on the MH2

domain induces a conformational change in the protein structure, which results in the

activation of the smad protein and relieves mutual repression.

Cytoplasmic and nucleqr-forms qf Smads

All three classes of Smads including the R-Smads, Co-Smads, and I-Smads exist as

monomers in the absence of ligand [65]. TGF-P stimulation induces homo-

oligomerization of the R-Smads with Smad4 1721. Two lines of evidence indicate

that Smads function as oligomeric complexes. The first line is the signal-dependent

association of Co-Smads with R-Smads. The second line is based on crystal and

solution structure analysis of the isolated C-terminal MH2 domain of vertebrate

Smad4, where it has been shown to have the ability to form trimers ï44,65l,thus it is

believed the homo- and hetero-oligomerization of Smads function in trimeric form.

2l



All Smads share the ability to form trimers, as the amino acids of the homomeric

contact faces are highly conserved. R-Smads and Co-Smads alter amino acids on this

contact face. Thus the capability to form trimers appears to be essential for function

Ï441. It has been suggested that both R-Smads and Co-Smads normally exist as

homotrimers and that signal-dependent Smad complexes are heterohexamers þ4]. In

contrast, the requirement for three Smad proteins in each of the two C. elegans TGF-

B family signal transduction pathways has been interpreted to indicate that Smads

function in heteromeric complexes of three different Smad proteins. Other studies

have found that R-Smads exist as monomers in the absence of the TGF-P signal and

only associate in homomeric complexes in the presence of signal [44].

Smad anchor for receptor activation (SARA), a member of the membrane-associated

FYVE-domain-containing proteins, has been shown to present Smad2 and Smad3 to

the activated type I receptor [73]. The FYVE domain in SARA, which consists of

two zinc-finger motifs, nãV bind to phosphatidylinositol-3-phosphate and thereby

tether SARA at endosomal membranes. SARA interacts with the R-Smads and the

TGF- B receptor through its Smad binding domain (SBE) and C-terminal region of

SARA, respectively. Upon C-terminal phosphorylation of Smad2 and Smad3, the

affinity decreases between type I receptor and Smad, as well as between Smad and

SARA, and results in the dissociation of the complex between TGF-P receptor,

activated R-Smad and SARA. Binding of R-Smad to SARA or Smad4 is mutually

exclusive; after heteromeric complex formation of Smads, SARA is available for

recruitment of other Smads for their activation [31]. Recently, microtubules were

22



identified as another subcelluar regulator for Smads. Immunofluorescence

microscopy and biochemical studies showed that Smad2, Smad3, and Smad4 co-

localize and interact with B-tubulin 131,741.

1.11. Resulation of the subcetlular distribution of R- and Co-Smads

Regulated translocation to the nucleus is a key event for induction of gene expression

[aa]. The R-Smads and Co-Smad4 are cytoplasmically localizedintissue culture in

the absence of signal [31], but are predominantly located in the nucleus in the

presence of actively signalling receptors. Whereas ligand-induced nuclear

accumulation of R-Smads is not dependent on expression of Co-Smads, Co-Smads

require association with activated R-Smads to enter the nucleus [3], 44,651. Thus

the driving force for nuclear accumulation of the Smads lie with the R-Smads.

An N-terminal, basic, nuclear localizationJike sequence (NLSJlfte; lys-lys-leu-lys),

that is conserved among all R-Smads, was shown to be required for TGF-B-induced

nuclear import of Smad3 165, 751. In another report [76] however, deletion of the

MHl domain and linker region caused nuclear accumulation of Smad2 [65]. It has

been suggested that the MH2 domain may contain the signal for nuclear transporta-

tion, and / or the MHl domain may be responsible for cytoplasmic retention t65]. A

functional leucine-rich nuclear export sequence (NES) was identified in Smad 4 that

ensures cytoplasmic localization in unstimulated cells [31]. TGF-B induced hetero-

meric complex formation of Smad4 with R-Smads was found to inactivate the NES of

Smad4. The nuclear entry of the Smad4 / R-Smad complex may be stimulated upon

unmasking of the NLS on R-Smad upon their heteromeric complex formation [31].
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1.12. Smad bindins to DNA and nuclear function

The MHl domain of Smad3 and Smad4 has the ability to bind to a specific DNA

consensus binding sequence (5'-AGAC-3') also called the Smad-binding element

(sBÐ [65]. whereas the full-length protein of Smad4 can bind sBE, Smad3 DNA

binding requires the C-terminal phosphorylation by type I receptor kinase or an

artificial truncation of the Smad3 protein removing its MH2 domain. SBEs have been

found in multiple TGF-Þ responsive promoter regions, including Smad7, Smad6, the

plasminogen activator inhibitor-I (PAI-l), JunB, type vI collagen, a2(I) procollagen,

the germline immunoglobulin Ia region, ffid platelet derived growth factor-

(PDGF)B chain [31, 82]. Smad4 has been shown to bind directly to a specific

sequence around an AP-1 site in the collagenase promoter [65].

The crystal structure of the Smad3 MHI domain with SBE has revealed a conserved

B-hairpin structure that is embedded in the major groove of the target DNA that is

responsible for direct DNA contact. The p-hairpin is conserved among R-Smads and

Co-Smads. Smad3 and Smad4 have also been reported to bind to GC-rich sequences.

This would suggest that the DNA binding specificity of B-hairpin loop of DNA is not

so strict, or that there are possible multiple DNA interaction surfaces on Smads.

Smad2 lacks the ability to bind to DNA, even though it shares 92%o homology with

Smad3 1771. It contains a small exon upstream of the B-hairpin loop - removal of this

exon confers the ability of Smad2 to bind to DNA. smadl can bind to DNA

indirectly through Smad4 131,771.
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1.13. Smad transcriptional co-activators and co-repressors

TGF-P signalling serves a broad range and multifunctional nature of cell activities.

Members of the TGF-B family regulate the transcription of various genes, including

cell cycle regulators, extracellular matrix adhesion molecules, homeobox genes, and

ligands themselves. Smads are the messengers that convert the phosphorylation

signal at the cell surface to gene expression in the nucleus, and therefore they serye as

transcriptional regulators.

The structurally related p300 and CBP co-activators were shown to interact in a

ligand-dependent manner with R-Smads through the MH2 domain to induce gene

expression [65]. p300 / CBP associates with various DNA binding proteins, includ-

ing c-Jun and c-Fos, and may act as a bridging factor between Smads and other

transcription factors 165,78,79]. They may promote transcription by facilitating the

interaction of Smads with basal transcriptional machinery or through their intrinsic

(or recruited) histone acetylase activity, which loosens chromatin structure. MSGI, a

27-lrÐa nuclear protein with strong transcriptional activity without the ability to bind

directly to DNA, was found to stabilise the interaction of Smad4 with p300 / CBp,

and acts as a Smad4 co-activator [31].

Smads have also been found to interact with transcriptional co-ïepressors. One such

molecule is TGIF, a homeodomain protein that can bind histone deacetylases

(HDACy). The promoter to which the smad-TGIF complex is targeted, may be

inhibited through recruitment of HDACs [31].
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Smad nuclear interacting protein (SNIP) t has been isolated as another repressor for

TGF-P signalling. SNIP1 suppresses p300 / cBp-dependent TGF-B signalling

through its interaction with p300 / CBP as well as Smad4 [31].

1.14. Transcriptional factors interacting with Smads

TGF-B family members may induce different gene responses in different cell types.

The intrinsic DNA binding ability of Smads carurot explain how different target genes

are selected in a cellular context-dependent manner. To provide target gene

specificity, transcription factors must interact with Smads.

Recent work on the Xenopus Mix2 early response gene has identified a novel

transcription factor with a winged helix / forkhead motif, FAST-| Xenopus forkhead

actÌvin signal transducer (FASD-I was the first transcription factor partner for Smads

to be identified. Nuclear FAST-I binds the activin response element (ARE) in

Xenopus Mix2 promoter, but requires Smads for efficient DNA binding and activation

gene transcription. SBEs are found in close proximity to FAST-I: Smad2 interacts

directly with FAST-I, and Smad4 promotes this interaction. FAST-I interacts

directly with Smad2 in an activin-dependent manner. Smad4 is incorporated into the

complex, and promotes DNA binding through its MHI domain and activates

transcription through its MH2 domain. The consensus sequence of human FAST-I

was shown to be TGT (G/T) (T/G) ATT and has been termed FBE (for FAST-binding

element). Reporter genes with either a single FBE or SBE do not respond to TGF-B,

however a reporter with a combination of FBE and SBE responds to TGF-p in the
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presence of human FAST-1. These results indicate that both sites may be required for

the activation of FAST-I responsive genes [65]. A large number of transcription

factors have been found to associate with Smads and regulate the transcriptional

activity of TGF-B family members responsive genes. Regulation can be positive, or

negative [31].

FAST-2 is another mammalian homolog of FAST-I, and is an activin-responsive

gene. FAST-2, like FAST-I interacts with Smad} in a ligand-dependent manner.

FAST-2 activates a reported gene with an activin responsive element in the presence

of Smad2 and Smad4. The binding sites for FAST-2 and Smad4 were found to be

AAT CCA CA on the activin-responsive gene, which is the sequence of the FBE

found for FAST-I.

Smad4 binds to GC-rich sequences around FBE where four GCCG motifs exist.

FAST-2 binds to DNA constitutively, whereas Smads require FAST-2 for DNA

binding, suggesting that the affinity of Smads for DNA is relatively low. Thus,

FAST-2 recruits that Smad complex to a specific site on the DNA and Smads activate

transcription [65]

Smads are unique in DNA binding, as they are tethered to DNA not only via

interaction with other DNA-binding proteins such as FAST-I, but also directly to

specific DNA sequences. Medea,the Drosophilia Smad4 homolog, was also found to

directly bind to DNA. Both have been found to bind to a consensus sequence of CGC
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CGC (G/C)G(C/A) C on the Drosophilia tinman gene. In addition, an adjacent

sequence GAATGT was found to be necessary for proper gene expression. This

sequence is closely related to the FAST-I binding site, suggesting the existence of

another essential transcriptional cofactor [65].

1.15. Sienalling cross talks through Smads

Members of the TGF-B superfamily act in environments where multiple signals

interact, and are thus likely to cross-talk with other signalling pathways. Calmodulin,

a central molecule in calcium signalling, interacts with Smads in a calcium-dependent

manner [65]. EGF induces phosphorylation of the linker region of Smadl through

activation of ERK kinase, and inhibits its translocation from the cytoplasm to the

nucleus. EGF may thus antagonize BMP signalling through Smadl.

Both synergistic and antagonistic regulations between the TGF-B superfamily and the

MAPK cascade are known, and Smads may be the site of intersection [65].

1.16. Inhibitory Smads: the l-Smads

The first two classes of Smads, the R-Smads and Co-Smad, have central roles in

signal transduction. The third class, the I-Smads, antagonizes signal transduction.

The I-Smads lack the C-terminal MH2 phosphorylation site that is found in the R-

Smads, and are not phosphorylated [32]. To date, two I-Smads have been identified in

mammals, Smad6 and Smad7. These have been identif,red as inhibitors of the TGF-p,

activin, and BMP signalling, and are believed to function in negative feedback loops

since TGF-B, activin, and BMPs are all able to induce their expression [32, 80, 82].
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I-Smads interact by complexing with activated type I receptors, thereby denying

access to the receptor kinase for R-Smads phosphorylation and activation. Smad6

appears to inhibit the phosphorylation of BMp Smads [31], although this is

controversial132]. On the other hand, SmadT interacts with all type I receptors and is

considered a general inhibitor of TGF-B family signalling [31]. The WD-domain

containing protein, serine / threonine kinase receptor-associared protein (STRA7),

interacts with SmadT 1351. STRAP potentiates the inhibitory effects of SmadT by

recruiting SmadT to the TGF-B receptor [31]. No molecules recruiting Smad6 to the

activated type I receptor have been reported thus far [31]. Other than by competing

with R-Smads for the activated receptor, other mechanisms have been proposed for

the inhibitory effect of Smad6. One such mechanism is competitive inhibition of

Smad6 for Smad4 heteromeric complex formation, thereby reducing its availability

for complexing with activated Smadl 13I,321. Thus Smad6 may interfere with TGF-

B family member signalling pathways at different levels in the signal transduction

pathway.

Positive functions have been ascribed to I-Smads. Smad6 or SmadT were found to

enhance TGF-P induced adipocyte differentiation. In addition, up-regulation of

SmadT by TGF-B was shown to mediate apoptosis of prostate carcinoma cells;

expression of anti-sense SmadT mRNA inhibited TGF-P induced programmed cell

death. The molecular mechanism by which these positive effector functions for I-

Smads are achieved is unclear [31]. While SmadT mRNA expression is rapidly up-
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regulated by R-Smads, Smad6 mRNA is induced after several hours and is

maintained for 48 hours or more [48].

In the absence of ligand stimulation, I-Smads are predominantly found in the nucleus.

TGF-B stimulation was shown to result in an export of SmadT from the nucleus. The

MH2 domain of SmadT is suffrcient for ligand-induced nuclear export. The

molecular mechanisms through which I-Smads are exported are unknown.

Smad6 and SmadT mRNA are potently induced by TGF-B family members. I-Smads

may thus act in an autocrine negative feedback loop to control intensity and duration

of TGF-B signalling responses [82]. I-Smads are direct target genes; the promoters

for Smad6 and SmadT genes have been characterized and found to contain SBEs and

other critical sequences that bind Smads. Thus l-Smads alone or together with other

molecules can regulate signalling of TGF-B family members in a negative as well as

positive manner [31].

A proposed model of Smad signalling involving the TGF-B cltokine and the

inhibitory Smads has been described by Chen et al 1821. Here, an increase in the

TGF-B cytokine causes the cell to regulate signalling events through direct binding of

the Smad3 / Smad4 complex with the SBE sequence in the SmadT promoter. In

conjunction with the up-regulation of Smad7, it is stipulated that the binding of the

Smad3 I 4 complex to the promoter region of SmadT favours an increase in SmadT

mRNA synthesis resulting in a negative feedback loop that regulates the length and
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intensity of TGF-B and activin signalling. Similar observations have been reported

between BMP signalling and Smadl, Smad5, and Smad6 binding.

1.17. TGF - ß1 lieand bindine and tiver fibrosis

The most potent fibrogenic mediator identified so far is TGF-81 14,161. In its latent

form, it exists as a 390 - 39I amino acid propeptide that is incapable of binding to

TGF-B receptors unless made active by proteolytically cleaving an arg-arg cleavage

site between residues 278 - 279 142,45]. The mature form is a25l<Da homodimeric

protein of ll2 amino acids derived from the carboxy-terminus of the propeptide [42,

50, 51]. TGF-Pl is derived from various cell types, and has regulatory roles in cell

growth and differentiation [3,45]. In fibroblasts, it has been shown to stimulate the

production of ECM such as collagen and fibronectin, and also inhibits their

degradation 13,451. Addition of exogenous TGF-81 results in proliferation of HSC in

rats [52], promotes wound repair f3,53,54], and alocalized fibrotic response [3].

TGF-PI is probably the major inhibitor of hepatocyte proliferation and is strongly

expressed in non-parenchymal cells during liver regeneration. Experimentally TGF-

B1 exerts both positive and negative effects, depending on the cell type and culture

conditions [1].

A model for studying liver fibrosis is the activation of cultures of HSC. Rat HSC in

vitro wdergo a transition into MFBL cells, which is paralleled by a drastic drop in

retinyl ester content and a more than tenfold increase in collagen (mainly type I) [19,

55], events that closely mirror the hepatic fibrotic response in vivo. Typically
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transformation occurs within 1 -2 weeks [55]. Using this model, experiments have

shown that TGF-B stimulates collagen and proteoglycan synthesis, and that in acute

liver injury induced by administrating carbon tetrachloride (CCla) to rats, the level of

TGF-P mRNA rises significantly [28], along with an increase in smooth muscle c¿-

actin expression [18]. An increase in collagen type IV and fibronectin mRNA levels

in transformed HSC [56], strongly suggest a central role of TGF-B in hepatic fibrosis
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il. HYPOTHESIS

In this study, we attempted to examine the relationship between Smadl

transcriptional activity and the transformation of hepatic stellate cells into

myofibroblast-like cells. We hypothesize that the transcriptional activity of Smadl

increases in hepatic stellate cells prior to their transformation into myofibroblast-like

cells, and that a regulatory process exists among the Smads in which the transcription

of Smadl is down-regulated in response to events that favour signalling by Smad2.

Furthermore, we attempt to clone the rat Smadl 5'-flanking region, as we predict that

the regulation of Smadl transcription is a key event in liver fibrosis.

Our objectives are as follows:

To examine the expression levels of Smadl mRNA in rat hepatic stellate cells

before and after the transformation into myof,rbroblast-like cells.

To clone rat Smadl cDNA.

To study the effect of the TGF-BI cytokine on the expression of Smadl

mRNA in rat hepatic stellate cells, a condition that favours intracellular

signalling by Smad2.

4. To clone the 5'-flanking region of the rat Smadlgene.
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III. METHODS

3.1. PCR analysis of Smadl expression during activation of HSC

3.1.1. Isolation of hepatic stellate cells from rat liver

The method of HSC isolation was adapted from Friedman SL (Hepatology 1992 Feb;

l5(2). 234-43). A brief description follows: to isolate HSC, the liver of an an-

aesthetized Sprague-Dawley male rat was cannulated and perfused for 10 minutes at

370C in a buffer containing 0.015% collagenase H, O.zyo pronase, and 0.001% DNase

(all from Boehringer Mannheim, Indianapolis, IN) in 300m1 of Gey's balanced salt

solution (GBSS). After sufficient perfusion, as determined by the tenderness and

colour of the liver (typically l0 - 20 minutes), the liver was removed from the rat and

placed in a sterile plastic dish, where it was stroked to disperse the cells. The cell

tissue extract was transferred to 200m1 of incubation buffer (identical to the perfi.rsion

buffer) and incubated for 30 minutes at 370C under constant stirring. This was

filtered through sterile gauze to remove undispersed tissue and other material, and

HSC were isolated and purified from other tissue components and foreign cells using

a density centrifugation method that employs a gradient of 1T.3yo Nycodenz with

NaCl. This method has been shown to give cultures of HSC of consistent quality,

free from other cell types and contaminants. The cells once isolated and purified,

were seeded at a concentration of 3x106 / ml in 100mm sterile, plastic-coated dishes

(Corning, New York, NY), and assessed by light microscopy for purity and viability.

3.1.2. Cell Culture

The primary culture HSC used in this experiment were cultivated by placing the cell
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dishes in an incubator at 370C saturated with 95Yo 02 I 5yo COz. Cells were

cultivated in DMEM with l0% cool-calf serum and were examined under a phase-

contrast microscope. Culture medium was replaced every two days. The culture

medium for this cell type was prepared by dissolving 13 59 of Dulbecco's Modifred

Eagle Medium ("DMEM" from GibcoBRL, supplied by Life Technologies,

Rockville, MO) powder in 920m1 ddH2O and iOml HEPES saline buffer (0 283M

NaCl, 0.023M HEPES acid, 1.5mM Na2HPOa, diluted to 2 litres in ddHzO). The pH

when measured was determined to be between 7.2 and7.3. 50ml of 10olo cool calf

sen¡m (Cool CaIf 2, Sigma, St. Louis, MO), 10ml of lx Penicillin-Streptomycin

(GibcoBRL, Life Technologies, Rockville, MO) and 1Oml of L-glutamine (Sigma,

St. Louis, MO) were added to give a final volume of 1000m1. The solution was

filtered through a0.2¡t sterile filter, and stored at 40C until use. At the end of the

experiment, all culture medium was drained from the dish, and the dish was stored at

-700C until RNA could be isolated from the cells.

3.1.3. Isolation of RNA from HSC

Total RNA was isolated from primary HSC using the Trizol-LS reagent (Life

Technologies, Rockville, MO) as follows: each cell culture-dish was incubated for ten

minutes with 2.5m1 of Trizol-LS at room temperature under mild agitation. The red

reagent - cell extract from each plate was transferred to separate plastic tubes and

shaken vigorously by hand for 15 seconds with 0.67m1 chloroform, followed by

incubation at room temperature for 10 minutes. The tubes were centrifuged for 15

minutes at 12,0009, after which the colourless, upper phase was removed, transferred
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to a different tube, mixed with I .67m1isopropanol, incubated at room temperature for

l0 minutes, and then centrifuged for 15 minutes af 12,0009. The clear liquid was

drained, leaving behind a small, white pellet. After air-drying for 10 minutes, the

pellet in each tube was dissolved in two volumes of 15pl sterile water, and transferred

to separate, sterile 1.5m1 Eppendorf tubes. RNA samples were quantitated by

spectrophotometry at 260nm using the BioRad Smartspec 3000 spectrometer

(BioRad, Hercules, CA). In total, three RNA samples were available from the cell-

extracts of primary HSC that were in culture for 1, 3, and 9 days. These were labelled

P1, P3, and P9, respectively. Samples were stored at -70oc until further use.

3.1.4. 1"t Strand Synthesis

The Advantage RT-PCR Amplifier Kit (CLONTECH Laboratories, Palo Alto, CA)

was used to synthesize 1't strand cDNA from total RNA samples described above. A

brief description of the method is given here: 1 pg of each RNA sample (p I , p3, p9)

was mixed with lpl 20mM random hexamer primer in a thin-walled 200¡rl PCR tube,

and heated for 2 minutes at 700C. To each of the three tubes (P1, P3, P9) were added

4pl 5x Reaction buffer (250mM Tris-HCl pH 8.3, 375mM KCl, 15mM Mgcl2), 1pl

10mM dNTP mix, 0.5p.1 recombinant RNA inhibitor, and lpl Moloney-Murine

Leukaemia Virus (MMLV) reverse transcriptase (200units/¡rl). The tube contents

were mixed, and incubated at 420C for I hour, followed by brief immersion into a

hot-water bath at g40C to stop the cDNA synthesis reaction, and to destroy DNase

activity. The single-stranded DNA samples were diluted to tO0pl by adding ggpl

diethylpyrocarbonate (DEPC)-treated water. Samples were stored at -700C until
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further use.

3.1.5. Polymerase Chain Reaction

5pl of each single-strand cDNA sample (P1, P3, P9) were used in PCR under cycling

conditions described in Table 1. PCR was performed in 200¡rl thin-walled tubes

using the Eppendorf Scientific Mastercycler (Brinkmann Instruments, Westbury,

¡lY). PCR mixtures were prepared by pipetting into a t.5ml tube 36pl ddHzo, Spl

10x Advantage 2 PCR buffer, 1¡rl 50x dNTP mix, 1¡rl 50x Advantage 2 Polymerase

mix, and 1¡rl of each sense and anti-sense Smadl primer. Primers are described in

Table 2 and Section 3.2.1. Controls were employed to determine whether each

sample contained equal amounts of l't strand DNA, thus enabling us to compare the

relative expression of Smadl among the three samples. Control reactions were made

up as above, but by substituting Zp,l of 10mM premixed human G3PDH primers

(supplied in the Advantage RT-PCR kit) in place of the two Smadt primers.

Additional reactions using 10¡rl of the RNA sample were carried when the intensity of

G3PDH expression (indicative of RNA sample quality) was not consistent among the

samples. All reaction products were stored at 40C until further analysis.

3.1.6. Analysis of PCR products

PCR products from all samples were analysed on a 7.2Yo agarose / ethidium bromide

(EtBr) gel under short-wave ultraviolet light, and the gel was photographed using a

Polaroid camera. The photographs were scanned into a Power Macintosh computer

using the Hewlett Packard I{P 6100 C high-resolution scanner. The densitometric
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Table 1: PCR reaction conditions for Smadl cDNA cloning

NAME CYCLES DENATURATION ANNEALING EXTENSION

SMAD1 3l g4oc,1 minute 59.50C, 30 seconds 720C.4 minutes

Start: 940C, 2 minutes

End:720C,8 minutes
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Table 2: PCR primer design for amplifying Smadl cDNA

NAME SEQUENCE START SITE

GSP-IC s'-TCC TAC CTT TCC GAA CCG AAG A-3' 179 - 2OI

GSP-2C s'-GAG GTC AAG TAT CAC GGA TCC TTT AC-3' 1778 - 1804

Product length: I625bp
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values obtained from both Smadl and G3PDH expression \¡/ere determined by the

NIH-Image computer-imaging program (NIH-Image 1.61 download from

<http://www.irfo.nih.gov/nih-image>), and were used for quantifying rat Smadl

cDNA expression. To obtain maximum resolution, the images of the bands (white)

were inverted with the background (black), and a filter was employed to subtract

background noise. The values of expression of Smadl mRNA, as given by its cDNA

expression, were represented as a graph of corrected expression intensity against the

number of days of HSC incubation.

3.2. The clonine of rat Smadl cDNA and the analvsis of Smadl in

HSC

The polymerase chøin reøction (PCR) cloning of Smødl

3.2.1. PCR primer design

Two primers were designed for the amplification of rat Smadl cDNA using the Oligo

Primer Analysis Software (Version 5.1, National Biosciences Inc, Plymouth, MN),

and the published rat Smadl cDNA sequence as the template for primer design

(GenBank Accession Number U66478). Primers were designed for optimal PCR

conditions, which include a minimum annealing temperature of 700C, a primer length

of no less than 22 nucleotides, a GC content ranging between 45 - 60 Yo, and 3'-

terminal ends that are not complementary to each other, and do not contain more than

three GC nucleotides in the last six positions of the 3'-end. Primers were chosen to

encompass the longest, continuous reading frame for the Smadl gene, which was

determined to be from position 316 to 1722 by using the GeneJockey Sequence
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Processor software (Biosoft, Cambridge, UK) (Figure 5). The sequence of the

designed primers and length of the predicted PCR product is listed in Table 2.

Primers were synthesized by GibcoBRL Custom Primers (Life Technologies,

Burlington, ON) in lyophilised form, and were reconstituted with TE buffer (1gmM

Tris-Cl, lmM EDTA pH 8.0) to a concentration of i00pM, then diluted further with

TE to 1OpM for direct use in PCR. The optimal annealing temperature of the primer

pair was determined to be 59.5'C.

3.2.2. PCR Protocol

PCR reagents chosen for this experiment were the Advantage 2 PCR System and rat-

brain Marathon cDNA template, both supplied by Clontech Laboratories, Palo Alto,

CA PCR was performed on both the MJ Research Minicycler (MJ Research,

Waltham, MA) as well as the Eppendorf Mastercycler (Brinkmann Instruments.

V/estbury, NY). The cycling protocol used is given in Table 1. Each reaction was

prepared in 200¡rl thin-walled PCR reaction tubes contained 36pl PCR-grade water,

5pl lOx Advantage 2 PCR buffer, 1¡rl 50x dNTP mix, lpl of each 10mM cusrom

primer, and 1¡rl 50x Advantage 2 Polymerase mix, initially prepared as a Master Mix

suffrcient for three reactions. Two aliquots of 49pl each were pipetted into separate

tubes; to the first, 5¡-rl of rat Marathon cDNA were added, to the second, 5¡rl of PCR-

grade water.

3.2.3. Analysis of Smadl PCR products
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Figure 5: n-readin frame for rat Smadl
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Figure 5.' RF 1 represents the longest, continuous reading frame for the Smadl gene and
occurs from position 3 l6 to 1722 of the sequence. PCR was designed to clone a proãuct that
encompasses this sequence.
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The initial analysis of the amplified PCR products was performed by electrophoresis

of 5¡rl of each tube contents on a |.2%o agarose / ethidium bromide (EtBr) gel in TBE

buffer (1089 Tris base, 55g boric acid, 40ml 0 5M EDTA pH 8, dissolved in HzO to a

total volume and diluted 10x). A lkb DNA ladder (Promega, Madison, WI) was used

as a DNA size reference.

3.2.4. Subcloning of the Smadl PCR products

To clone the PCR product, the Zero Blunt TOPO PCR cloning kit (Invitrogen,

Carlsbad, CA) was used. This kit makes use of the pCR-Blunt II-TOPO plasmid

vector to clone blunt-ended PCR products. The linearized vector is supplied with the

Vaccinia virus topoisomerase I enzyme covalently bound to the 3'-end of each DNA

strand, which allows for the insertion of the PCR product without the use of a ligase.

In addition, the vector contains the M13 Forward and M13 Reverse priming site for

sequencing of the 5'- and 3'-ends of the ligated product, as well as a kanamycin-

encoding gene for selection of positive, recombinant products. The cloning reaction

was performed by placing 3¡rl of each PCR product in a 200p1 plastic tube, along with

1¡rl of salt solution (i.2M NaCl, 0 06M MgCl2), and 1¡rl of ddHzO. lpl of rhe TOPO

vector was added to the tube to bring the frnal volume to 6¡rl. The tube was incubated

for 5 minutes at room temperature, after which 2¡rl of the tube contents were pipetted

into a single vial of One Shot TOPl0 Competent E.Coli cells (Invitrogen, Carlsbad,

CA), and incubated for 5 minutes on ice. The vial was heat-shocked at 420C for 30

seconds, placed immediately on ice, mixed with 250p1 of SOC medium (2%o tryptone,

0.5Yo yeast extract, 10mM NaCl, 2 5mM KCl, l0nM MgCl2, 10mM MgSOa, 20mM
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glucose), and left for one hour on a horizontal shaker set at 200rpm and 370C.

Twenty to one hundred microlitres of the vial contents were streaked on six pre-

warmed LB Agar plates containing 5O¡rg/ml kanamycin (Sigma, St. Louis, MO), and

the plates were left overnight in an incubator at 370C. Ten bacterial colonies from the

selective plates were picked and cultured in LB medium on a small-scale for further

analvsis.

3.2.5. Small-scale culture and restriction enzyme analysis of Smadl cDNA

Small-scale cultures were prepared by cultivating the bacterial colonies overnight at

370C on a horizontal shaker at 300rpm in separate tubes, each containing 2 ml LB

medium with 5O¡rg/ml kanamycin. The following morning, 1.5m1 of each culture

were used for plasmid isolation using a mini-preps procedure, while the remaining

0.5m1 was stored at 40C for potential large-scale cloning. Once the plasmids had been

isolated, each was dissolved in 20¡rl of TE buffer at pH8, and its concentration

measured at 260nm using the BioRad SmartSpec 3000 spectrophotometer (BioRad,

Hercules, CA) A restriction enzyme digest was set up to identify false-positives and

other PCR contaminating products that may have been ligated into the TOPO vector

during the cloning procedure. The digest contained 5pg plasmid DNA in each tube,

2¡il of the optimal restriction enzyme buffer (supplied with the restriction enzyme),

and enough ddH2o to give a final volume of 19¡rl. The tubes were briefly

centrifuged, and 1¡rl of either the EcoRI or SacI restriction enzymes (both from

Promega, Madison, WI) was added to the contents. The digest was incubated at 370C

in a hot water-bath for t hour in the case of the EcoRI enzvme. or 16 hours in case of
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the SqcI enzyme. 5pl of the contents from each tube were analysed by

electrophoresis on a l.ZYo agarose gel / EtBr gel in TBE buffer. The gel was

visualized under short-wave UV light, and photographed with a Polaroid camera.

3.2.6. Large-scale cloning reactions

The remaining 0.5m1 bacterial LB-kanamycin culture, which had been stored at 40C,

was used for large-scale cloning in 150mL LB medium containing S0pg/ml

kanamycin. Two cultures were cultivated containing the vector of interest. The two

culture flasks were placed overnight in a 300rpm shaker at 370C, and the plasmids

isolated using the commercial Maxi / Midi plasmid isolated kit available from

Qiagen, Valencia, CA. The isolated plasmids were dissolved in 300¡rl sterile TE

buffer at pH8, and their concentrations determined by spectrophotometry at 260nm.

Both plasmids were stored at -200C.

3.2.7. Sequencing of Smadl cDNA

The sequencing mix was prepared by adding 200ng of the vector-ligated Smadl PCR

product and 5pmol of the sequencing primer to a 200p1 PCR tube while on ice. The

total reaction volume was adjusted to 3¡-rl with ddHzO. Samples were then submitted

to the sequencing facility at the Manitoba Institute of Cell Biology.

The 5'- and 3'-ends of the vector-Smadl construct were sequencing by using the M13

Reverse and Ml3 Forward (-20) primers described in Table 3. These primers, which

were supplied in the Zero Blunt pCR-Blunt II-TOPO cloning kit, ligate to

complementary DNA sequences on the vector and lie close to the cloning site of the

45



Table 3: Sequencing primers for rat Smadl DNA

NAME SEQUENCE

Ml3R (-20) s',-CAG GAA ACA GCT ATG AC_3'

M13F (-20) s',-cTA AAA CGA CGG CCA G_3'

Xl s'-GCC GCT ATG AAT GTG ACC AG-3'

X2 5'-CTG CGA GTT CCC ATT TGG TT-3'

X3 s'-CTG GCA GCA GCA GCA GCA CCT AC-3'

X4 5'-AAT GTT AAC CGG AAC TCC ACT ATT G-3'

X5 s'-CAA CAA CCA AGA GTT CGC TCA G-3'

Yl s'-GCC TTT AAG ACA CCG ACG AAA TA-3'

Y2 5'-CCT CCG ACG TAA TAA AGG TGG AC-3'

Y3 s'-TCG CCC ACA CGG TTG TTG AGC-3'

Primers. X denotes forward primers, Y denotes reverse primers.
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Smadl PCRproduct. M13F (supplied as 385pMoles in 0.lpg/pl of TE buffer) and

Ml3R (supplied as 407pM) primers were used in the sequencing reaction by mixing

0.25¡tl of either primer with 0 20¡rl of the plasmid sample, and2.55pl of water on ice.

To fully characterize the Smadl cDNA product, several primers were designed using

the OLIGO 5.1 primer design program and the published rat Smadl cDNA sequence

as a template for primer design. The designed primers were custom-made by

GibcoBRL, as described in Section3.2.l. Sequencing primers are given in Table 3.

Primers were supplied in lyophilised form and reconstituted to a concentration of

100FM with TE buffer at pH8. Primers were then diluted 20 fold and 1¡rl (5pmol) of

each was used in the sequencing reaction mix.

The unulysis of Smadl in heputic stellute cells

3.2.8. Isolation of hepatic stellate cells from rat liver

The isolation of HSC from rat liver is described in Section 3.1.1. This method has

been shown to give cultures of HSC free from contaminants. The cells once isolated

and purified from the rat liver were seeded in 100mm sterile, plastic-coated dishes

(Corning, New York, NY) in DMEM with i0% cool-calf serum, and assessed by light

microscopy for purity and viability.

3.2.9. Cell Culture

The primary culture HSC were cultivated by placing the cell dishes in an incubator at

370C saturated with gsyo 02 I 5%o COz until 70 - 80% confluent. Confluence was
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assessed by visual inspection using light microscopy, and was typically accomplished

after 2 - 4 days after isolation from the rat. Cell culture medium was prepared by

dissolving 13.59 of Dulbecco's Modified Eagle Medium powder (DMEM from

GibcoBRL, supplied by Life Technologies, Rockville, MO) in 920m1 ddHzO and

1Oml FIEPES saline buffer (0 283M Nacl, 0 023M I{EPES acid, 1.5mM NazHpo+,

diluted to 2 litres in ddHzO). The pH when measured was determined to be between

7.2 and 7.3. The solution was divided into two fractions. the first fraction" labelled

"serum-free medium", consisted of 490m1 of DMEM medium to which were added

5ml of 1x Penicillin-Streptomycin (GibcoBRL, Life Technologies, Rockville, MO)

and 5ml of L-glutamine (Sigma, St. Louis, Mo) to a final volume of 500m1. This

solution was filtered through a 0.2¡t sterile filter, stored at 40C, and was used for incu-

bating cells when treated with TGF-81. To the second fraction, consisting of 440m1

DMEM solution, were added 50ml of l0olo cool calf serum (Cool Calf 2, Sigma, St.

Louis, Mo), 5ml of lx Penicillin-streptomycin, and 5ml of L-glutamine, giving a

final volume of 500m1 This solution was fïltered, stored at 40C, and used for

culturing cells prior to treatment with TGF-81. In all 12 dishes of cells were made

available, which were divided into two sets consisting of six dishes each.

3.2.10. Treatment of HSC with TGF-p1

To maintain cell viability prior to treatment with TGF-BI, culture medium in each

cell-dish was replaced every two days with the serum-containing DMEM To treat

cells with TGF-P1, a sterile solution of 2nglml TGF-Pl was prepared. The TGF-ßi

stock reagent (human TGF-ßI from R & D Systems, Minneapolis, MN) was supplied
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in lyophilised form, and reconstituted as follows: 5ml of 4mM HCI containing

1mg/ml BSA was frltered through a0.22¡t frlter (Millipore, Bedford, MA). lml of the

filtered HCI solution was added directly to lpg TGF-BI reagent and mixed. The

bottle contents were then divided into 4 separate fractions of 250¡rl each, and were

stored in 1.5m1Eppendorf tubes at -700C until needed. After it had been determined

that all cell dishes were 70 - 80% confluent, all culture medium was removed from

the dishes by suction in a sterile cell culture hood, and 3ml of 1x PBS (137mM NaCl,

2.7mM KCl, 4.3mM NazF{POqeT}fzO, l4mM KHzPO+, pH 7.3) were added to the

dishes to remove all traces of the serum-containing culture medium. The PBS was

completely removed by suction, and replaced with 8ml of serum-free DMEM. The

two sets of cells were divided into two groups and labelled to receive either Znglml or

5ng/ml TGF-PI for 1, 3,6, 12, or 24 hours each, and incubated for 24-hours in

preparation for treatment with TGF-Ê1. Two dishes were labelled as "control", which

were destined not to receive the TGF-B I reagent.

To add 2nglml TGF-ß1 to the first set of six cell-dishes, 8¡rl of the 2nglml stock TGF-

pl were pipetted into the DMEM medium of each cell culture dish for the indicated

time period, starting with the Z4-hour group. The experiment was designed such that

allcellscouldbeharvestedattheendof aZ4-hour period. The5ng/mlTGF-Bl cell

group received 20pl of theZnglml TGF-Pl stock reagent per dish for the indicated

time period. The control set were treated in the same manner as the other cell dishes,

with the exception that they received no TGF-p 1. All cells were incubated in 95o/o Oz

I 5Yo COzat 370C during TGF-P1 treatment. After the incubation period had elapsed,
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the culture medium from each dish was removed completely by suction, and the cells

dishes were transferred to a -700C freezer for storage until isolation of RNA could be

accomplished.

3.2.11. Isolation of RNA

RNA was isolated using the Trizol-LS reagent (Life Technologies, Rockville, MO) as

follows: each stored cell-culture dish was incubated for ten minutes with 2.5m1 of

Trizol-LS at room temperature under mild agitation to ensure complete dispersion of

the reagent to all cells. The red reagent - cell extract from each plate was transferred

to separate plastic tubes, 0 67ml chloroform was added to each, and the tubes were

shaken vigorously by hand for 15 seconds, followed by incubation af room

temperature for l0 minutes. The tubes were centrifuged for 15 minutes at I2,000g,

after which the colourless, upper phase transferred to a clean tube and mixed with

l.67ml isopropanol, followed by incubation for 10 minutes at room temperature.

Finally, the tubes were centrifuged for 15 minutes at I2,000g, and the clear liquid was

drained leaving behind a small, white pellet. The pellet was air-dried for 10 minutes,

and dissolved in two volumes of 15¡rl sterile water, then transferred to a sterile 1.5m1

Eppendorf tube for storage. RNA concentration was quantified at 260nm using the

BioRad SmartSpec 3000 spectrometer. Samples were stored at -700C.

3.2.12. Agarose gel electrophoresis

A formaldehyde agarose gel (agarose, 10x MOPS,37yo formaldehyde solution) was

made to contain 6 wells on the left side and 6 wells in the centre of the eel. The

50



Znglml TGF-P1 set of RNA samples were loaded in the left wells, starting from the

control sample (znglml-C) in the uppermost well, and ending with the 24-hour treated

sample (2nglml-24hr) in the bottom well. The Sng/ml TGF-PI set of RNA samples

were loaded in the centre wells, with the control (sng/ml-C) at the top, and the 24-

hour treated sample (5nglml-24hr) at the bottom. To load samples, each RNA sample

was thawed on ice, and 15ng of each were placed in separate tubes containing 17pl of

formaldehyde loading buffer (0.2m1 0 5M EDT A, O.lyo (w/v) bromphenol blue, 0.1olo

(w/v) xylene cyanol, 10ml formamide). The samples were incubated at 600C in a

water bath for 20 minutes, then briefly centrifuged, and loaded onto a formaldehyde

agarose gel as described. The gel was then completely covered with 1x MOPS buffer

(0.2M MOPS sodium salt, 100nM acetate, 10nM Na2EDTA, then diluted 10x with

ddHzO), and 100V was applied through the electrophoresis tank for 2 hours, until the

18S and 28S rRNA bands were sufficiently separated. The separation of bands was

determined by interrupting the electrophoresis process and visualising the gel under a

short-wave UV lamp. Once separation was judged to be sufficient, the gel was then

photographed under UV light using a Polaroid camera.

3.2.13. RNA membrane transfer

To transfer the separated RNA from the agarose gel to a nylon membrane, a plastic

tank was filled with 300m1 of 10X SSC solution (175.39 NaCl, 88.29 Na-citrate,

diluted 2x in HzO), and a glass bridge with a rectangular piece of Whatman filter

paper (Maidstone, UK) was placed on top of the tank, such that the filter paper

extended into the solution in the tank at both ends. The gel was carefully placed onto
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the centre of the bridge with the wells facing down, and a nylon membrane (Zeta

Probe GT Genomic Tested Blotting Membrane, Hercules, CA) was placed on the

topside of the gel, taking care to eliminate air bubbles. Two more pieces of filter

paper that completely covered the gel were placed on top the membrane, and the

contraption was soaked with 10x SSC solution. The sides and edges of the gel that

did not make contact with the membrane were covered with plastic foil to prevent the

sideward movement of RNA. Finally, alarge wad of paper towels and a small 500m1

bottle were placed over the gel construct, and left overnight to allow the transfer of

the RNA to the membrane to take place. The following day, the membrane was

baked for 2 minutes at 150mJ in the GS Genelinker IfV Chamber crosslinker

(BioRad, Hercules, CA) to attach the RNA permanently to the membrane.

3.2.14. ttP Hybridisation

To reduce non-specific binding, the membrane was incubated at 420C for 3 hours in

10ml hybridisation buffer (5x SSC, 5x Denhardt's solution, 50o/o (wiv) deionised

formamide, 7% SDS, and 100pg/ml denatured sheared salmon sperm (from Life

Technologies, Rockville, MA). The cloned Smadl cDNA described in Section 3.2.1,

was used as a probe to detect Smadl mRNA on the membrane. For this purpose, the

cDNA had to be radioactively labelled. This was accomplished by mixing 200ng of

the cDNA probe in 11¡rl ddH2O in a l.5mg Eppendorf tube, boiling for 5 minutes in a

water bath to denature the cDN{ and immediately placing it on ice to prevent

renaturation. To the tube contents were added 4.5pI Oligolabelling buffer solution

("OLB solution" used in random labelling reaction; available commercially and
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mixed with Pd(N)6 oligonucleotide in a 2.1 ratio (Amersham Pharmacia Biotech

AB), 0.5¡rl (<i unit) of Klenow (large fragment of DNA polymerase I, 100U,

GibcoBRL, Gaithersburg, MD), and 3pl of the radioactive 32p dcrp isotope (ICN

Radiochemicals, Costa Mesa, CA). The solution was incubated for 2 hours at room

temperature to allow for the incorporation of the isotope, then passed through a G-50

Sephadex NICK column (G-50 DNA grade, Amersham Pharmacia Biotech AB,

Uppsala, Sweden) that had been previously washed with 4ml TE pH 8. Two volumes

of 500¡rl TE buffer were passed through the column, and the two fractions were

collected in separate tubes. The second fraction, containing the radioactive Smadt

oDNA probe, was boiled for 5 minutes in a hot water bath, immediately placed on ice,

then added to the hybridisation tube containing the membrane and hybridisation

buffer, and left overnight at 420C, while the tube was being continuously rotated.

Following hybridisation, the membrane was washed twice at room temperature with

65ml ofthe 1't wash solution (2x SSC, 0.1% SDS, for 5 and 15 minutes), followed by

washing at 420C with two volumes of 65ml of the 2nd wash solution (0.5x SSC, 0.1%

SDS, for 5 minutes and 15 minutes). The membrane was wrapped in plastic foil and

placed in an autoradiography cassette. To visualize, a Kodak X-OMAT Scientific

film (Sigma, St. Louis, MO) was placed above the membrane, the cassette closed and

placed for 30 minutes at -700C. The film was developed, and new film was placed in

the cassette and developed at different time intervals, until a suflîciently strong

image, free from background distortion could be obtained. To correct for

inconsistencies in the amount of RNA loading onto the formaldehyde gel, as well as
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sample degradation, a control using an 18S rRNA probe (obtained from the lab, and

radioactively labelled as described above) was used. To this end, the membrane had

to be stripped of the Smadl probe by placing it twice in a tank at 650C in 300m1 of

boiling RNA stripping buffer (0.1x SSC, 0 5%SDS) for 20 minutes. The membrane

was treated as before, but with the 18S rRNA probe in place of the Smadi cDNA

probe.

3.2.15. Computer Analysis

To determine the effect of 2nglml and 5ng/ml TGF-ß1 on Smadl mRNA levels with

time, the X-ray film was scanned into a Power Macintosh computer using the FIP

6100 C high-resolution scanner. The densitometric values obtained from Smadl

mRNA and the 18S rRNA bands were determined by the NIH-Image computer-

imaging program. A filter was employed to subtract background noise. Calculated

values were expressed as a graph of expression intensity of Smadl mRNA against

hours of incubation with TGF-ßI.

3.3. Clonine of the rat Smadl Promoter

3.3.1. Genome Walker PCR theory

To clone the promoter of the rat Smadl gene, use was made of the "Genome Walker

Kit" (Clontech Laboratories, Palo Alto, CA). The kit contains four tubes, each

containing genomic rat DNA treated with one of four restriction enzymes" EcoRV,

DraI, SspI, and PvuII (the DNA "libraries"), to which a unique adaptor had been

ligated to the 5'- and 3'-of the cleaved DNA fragments (Figure 6). The adaptor intro-
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duces a known priming site on unknown genomic DNA sequences. To clone

unknown promoter sequences, PCR is used to "walk" towards the S'-end, by using

the API I 
^PZ 

adaptor primers supplied in the kit, and user-designed primers. The

protocol calls for two amplifications per DNA library: the primary PCR reaction uses

the outer adaptor primer AP1, and the user specified gene- specifïc primer (GSPI).

The primary PCR product is diluted, and a secondary, nested PCR is performed using

the inner, adaptor primer AP2, and a nested, user-specified, gene-specific primer

(GSP2). Both gene-specific primers were designed by using the published Smadl

cDNA sequence as a template (GenBank Accession Number U66478). The resulting

PCR fragments can be cloned and analysed for novel sequences.

PCR is performed simultaneously with all four genomic DNA libraries, along with

positive and negative controls. Positive controls make use of any one of the four

libraries, and the supplied primer mix to produce a fragment of known size. Positive

controls when analysed on an agarose / EtBr gel should give a fragment length of

1.5kb fortheEcoRVlibrary; 12kb forDraI,0.7kb forPvuII, and 1.0kb forthe SspI

library.

3.3.2. Primer design

Primers were designed according to recommended parameters in the Genome Walker

kit user manual. Conditions for optimal primers design call for a primer length of 25

- 28 nucleotides, a GC content of 40 -6oyo, and a T- > 670 C. Two primers were

designed using the Oligo Primer Analysis Software (Version 5.1, National
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Figure 6: Structure of the 6(Genome Walker" adaptor and adaptor primers

GenomeWalker Adaptor Stf l

Mtu I Sal SmellXn{
5'-GTAATACGACTCACTATAG G G cnce cereercc'acG G ccCG G G cTGGT-3'

3'-HzN-CCCGAC CA-P0.-5'

Adaptor Primer 1 (APl; Z}-merl Nested Adaptor Primer Z (APZ; 1 g-mer)

5'-G TAATACGACTCACTATAG G G C_3' 5'_ACTATAGGG CACG CGTGGT-3

Figure 6: Structure of the Genome lI/alker adaptor and adaptor primers.
The adaptor has been ligated to both ends of the genomic DNA fragments in all four Genome
Walker "libraries" supplied in the kit. The amine group on the lower strand of the adaptor
blocks extension of the 3'-end of the adaptor-ligated genomic fragments, and thus prevents
formation of an API binding site on the general population of fragments. Adapted from the
Clontech Genome þTalker User Manual (PTI I I6-1, I I/10/1999, page 8),
< ht tp : //www. c I o nt e c h. c o n/t e c hinfo/ manual s / P D F / P T I I I 6 - I . p dþ
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Biosciences Inc, Plymouth, MN), and the published rat Smadl cDNA sequence as

the template (GenBank Accession Number U66478). The outer primer used in

conjunction with APl, was labelled GSP-24, and the nested primer used in

conjunction with AP2, labelled NGSP-14. Together AP1 / GSP-24 had an optimal

annealing temperature of 59.50 C, while the AP2 / NGSP-IA pair had an optimal

annealing temperature of 62.50 C. Primer sequences are given in Table 4

3.3.3. Polymerase Chain Reaction (PCR)

The Advantage Genome PCR kit (Clontech), which contains the Advantage Genome

Polymerase mix and all other reagents needed for PCR, was used for "Genome

Walking". Primary PCR reactions mixtures were made up in 200¡rL thin-walled PCR

tubes that contained 49¡tl of Master Mix (consisting of 37 8¡rl sterile water, 5pl 10x

TthPCR reaction buffer, 1¡rl 10mM dNTP, 2.2¡tl25nlNI Mg(OAc)2, 1¡rl 10¡rM API

primer, 1¡-rl 10pM GSP-245 1pl 50x Advantage Genomic Polymerase mix), and lpl

of one of the four DNA libraries. The four reaction tubes were labelled 14" 34, 44,

and 54" and contained the EcoRV, DraI, PvuII, and SspI DNA libraries, respectively.

A sixth tube, labelled 64, contained PCR-grade water instead of DNA, and

functioned as a negative control, while a seventh tube, labelled 7,\ contained the

positive control primer pair with either one of the four DNA libraries. PCR reactions

were performed on the Eppendorf Mastercycler (Brinkmann Instruments, Westbury,

NY). The cycling protocol is given in Table 5 The reaction mixture for nested PCR

was identical to that of primary PC\ but employed the primary PCR product as the
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Table 4: PCR primer design for amplifying the Smadl promoter region

NAME SEQUENCE START SITE

GSP-24

APl

NGSP-14

AP2

5'-TGC AAA GCC AAC AGA GAT TTC AG-3'

s'-GTA ATA CGA CTC ACT ATA GGG C-3'

s'-TTG GTC TTC GGT TCG GAA AGG TA-3'

s'-ACT ATA GGG CAC GCG TGG T-3'

23r

t95

t3

Table 4: The GSP-24 and API primers are used for primary PCR reactions. GSP-24 was
designed as a 23-mer, and has an annealing temperature 69.5'C, and a GC content of 43.5o/o.

The primer was designed at position 231 of the Smadl cDNA sequence. The supplied API
primer is 22bp in length, and had an annealing temperature of 59'C. Together the two
primers give an optimal PCR annealing temperature of 59.5"C, with a difference in Tm of
0.7" C as determined by the Oligo 5. l. Primer Analysis software.

The inner, nested primer NGSP-IA was designed as a 23-mer, having an optimal annealing
temperature of 77.20C, aGCcontentof 4T.SYo,andisidenticalwiththeratSmadl oDNA
sequence at position 195. APz is a l9-mer, with an optimal annealing temperature of 710C.
Optimal PCR annealing for the pair occurs aI62.5"C, with a difference of T* : 1.1'ç
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Table 5: Primary PCR reaction conditions for promoter cloning

NAME CYCLES DENATURATION ANNEALING / EXTENSION

1O PCR

)z

I

g4oC,25 seconds

g4oc,25 seconds

720C,4 minutes

650C, 4 minutes

650C, 4 minutes
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template for amplification. Each of the six primary PCR products was diluted 50x in

sterile PCR-grade water, and 3¡rl were used as a template for each reaction. Tubes

were labelled as 18, 38, 48, 58, 68, and 78, corresponding to the primary pcR

labelling scheme. PCR was performed on the Eppendorf Mastercycler. The cycling

protocol is given in Table 6.

3.3.4. Analysis of PCR products

8¡rl of the primary PCR reaction products were analysed on a I .5Yo agarose / EtBr

gel, while 5¡rl of the secondary PCR products were analysed on a I .2Yo agarose / EtBr

gel in TBE, along with lkb DNA ladder (Promega, Madison, wI). Each gel was

visualized under short-wave IfV light and photographed. If clearly separated bands

(no smears) were obtained for the primary PCR reaction, nested PCR was performed.

3.3.5. Subcloning and plasmid isolation

3¡^tl of each nested PCR reaction product were cloned into the Zero Blunt pCR-Blunt

II-ToPo plasmid vector (Invitrogen, Carlsbad, CA). The cloning procedure is

described in Section 3.2.4. For each PCR reaction three pre-warmed LB Agar -

kanamycin (sOpg/ml) plates were streaked with 20, 50, or r00pl E.Coli, and

incubated overnight at 370C. From the selective culture plates, 4 colonies from the

DraI library, 6 from the PvuII library, and 11 from the SspI library were cultured in

2ml of LB medium containing 50¡rg/ml kanamycin. After l1 hours, 1.5m1 from each

bacterial culture tube was used to isolate the plasmid-PcR vector using a minipreps

plasmid isolation procedure. The remaining tubes containing the 0.5m1 bacterial
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Table 6: Secondary PCR reaction conditions for promoter cloning

NAME CYCLES DENATURATION ANNEALING i EXTENSION

20 PCR 5

22

I

g4oC,25 seconrds

g4oC,25 seconds

720C,4 minutes

670C,4 minutes

670C,4 minutes
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cultures were stored at 40C for potential use in large-scale cloning The isolated

plasmid-PCR vector was quantified at 260nm using the BioRad SmartSpec 3000

spectrometer.

3.3.6. Restriction enzyme analysis of cloned PCR products

Once plasmids were isolated, a restriction enzyme digest for each isolated plasmid

was done to ensure that identical and unique products in each DNA library could be

identified. The restriction enzyme EcoR[ was used. The restriction enzyme digest

set-up is described in Section 3.2.5. Ten microlitres were analysed on a I .2Yo agarose

/ EtBr gel, and visualized under short-wave UV light.

3.3.7. Large-scale cloning reactions

Based on the analysis of the small-scale culture described in Section 3.3.6, frve

products were chosen for large-scale cloning and further analysis: one product from

the DraI library was labelled 34 two products from the PvUII library (#1 and #6)

were labelled 5-1 and 5-6, and two products from the SspI library (#1 and #3) were

labelled 3-1 and 3-3. All five were cloned on a large scale by placing the stored

0.5m1 bacterial culture into five media flasks containins 150m1 LB broth with

5O¡rg/ml kanamycin in a shaker at 37oC overnight. Plasmids were isolated the

following day using the commercial Maxi / Midi plasmid isolation kit (Qiagen,

Valencia, CA). Concentrations of each were determined using the BioRad SmartSpec

3000 spectrophotometer. All plasmids were stored at _200C.
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A restriction enzyme digest was set up using EcoRI and AvaI restriction enzymes

(both from Promega, Madison, WI) to determine that each plasmid obtained was in

factthat identical to that of the small-scale culture. Details of the restriction enzyme

digest method are described in Section 3.2.5. Restriction enzyme products were

analysed on a 1 .2o/o agarose / EtBr gel. Based on the results of the restriction enzyme

digest, three plasmids were submitted for sequencing. 3A (DraI), 3-1 (SspI), and 5-l

(PwII)

3.3.8. Sequencing

The Ml3F (-20) and M13R (-20) primers (Table 7) supplied with the Zero Blunt

pCR-Blunt II-TOPO plasmid kit were used to sequence the 5'- and 3'- ends of each

of the three PCR - plasmid products (34, 3-1, and 5-1) Priming sites for these two

primers exist close to the cloning site of the vector, thus allowing for sequencing of

the 5'-and 3'- ends of the cloned PCR product. The sequencing reaction set-up is

described in Section 3.2.7. Tubes were labelled as 3lR, 3lF, 51R, 51F, 3AR" 3AF,

where R and F represent the position of the primer (R: Ml3 Reverse primer, F:

M13 Forward primer).

Primers used for sequencing the full-length of the cloned promoter are described in

TableT, and were designed using the OLIGO 5.1 primer software. Primers were

designed such that the sequences obtained would overlap with new sequences that

were submitted. Primers were supplied by GibcoBRL, and were prepared for the

sequencing reaction as described in Section3.2.7 .
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Table 7: Sequencing primers for the rat Smadl promoter region

NAME SEQI-TENCE

M13R (-20)

Ml3F (-20)

B1

B2

B3

B4

s'-CAG GAA ACA GCT ATG AC-3'

s'-GTA AAA CGA CGG CCA G-3'

5'- CGG GCT GGT ATT TCA TCT CTA -3'

5'- ACG TCG AGT TGC CTG CCC TGG -3'

5'- TGT CGG CTC CTG TGT ATC AGT C -3'

5'. GGA TTC TGT GCC CGA AAC ACT C .3'
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3.3.9. Analysis of the promoter sequence

The putative promoter sequence was constructed from overlapping sequences using

the GeneJockey Sequence Processor (Biosoft, Cambridge, UK) computer software.

The sequences were aligned against the known rat Smadl cDNA sequence (GenBank

Accession Number U66478), to identify novel sequences, as well as against each

other to identify overlapping regions. A putative promoter region was constructed.
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IV. R.ESULTS

4.1. PCR analvsis of Smadl expression durine activation of HSC

To demonstrate a relationship between Smadl and the transformation of HSC into

MFBL cells, changes in Smadl mRNA expression were determined before and after

HSC transformation. A reverse transcriptase polymerase chain reaction (RT-PCR)

was performed on RNA extracted from rat HSC that had been cultured for 1, 3, and 9

days. HSC are completely undifferentiated at day 1, show a change in morphology

typical of MFBL cells at day 6, are and completely transformed at day 9 By

measuring the level of Smadl mRNA at day 3, it can be determined whether

increased Smadl transcription is an event that precedes the transformation of HSC,

and therefore whether it is an initiating factor in cell transformation.

The reverse RT-PCR method involves two stages; in the frrst, RNA is reversely

transcribed into single-stranded cDNA by AMV reverse transcriptase. Random

hexamer primers allow the entire population of mRNA molecules to be converted into

single-stranded cDNA. In the second stage" gene-specific primers are used to prime

the single-stranded cDNA by conventional PCR in order to obtain double-stranded

cDNA molecules.

The experiment was designed to be semi-quantitative. Total RNA would be isolated

from primary HSC cultures. l't strand synthesis would be performed to obtain the

pool of single-stranded DNA. Equal amounts of single-stranded cDNA would be

used in PCR with Smadl specific primers. Equal amounts of the PCR products are
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analysed on an agarose / EtBr electrophoresis gel, and visualized under UV light

The gel would be photographed, and the expression of Smadl PCR products

quantified by computer-imaging. To ensure consistency in the amount of single-

stranded cDNA used in the PCR reaction, controls would be employed using the

housekeeping enzyme glyceraldehyde 3-phosphate dehydrogenase (G3pDH)

G3PDH has been shown to be present in equal amounts in most cell types of the

body, including HSC. By performing PCR on 1'r strand cDNA using G3PDH

primers, and analysing the products by electrophoresis, obtaining equal amounts of

G3PDH in each of the samples would suggest that equal amounts of single-stranded

cDNA had been available for each PCR reaction, making a comparison among

Smadl cDNA levels possible.

4.1.1. RT-PCR for Smadl expression in IISC

Figure 7 shows the RT-PCR results for Smadl cDNA and G3PDH for Pl, P3, and P9.

The gel reveals a PCR fragment in each lane of approximately l000bp, which

represents the G3PDH control, and a second, longer fragment of approximately

I625bp, which is the Smadl cDNA product. When scanned for intensity of

expression, the G3PDH control shows approximately equal intensity for P3 and P9

(9234 and 9312 units respectively), while a lower intensity of 7590 units is observed

for Pl. The depressed value in P1 indicates that less the single-strand cDNA was

available for PCR than in samoles P3 and P9.

To correct for the lower Pl value, additional PCR reactions were performed to
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Figure 7: RT-PCR products for Smadl and G3PDÍI

lQa
rqb
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Figure z¿; RT-PCR results for Smadl and G3PDH in samples P3 and p9. Smadl
product at l625bp; G3PDH product at 1000bp. Legend: Pl: RNA extract from primary
culture HSC after I day; P3: RNA extract from primary culture HSC after 3 days cell culture;
P9: RNA extract from primary culture HSC after 9 days of cell culture. HSC are completely
transformed into MFBL cell at day 9; the differentiation point at which cells start to undergo
a change in morphology to resemble MFBL cells is day 6.

Figure 7ó: RT-PCR results for Smadl and G3PDH in sample Pl. Screening for Smadl
and G3PDH. Legend: Lane l: lkb DNA ladder; lane 2: smadl product; lane 3: G3pDH
control.
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achieve an intensity of G3PDH close to P3 and P9 values. The intensity of G3PDH

in P1, when corrected for background noise is 9590 units, which is in the range of P3

and P9. Results of the intensity of expression of G3PDH and Smadl cDNA for all

three samples are given in Table 8

Figure 8 shows a plot of the expression of Smad I cDNA against the number of days

of HSC incubation. Expression values were corrected by dividing the absolute

expression of Smadl cDNA against the expression of the G3PDH control. An

increase in Smadl mRNA expression is observed at day 3.

4.2. The clonine of rat Smadl cDNA and the analysis of Smadl in

The PCR cloning of Smudl

Rat Smadl cDNA was cloned to aid in the analysis of Smadl mRNA in HSC. To

clone Smad1, the polymerase chain reaction (PCR) was employed, as this procedure

allows for the amplification of high quality cDNA in the shortest time span. To clone

the desired sequence, rat-brain and rat-liver Marathon cDNA (both from Clontech

Laboratories, Palo Alto, CA) were chosen as the template for the PCR reaction. Rat

DNA was chosen over human DNA as the template of choice, since subsequent

experiments make use exclusively of HSC that have been isolated from rat livers.

The region to be cloned was chosen to encompass the open reading frame (ORF) of

the Smadl cDNA sequence published in GenBank under Accession Number IJ66478

(<http://www.ncbi.nlm.nih.gov>) The ORF was determined by using the
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Table 8: Intensity of expression of Smadl and G3PDH cDNA as determined bv
RT-PCR in HSC

ma ex ressron In he te ce
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(Absôlute; vâlùesl:: : :

9590 9234 9312

Smäd.l../'.'
c¡PÐul. 0.34 1.03 1.07

d1-G3PDH tic stella lls

Table 8: Expression of Smadl cDNA in hepatic stellate cells, as determined by the intensity
of bands on an agarose gel loaded with equal amounts of the PCR product. Pl: primary
culture HSC at day 1; P3: primary culture HSC at day 3; P9: primary culture HSC at day 9.
Units are arbitrary.
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Figure 8: RT-PCR expression of Smadl cDNA in HSC

Change in Smadl cDNA expression with time Ín
spontaneously differ.entiating HSC
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tr Smadl/G3PDH

Days

Fígure 8.. RT-PCR expression of Smadl cDNA in HSC cell extract. Day 1: completely
undifferentiated HSC, day 3: a rapid increase in Smadl mRNA is observed. It can be infered
that the increase in Smadl transcription is an initiating event for the transformation into
MFBL cells; day 9: HSC that have been completely transformed into MFBL cells show a
steady expression of Smadl.
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GeneJockey computer software (Biosoft, Cambridge, I-IK), and consists of the largest,

continuous fragment extending from position 316 to 1722 of the published sequence.

Using the known rat Smadl oDNA sequence, two gene-speciflrc primers were

designed to encompass a region ranging from 179 - 1804.

The PCR reaction was followed by the small-scale cloning of the PCR product in a

bacterial vector, and restriction enzyme analysis of isolated plasmids to identify

ligated PCR products representative of Smadl in size and orientation. Ãn EcoRI

digest allows for the complete excision of the Smadl PCR product from the vector,

and the identifrcation of false-positives. The two EcoR[ restriction sites are located at

positions -11, and +7 from the cloning site of the vector, while the cloned Smadl

cDNA does not contain EcoRI restriction sites. A, SacI digest, on the other hand,

allows for the distinction of sense- and anti-sense cloned PCR products. Since the

pCR-Blunt II-TOPO vector employed contains blunt ends, it would not allow for the

distinction between the 5'- and 3'- ends of the PCR product, which can orient itself in

either in the forward (sense) or backward (anti-sense) position. SqcI cleaves the

Smadl product at one known site only, and an analysis of the size of the fragments

obtained from the digest would allow for the identification of orientation. Once

appropriate vector products were identified, a large-scale cloning reaction and

verification procedure were carried out, and the products were submitted for full-

length sequencing.

4.2.1. Analysis of PCR products
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The Smadl PCR product, when loaded onto a 1.2Yo agarose / EtBr gel and

photographed under short-wave UV light, shows a single band of approximately

1636bp in length, as determined by DNA size-markers (Figure 9). The fragment

length is in agreement with the theoretically expected PCR lenEh of 1625bp.

4.2.2. Analysis of plasmids containing the Smadl insert by EcoRI and SacI

Figure 10 shows a photograph of a I.2%o agarose / EtBr gel visualized under short

wave UV light, and containing 10¡rl of the Ecokl digested recombinant plasmid in

each lane. Lane 1 shows that the undigested vector-Smadl recombinant plasmid

exceeds 3000bp (theoretical length of the construct is 5144bp), while lanes 2 - 1l

shows ten samples which all contain the expected Smadl fragment at l636bp The

second, larger fragment at >3000bp is the remainder of the pCR-Blunt II-TOPO

vector, which has a size of 3 5 I 9bp.

Figure 11 shows the results from the,Saclrestriction digest. l0¡rl of each of the ten

restriction samples were loaded onto a l.2Yo / EtBr gel and visualized under UV light.

The SacI restriction site exists in the vector at the -20 position from the 5'-end of the

cloning site, and in the cloned Smadl product at position 1156 of the published

sequence. The PCR product (1625bp) and the vector (3519bp) give a construct of

total length of 5144bp. Plasmids that contain Smadl inserted in the sense

orientation, when digested by SacI, should give two fragments, one totallingggTbp in

lenglh (20bp vector + 977bp Smadl), and the other totalling 4l47bp (5144 - 997).

Products in lanes 2, 6,8, 10, and 12 in Figure 11 match this prediction. For products
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Figure 9: Agarose gel of Smadl PCR product
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Smadl PCR product. Lane l: lkb DNA ladder; lane 2: Smadl PCRFigure 9: Rat
fragment.
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Figure l0z EcoRI restriction enzyme analysis for the small-scale Smadl cloning
reaction

rvl ltroa6
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Fígure 10.' Products from the EcoRI restriction enzyme digest. The SmadI PCR product
was cloned into the Zero Blunt pCR-Blunt II-TOPO plasmid vector then excised by EcoN to
identify positive cloning products. Legend: Lanes "M": lkb DNA ladder; lane l: control,
undigested recombinant Smadl vector; lanes 2 - I l: fragment at l636bp represents the cloned
Smadl PCR product that had been ligated into the plasmid vector. The lane marked "X" is a
100bp DNA ladder.
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Figure llz SacI restriction enzyme analysis for the small-scale Smadl cloning
reaction
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Figure 11.' Products from the SacI restriction enzyme digest. The Smadl PCR product
was cloned into the Zero Blunt pCR-Blunt II-TOPO plasmid vector then excised by SacI to
identifu the orientation of ligation of the PCR product into the blunt vector. Two cleavage
products are possible depending on the direction of orientation. Legend: Lane "M": lkb
DNA ladder, lanes I and 7: undigested recombinant Smadl vector, lanes 2, 6, 8, 10, 12: the
fragment at approximately l000bp represents the remnants of the cloned Smadl PCR product
ligated in the sense-orientation. Lanes 3,4,5,9, and I l: anti-sense Smadl products.
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ligated in an anti-sense fashion, fragments of sizes 668bp (20 + 648bp Smadl) and

4l47bp (remainder of vector) are expected. Products in lanes 3, 4, 5,9, and l1 in

Figure 11 reveal this pattern.

4.2.3. Analysis of plasmids containing Smadl cDNA cloned on a large-scale

Bacterial colonies representing digests 2 and 6 in Figure 11 were chosen for large-

scale cloning. The large-scale cloning reaction was performed to obtain plasmids of

sufficient quality and concentration deemed necessary for sequencing, and for future

experiments. Figure 12 shows the EcoRI restriction enzyme analysis of isolated

plasmids of both bacterial colonies on a I .ZYo agarose / EtBr gel. Lanes I and 2 both

show a fragment of approximately 1636bp, which is the expected size for the Smadl

cDNA product (1625bp). The plasmid of product I was submitted for full-length

sequencing.

4.2.4Rlat Smadl cDNA sequencing results

The complete oDNA sequence of the cloned rat Smadl cDNA product is shown in

Figure 13. The sequence was constructed from overlapping fragments, and was

checked for accuracy by the use of overlapping primers, sequencing of cDNA

templates from both cloned products described in Section 4.2.3, and by sequencing

each DNA fragment two or more times. Figure 14 shows the protein sequence of

ORF "RF 1" translated from the nucleotide sequence using the GeneJockey analysis

tool. When aligned against the published rat Smadl cDNA sequence (GenBank

Accession Number U66478), six differences in nucleotides are observed (Figure l5).
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Figure 12: EcoRI restriction enzyme analysis for the large-scale Smadl cloning
reaction
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Figure I2: EcoRI digest of Smadl product ligated into the Zero Blunt pCR-Blunt II-
TOPO plasmid vector. Legend: Lane "M": Ikb DNA ladder; lanes 2 and 3: fragment at
approximately l635bp represents the excised Smadl PCR product.
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Figure 13: Nucleotide sequence of cloned rat Smadl cDNA
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GCCATCATGA AqIAAAC'CCT CITGGAATGCT GCGAGTrcCC
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CCCCGTTçTC CCACCI-GTGC TC€TrcCGAG GCACAGCGAG
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CCCGTTrcCC CAGTCCCCCA ACAGCAGCTA CCCCAACTC'f
CCAC"CAGCAC CTACCCICAC TCCCCGACCA GCTCÀGACCC
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TGÃACCATGG GTrcGAGACA GTGTATGAAC TCACCA.A.A.AT

^^ln¡|ìmn^j/.h 
¡ffi¡lnnn^^õ ffiõ^^^^^^ 

^^^ñ^^^^ ^^V\.æ¡W\&I IUUIW LIffiU SUfåUSLU

CACTAGCACC CCCTGCTGGA TIGAGATACA CCTGCATGGC
GGCTC€A'TAÀ AGTCCTIACC CAGATC.GGTT CC.CCCCACAA
rcC.GTGTCTI AAAC.GCCCrc C.C,STICTGTC TCTTGCAAAC
TC"CAG:TACTI GAAGGACGGA C.AAGTCAGAC AGCAATGGGC,A
AGCCìGTGATA qIÌTGACqTCT qIçACC.AACC GTTGGATGGA
GGCCTTC'GTA ACAAGCTçT.I GATATCAAGA ACCCGCTIAG
GACATTCTGT TGTAA.A.ArcA AqIAAÃATGC TGASflTfl|AG
TCAATAGTIA C.AAAAGAGAT GGCCåAC'CCA GGC.GCÀAATI
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Figure 14: Open-reading frame and translated sequence of cloned rat Smadl
cDNA

I DIG, length
40 50

Ì(r -L

RF2

-f(tr J

RF4

t(l. )

l(r o

-å --+*
J

Ë--- (--

-+
_-*

-+
ts--

(-

rat Smadl- cl-oned
1

101
r5 t_

z5L
3 0r_

401
ll C,1

seq translated from 3l_6
}ß]\ITSLFSFT SPAVKRLTÆW
LHGLSCPGQ PSNCVTIPR,S
Htr.KPLECCE FPFGSKQKEV
SLLAQFRNI.G QNEPHMPLIüA
STYPHS TSS DPGSPFQMPA
AI{TLPAEINR GDVQA\TAYEE
GFITDPSIINKN RFCIÆLLSNV
LSDSSIFVQS RNCbIYI{HGF'H
HGF'E[\¡YS,T KMCTIR¡4SFV
DI{\ILTQMGSP HNPISSVS.

to L722
KQGDEEKI'TTA
I,DGRI,QVSHR
CI}{PYHYI(RV
T5'PDSFQQPH
DTPPPAYLPP
PKIMCSI\¡TY
NRNSTI$ITR
E{TN/CKIPSG
KC^¡GAEY}R.a

EKAVDALVKK
KGLPI{\ftYCR
ESPVLPPVLV
SHPFPQSPNS
EDPMAQDGSQ
EIjIüüRVGEAF
RHTGKGVHLY
CSLKIFNNQE
T'\¡TSTPCVüIE

LKKKKGAMM
\ihIRWPDLQSH
PRHSEYNPQH
SYPNSPGSSS
PMryTN}fN\iMI
TIASSTSVLVD
YVGGEVYAEC
FAQLI,AQSVN
IHLHGPISWL

80



Figure 15: Alignment of the published Smadl nucleotide sequence (top) against
the cloned sequence (bottom)
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observed changes areat positions 868 (C instead of G), 875 (C instead of A), 11g0

(Ginstead of c), 1181 (C instead of G), 1398 (Ginstead of A), and1532 (T insread

of A), over the published sequence. None of these changes however, introduce a stop

codon. The longest protein open-reading frame (RF-1, Figure 14) has a start /stop site

at position 316 I 1722, totalling 1406bp nucleotides in length, and encodes for a

protein of 468 amino acids with a calculated molecular weight of 52kDa. This data is

in accordance with the published sequence. The amino acid substitutions in RF-l are

illustrated in Figure 16, in which the translated published sequence is aligned against

the translated cloned sequence.

The unalysis of SmødI in hepøtic stelløte cells

The analysis of Smad expression in HSC attempts to study how the Smads regulate

themselves. The experiment aims to study the effects of different concentrations of

TGF-P1 on Smadl mRNA expression, as well as its effect over a 24-hour period. For

this purpose, the cultures of freshly isolated rat HSC are induced with 2nglml and

5ngiml of the TGF-Pi in serum-free medium. Ã 24-hour incubation period was

chosen to study the effects of TGF-p1, since the viability of cells in the absence of

serum-containing medium could not be guaranteed. In addition, mRNA synthesis and

degradation typically occurs over a short time span, and a24-hour period was deemed

to be suffrcient for the study of Smadl mRNA expression in this experiment. Smadl

mRNA expression was measured by Northern blotting, which involves transferring

RNA to a synthetic membrane, and detection of the RNA of interest with a

radioactive, single-stranded, complementary DNA probe. The Smadl cDNA clone

85



Figure 16: The amino acid sequence of the published, translated RF I (top)
aligned against the cloned, translated RFl (bottom)
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described in Section 4.2.2 was radioactively labelled, and used as the probe. In

addition, a control was performed to measure 18S rRNA, in order to able to correct

for potential errors in sample loading and concentration, thus enabling a comparison

of the differences in expression of Smadl mRNA among samples.

4.2.5. Northern blot agarose gel electrophoresis

The agarose / EtBr gel shows a clear separation of the 18S and 28S bands for both the

Znf,ml (left) and 5ng/ml samples (centre) (Figure 17), which is indication of

sufficient sample separation for analysis of the mRNA of interest. The 5ng/ml

samples show clean bands with no sample degradation. Since the Znglml samples are

obstructed by excess EtBr, it was unclear at this stage whether these samples were of

sufficient quality for Northern blot analysis.

4.2.6. Northern blot visualization

The results of the transfer of the RNA to a membrane, its subsequent probing with the

18S rRNA and the Smadl probe, and its visualization by autoradiography on an X-

ray film, are shown in Figures 18 and 19. The exposure of the membrane to a film

was performed numerous times to obtain the best image / background noise ratio, and

to properly visualize the 18S rRNA and the Smadl mRNA labelled samples. The

images used were of sufficient intensity to allow for semi-quantitative analysis.

4.2.7. Analysis of Smadl mRNIA and l8S rRNA expression

The intensity of expression of each band on the X-ray film was determined by the
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Figure 17: Agarose gel electrophoresis of RN.A, isolated frorn hepatic stellate cells
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Figure 1Z l8S and 2BS bands for both the Zng/ml (left) and 5ng/ml TGF-P I treated samples
(right). C: control: l:l hour TGF-pl treated sample; 3 :3 hours TGF-BI treated:6:6
hours; 12 = 12 hours; 24 :21hours TGF-ß t treated sample.
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Figure 18: Autoradiography of TGF-p1 treated HSC using t8S rRNA as a probe
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Figure I8: Dark bands show regions of high l8S rRNA concentration. 2nglrnl-TGF-Bl-
induced samples are shown the left side of the membrane, and 5ng/ml-induced samples are irr
the centre. The order of sample loading from top to bottom is: control, l-hour TGF-PI
treated. 3-hour. 6-hour. I 2-hours. 24-hour treated cells.
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Figure 19: Autoradiography of TGF-Þl treated HSC using Smadl cDNA as a
probe
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Figure 19: Dark bands show regions of high Smadl mRNA concentration. 2nglml-TcF-p-
induced samples are shown the left side of the membrane, and Sng/ml-induced samples are in
the centre. The order of sample loading from top to bottom are control, l-hour TGF-pl
treated, 3-hour, 6-hour, l2-hours, 24-hour treated cells.
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Table 9: Intensity of expression of Smadl mRNA and 18S rRi\A in TGF-BI
treated HSC

18S rRNA control

Côn'iio.l 6hrs tr:zh.rs: 24hns

2nømirfGF=ßr... IO7T7 8282 3557 9438 13273 t3820
Snøml..TGn-ßt 15557 157t2 16795 14771 12387 10854

Smadl mRNA

ii , ,.......Timê
lCn':ßt,ConC

Cbntrol i:huüri 6 hrs t2rhrñ

2ndml:TGF¡ßf 10383 6597 1759 7750 3635 10840

5hs/ml.,TGF-ß1 r2568 10343 8582 9245 8944 10780
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NIH-Image 1 61 imaging software, and is given in Table 9. To allow for possible

errors in the quantity of RNA sample loaded onto the gel, as well as for sample

degradation during the storage of samples and electrophoresis, the expression of

Smadl mRNA recorded on the film had to be corrected against the 18S rRNA control

sample. The corrected results are tabulated in Table 10 The corrected expression of

Smadl mRNA in TGF-8l-induced HSC for both2nglml and 5ng/ml treated samples

were plotted against the time of cell induction with TGF-p1. Plots are shown in

Fizure 20 and2l.

Both the 2nglml and Snglml TGF-ÊI groups show a decrease of Smadl RNA

expression after t hour, reaching a maximum depression after 3 hours. In both, there

is an increase in Smadl mRNA expression after 3 hours, to approximate control

levels at 24 hours.

4.3. Clonins of the rat Smadl Promoter

The goal of this section was to clone the 5'-flanking region of the rat Smadl gene.

The method selected for promoter cloning involves nested PCR, using commercial

genomic DNA that has ligated to its 5'-ends specific adaptor oligomers of known

sequence, thus enabling the cloning of the 5'- region by the use of adaptor specific

primers and the primers designed along the Smadl cDNA sequence. The rat was

chosen over the human as the species from which the 5'-flanking region was to be

identified, as the intent of the cloning and identifrcation of the Smadl promoter

region was to study its interaction in cells isolated from rats.
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Table 10: Corrected values for the intensity of Smadl mRllA expression in
TGF-p1 treated HSC

t hour ,,3,,hrs,,, f 
,,hrs ,2;4,his

097 0.80 0.49 0.82 0.27 078
SnsftnlrTGF.ßI 0.81 0.65 0 5l 0.62 0.72 1.00

Expressíon of Smødl mRNA:
expression of Smadl mRNA when exposed to x hours TGF-pt /

expression of 185 rRNAfor the søme sample
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Figure 20: change in smadl mRNA expression with time in HSC that were
treated with2ng/ml TGF- pl
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Figure 20: Changes ín Smadl mRNA expression in rat HSC. Control group: HSC that
were incubated for a period of 24 hours in serum-free DMEM without TGF-PI treatment.
Arbitrary units.

94



Figure 21: change in smadl mRNA expression with time in HSC that were
treated with Sng/ml TGF- ß1
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Figure 21: Chønges in Smadl mRNA expression ín rat HSC. Control group: HSC that
were incubated for a period of 24 hours in serum-free DMEM without TGF-pl treatment.
Arbitrary units.
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To clone the 5'-flanking region, primary and secondary PCR were performed on all

the four commercial genomic DNA templates. The products of the secondary PCR

were ligated into the Zero Blunt pCRII TOPO vector and cloned in E.Coli, followed

by analysis of the recombinant vector using the EcoRI restriction enzyme. While two

restriction sites for EcoRI exist at the - I 1 and +7 sites surrounding the cloning site of

the vector, it is not known if any restriction sites exist in the cloned PCR products.

Therefore, the purpose of the restriction enzyme digest was to identical plasmids

within each cloned DNA library. Large-scale cloning reactions were carried out for

all unique recombinant plasmids, and partial sequencing was performed at the 5'- and

3'-ends of the inserted PCR product, using the priming sites of the Zero Blunt vector.

From the initial partial sequences, identical PCR fragments could be identified, and

the longest, continuous PCR fragment could be submitted for full-length sequencing.

4.3.1. Analysis of primary and secondary PCR products

Primøry PCR

8¡rl of the primary PCR products were electrophoresed on a 1.5%o agarose / EtBr gel

in TBE buffer (Figure 22a). Several bands for each DNA library (EcoRV, DraI,

PvuII, SspI) were observed. The EcoRV library shows multiple, non-specific weak

bands, the DraI library a strong band at approximately I34 base-pairs, the PvuII

library reveals two strong bands at approximately 800 and 1100bp, and frnally the

SspI library shows two strong, closely spaced bands of a size larger than 1100, but

smaller than 1636bp. As expected, no PCR products were observed for the negative

control. The positive control, employing the EcoRV library, gave the expected

fragment at 1500bp.
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Figure 22: Smadl primary and secondary PCR promoter products
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Figure 22a: PCR products of the primary PCR reaction. Legend: lane"M": lkb DNA
ladder; lane l: EcoRV library; lane 2: DraI library; lane 3: Pvull library; lane 4: SspI library:
lane 5: negative control; lane 6: positive control.

Figure 22b: PCR products of the nested FCR reaction. Legend: lane "M": lkb DNA
ladder; lane l:EcoRV library; lane2 DraI library; lane 3: PvuII library; lane 4: SspI library;
lane 5: negative control; lane 6: positive control.
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Secondary PCR

Figure 22b shows the results when 5¡rl of each secondary PCR product were

subjected to electrophoresis on a 1 .2%o agaroseÆtBr gel in TBE buffer. The EcoRV

library shows weak bands of a non-specific nature. The DraI library gives one strong

band at 134 base pairs, PvuII one product of approximately 800bp, and SspI lshows

two strong, closely separated bands at approximately l100bp each. As expected, no

products were observed for the negative control. The positive control gave a 1 5kb

product.

4.3.2. Subcloning and plasmid isolation

Cloning the secondary PCR products into the Zero Blunt pCR-Blunt II-TOPO

plasmid vector in E.Coli was negative for the EcoRV product. Cloning of the

products of the remaining three DNA libraries proved successful. from these, 4

plasmids from the DraI library, 11 from the PvuII library, and 5 from the SspI colony

were isolated.

4.3.3. Small-scale restriction enzyme analysis of cloned PCR products

Figures 23 * 25 show the EcoRI restriction enzyme products. For the DraI library

(Figure 23), lanes I - 3 gave fragments of about l34bp, which corresponds its PCR

product in nested PCR. The PvuII library (Figure 24) reveals that 11 products contain

a fragment of approximately 800bp length. Figure 25 shows the resulting restriction

enzyme digest for the SspI library. Here all five lanes gave a fragment of the

expected size of approximately 1100bp.
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Figure 23: EcoRI restriction enzyme analysis for the DraI cloning reaction
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Figure 2-1.' Results of the EcoRI restriction enzyme digest for the DraI PCR. products.
The secondary PCR product of the Dral DNA "library" was cloned into the Zero Blunt pCR-
Blunt II-TOPO plasmid vector then excised by EcoRI to identify positive cloning products.
Legend:lane "M": lkb DNA ladder; Ianes I - 3: fragment at approximately l34bp represents
the cloned DNA PcR product; lane 4: unknown DNA product at approximately 500bp.
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Figure 25: Ecokl restriction enzyme analysis for the Ssptr cloning reaction
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Fígure 25: EcoRI restriction enzyme digest for the SspI PCR products. The secondary
PCR product of the SspI DNA "library" rvas cloned into the Zero Blunt pCR-Bh,rnt II-TOPO
plasmid vector then excised by- EcoRI to identifi,' positive cloning products. [,egend: lane
"M": lkb DNA ladder; lanes I - 5: fragment atapproximately ll00bp represents the cloned
DNA PCR product.
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4.3.4. Large-scale cloning and analysis

Five plasmids corresponding to the small-scale cultures were cloned on a large-scale.

From each, samples were taken for analysis by EcoRI and AvaI. Figure 26 shows the

gel from the EcoRI restriction digest for the PvuII and SspI samples. Lanes 3-i and

3-3 reveal a fragment of 1100bp, which is indicative of the cloned SspI product.

Similarly, lanes 5-1 and 5-2 show a fragment at 800bp, confrrming the PvuII PCR

product. Figure 27 shows the results of the AvaI restriction enzyme digest, which

confìrmed that the cloned products selected for further analysis were identical to each

other.

4.3.5. Partial sequencing

Three PCR products were submitted for partial sequencing. The sequences obtained

were aligned against the published rat Smadl cDNA sequence (GenBank Accession

Number IJ66478), using the GeneJockey Sequence Processor. All three products

were found to be identical at the 3'- end, but different at the 5'- ends due to the

differences in their lengths. For illustration, the following describes the alignment

results of DraI (34), SspI (3-1), and PwII (5-1) The full-length sequence is

described in Section 4.4.6.

5' end:

3AR: Aligns at positions 138 - 165 of Smadl. Total sequenced length of the product

is 493bp.

3-1R: Aligns at positions 138 - 204 of the rat Smadl gene. The total length of the

sequenced product is 599bp.
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Figure 262 EcoRI restriction enzyme analysis for the DraI and SspI large-scale
cloning reaction
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Figure 26: EcoRI restriction enzyme digest of the large-scale cloning reaction. Large-
scale cloning reaction from the bactenal cultures of the small-scale culture. 0.-5ml of the
remaining bacterial cultures rvere used to propagate the Zero Blunt pCR-Btunt II-TOPO
plasmid vector with the ligated PCR product on a large-scale. then excised bv Ecokl to
identifu cloned products. Legend: Lane "M" is the lkb DNA ladder. 3-1 and 3-3 are the
SspI plasmid products. The fragment at approximatell, l100bp is consistent rvith that
observed for the small-scale and nested PCR reaction; 5.1 and 5.6. shorv the Pvull plasmid
fragment at approximately 800bp, again consistent r.vith the obsen'ed product of nested PCR.
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Figure 27: AvaI restriction enzyme analysis for the DraX and Ssptr large-scale
cloning reaction
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Figure 27: AvaI restriction enzyme digest of the large-scale cloning reaction. Large-
scale cloning reaction from the bacterial cultures of the small-scale culture. 0.5m1 of the
remaining bacterial cultures rvere used to propagate The Zero Blunt pCR-Blunt II-TOPO
plasmid vector r.vith the ligated PCR product on a large-scale, then excised by AvaI to identifi
cloned products. Legend: Lane "M" is the lkb DNA ladder. 3-l and 3-3 are the Sspl
plasmid product. The three bands indicates that both products are identical to each other. 5.1

and 5.6. show fivo ider-rtical bands each. indicating that the PruII plasmids cloned are indeed
identical to each other.

M
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5-1R: Aligns at positions 138 - 204 of the rat Smadl gene. Total length of the

sequenced product is 600bp

3'-end:

3AR: No sequence information could be obtained.

3-lF: Perfect alignment at positions 138 -204 of the Smadl gene. The total length of

the sequenced product is 501bp.

5-lR: Perfect alignment at positions 138 - 204 of the Smadi gene. The total length

ofthe sequenced product is 493bp.

4.3.6. Full-length sequencin g

Based on the length of the nested PCR products, the longest clone (Sample 3-1, of the

SspI library) was submitted for sequencing with the appropriate primers. The full-

length sequence was obtained by aligning the sequenced fragments against each

other, as well as against the published Smadl oDNA sequence to remove duplicate

sequences. The total lengfh of the sequence is 1078bp long, and aligns at position

138 of Smadl cDNA. Figure 28 gives the sequence in full. Figure 29 shows the

predicted location of the sequenced product, along with the location of the other PCR

fragments from the Genome Walker libraries along the Smadl gene. Based on this

prediction, it is suggested that the cloned fragment represents part of intron I of the

rat Smadl gene.
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Figure 28: Full-length sequence of the cloned Smadl, gene fragment
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GTAGTTTCCT CTflIGACTCG TGGTTA.AAAT TATGGSTGTT TTCAACCCCA
TATIIAT5GTT GATGTCTTAG TTATACTA.AG GCCGAGGGGT CTTGGTTATT
ACCATruATT ATACGT'ITTAC ATGCAG.CTAC GTGCACAGAC GTCGAGTIGT
CTGCCCTGGT TGTTIGTrcA TTATC,GAGAC AC'c€rcrcTG GCTGACCTGA
GCTTGCTA.AT GAACTC€rcC AC'CCAGCAAG TIrcAGAGArc CGCCTGrc.CC
TTCrcAGAGT GGC€AGATAA GCACGGTCCG CÏCAGITGTC.G GCTCTGAGAA
CGGGACGAGT GCC CTCAC,C,C TTCTGANC.CA CTGAC,CC'C'GC rcCrcCACCC
ACACGAGCTT ArcCT5ClUU\ TGATT5TrcCT CTGrcACCAA .AAACCrcTGG
CTTTGCCGAT GAATTITC,Grc C,CAT'TTTTAC C,CTGTAGTCT rcTGTACCTG
reõîñMõM |.mmt|.m^^mõ õ^re¡.7mõõffi õAõõ^ñ¡.mmõ 
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GTGGTI'IAGC T"rcTÏruGCAG T"TÏIGITGCTT GGTATCTGTT C,C,C€CTTCrc
ACTTTCGTTI ACATATGAGG TGGTAATATG CAAATCAC'CC AAGTGGAT"IT
TTCTGTGCCC GAAACACTCG CATçACCTfl| GrcCAGGGCT TC.C.GTGCTGT
TC.GGAGCAAT CTATrcCCTT CCrcITGTAA AGCTGCCAAT CCTGTTGCCT
CAAGCCCCAC CCACCCTTAT AArcTAACTT AACCCTAGTG AGTTACT'TAG
AC,GCTCCAAG CCCAÂATACC AGrcC,GrcGC AGTC,GGTGCT CTçCCT'TTAA
CTC,GTGAACT TTAC,GAGAAC GTAGCTCAGT rcCTC,GTGrc ACÃGGACACA
AATGTTCATG AACrcAC,CAT C,C.C.GT5C'CTC rcT'AJ\TG;U\G TCACCGAATT
GGrcTAAGCC AAGCGTC.GAC CrcTACCACA C'CÆTCAGACT TAAGTAGTTA
GTACCTGGCA CGCACTAATT AGCTAAT5GT GACGCAGTTA GAGTAATT5T
ÀAATCAGCTT CTTGrcTTTT CTIrcGCA
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Figure 29: Alignment and prediction of the location of the cloned PCR
fragments along the rat Smadl gene
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V. DISCUSSION

In this study we attempted to examine Smadl transcriptional activity in hepatic

stellate cells. We examined the mRNA levels of Smadl under transforming condi-

tions, as well as under conditions that favour signalling through Smad2. In addition,

we have cloned the Smadl cDNA sequence in the rat, and attempted to elucidate part

of the 5'-flanking region in the same species. We suggest that Smadl plays a

significant role in HSC and it's transformation into MFBL cells, and is important in

cellular events that lead to fibrosis of the liver.

5.1. Examination of Smadl mRNA levels in rat hepatic stellate cells

The concentration of Smadi mRNA was examined in vitro HSC cultures. In these

cells, the transformation into the myofìbroblast-like phenotype is typically observed

after six days of culture, with complete transformation recorded after nine days.

While elevated levels of the Smadl protein has been observed in transforming cells,

as well as the localization of phospho-Smad1 in the nuclear and peri-nuclear region of

the cell [82], it is not known whether this increase is the result of increased

translational or transcriptional activity. To answer this question, an experiment was

designed to measure the concentration of Smadl transcriptional activity, as

determined by changes in Smadl mRNA levels, in primary cultures that were allowed

to mature for 1, 3, and 9 days prior to isolation of RNA. Cells at the 1 day stage are

completely untransformed, establishing a base-line from where to compare increases

in Smadl mRNA levels. Cells that are allowed to mature for 3 days can be construed

to be in the pre-differentiation stage, while cells cultivated for 9 days are completely
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transformed. Using the RT-PCR method, where total RNA of cells is converted to

cDNA by using the appropriate Smadl amplification primers, the transcription of

Smadl in hepatic stellate cells could be studying at various stages of the

transformation process.

The results of this study indicate that Smadl transcriptional activity is up-regulated in

cells that are preparing to undergo transformation, and that these levels remain high

after the transformation is complete. Using arbitrary, computer generated units of

expression intensity, Smadl levels increased from 0.34 at day 1 to 1 03 at day 3, and

remained artificially high at I07 at day 9. These results would suggest that the

transcription of Smadl might indeed be an initiating factor in the frbrotic response of

hepatic stellate cells.

5.2. Cloning of rat Smadl cDNA

As part of the study of the transcriptional activity of Smadl in rat HSC, Smadl cDNA

was cloned The sequence obtained was checked multiple times to ensure accuracy.

The sequence shows six nucleotide substitutions over the published Smadl cDNA

sequence available (GenBank Accession Number U66478). When analysed for open

reading frames, the longest, continuous frame remains at positions 316 to 1722 of the

published sequence, giving a protein of 468 amino acids in length, but with alanine

substituted in place proline at position 185, tyrosine in place of serine at position 187,

arginine instead of alanine at position 289, and glutamic acid instead of valine at

position 406. In both cloned and published sequences, the SSXS phosphorylation site
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that actives the Smad protein through the kinase activity of the type I receptor is

observed at the C-terminal of the protein, with the "X" amino acid being valine. The

significance of the amino acid substitutions, if any, is not known.

5.3. The effect of the TGF-PI cytokine on the expression of Smadl mRNA in rat

hepatic stellate cells

To further study the effect of Smadi transcriptional activity in HSC, Smadl mRNA

expression was studied under cell conditions that favour signalling by Smad2. The

TGF-ß signalling pathway controls Smad signalling through the nature of its ligands:

Smadl is activated by BMP ligands, whereas Smad2 is phosphorylated by TGF-p1

receptor binding. Since TGF-ß1 is believed to be a major fibrogenic activator, the

effect of this ligand on Smadl mRNA transcription was studied. The experiment was

conducted in a time and dose-dependent fashion where 2 and 5ng/ml TGF-P1 treated

cells were examined for Smadl mRNA expression over a time period of 24 hours.

Results show a steady decline for Smadl mRNA for both concentration groups, with

a maximum depression after 3 hours, followed by return to control levels by 24 hours.

No correlation could be made regarding the effect of different concentrations of TGF-

81. It would appear that the Smadl is initially down-regulated in the cell, suggesting

a cellular mechanism involving feedback inhibition designed to maximize signalling

events through Smad2. Experiments from our lab has shown that Smad4 levels

remain constant in pre- and post-transformed cells, hence the down-regulation of

Smadl could be explained to allow for favourable competitive binding of Smad2 with

Smad4.
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5.4. Cloning of the So-flanking region of the rat Smadl gene

The cloned PCR sequence of the rat Smadl gene was constructed from overlapping

sequences obtained from full-length sequencing. The sequence is 1078bp long, and

aligns at position I 3 8 of the Smad 1 sequence. This would suggest that positio n 137

represents boundary between exon 1 and intron 1 of the rat Smadl gene. The se-

quence obtained thus represents part of introni of the rat Smadl gene. Further PCR

and cloning is required to identify elements upstream of exon1. The identification of

intron i will be of assistance for cloning of the promoter region, and may allow for

future database searches to identify the rat Smadl promoter region from established

sequence tags (ESTs), and unordered sequences in the GenBank database.

5.5. Concluding remarks

A proposed model of Smad signalling in HSC using the existing data is proposed. In

this model, an increase in TGF-Bl causes Smad2 to act as a second messenger in me-

diating the cytokine effect, f,rrst by being phosphorylated by the cell surface receptor,

then by associating with Smad4 and translocating into the nucleus, where the

complex binds to DNA and causes the transcription of target genes. This is

accompanied by the binding of Smads to the SBE of the Smad7 promoter region,

causing Smad7 to be up-regulated, and the simultaneous binding of transcription

factors to Smadl causing its down-regulation. The down-regulation of Smadl

enables Smad2 to successfully compete for available Smad4, which has been shown

to remain at constant levels in HSC (unpublished results), while the up-regulation of

Smad7 mediates the negative feedback inhibition response that has been well-
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documented in the literature, whereby a progressive increases in SmadT blocks type I

receptor phosphorylation sites, inhibiting further signalling by Smad2, and bringing

the cell pathway to a halt.
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