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Abstract

Hepatocellular carcinoma (HCC) is the most commonly diagnosed form of liver cancer with high 

morbidity and mortality. Copy number variation analysis (CNV) of human HCC revealed that 

leukocyte specific protein-1 (LSP1) had the highest number of cases with CNV. LSP1, a F-actin 

binding protein, is expressed in hematopoietic cells and interacts with Kinase Suppressor of Ras 

(KSR), a scaffold for the ERK/MAPK pathway. The expression of LSP1 in liver and its role in 

normal hepatocellular function and carcinogenesis remains unknown. Therefore, LSP1 mRNA and 

protein levels were analyzed in normal hepatocytes in culture, rat liver following partial 

hepatectomy (PHx), and hepatoma cell lines. In culture and after PHx, LSP1 increased after the 

termination of hepatocyte proliferation. To investigate LSP1 function in HCC, shRNA was 

utilized to stably knock down LSP1 expression in the JM1 rat hepatoma cell line. Loss of LSP1 in 

JM1 cells resulted in dramatic upregulation of cyclin D1 and pERK2, increased cell proliferation 

and migration. Co-immunoprecipitation and immunofluoresence analysis displayed an interaction 

and co-localization between LSP1, KSR and F-actin in the JM1 cells and liver during 

regeneration. Conversely, expression of LSP1 in JM2 rat hepatoma cell line led to decreased 

proliferation. Enhanced expression of LSP1 in mouse hepatocytes during liver regeneration 

following injection of an LSP1 expression plasmid also led to decreased hepatocyte proliferation.

Conclusion—LSP1 is expressed in normal hepatocytes and liver following PHx after the 

termination of proliferation. In rat hepatoma cell lines and mouse liver in vivo, LSP1 functions as 

a negative regulator of proliferation and migration. Given the high frequency of LSP1 CNV in 

human HCC, LSP1 may be a novel target for diagnosis and treatment of HCC.
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Introduction

Hepatocellular carcinoma (HCC), the most common form of liver cancer, is characterized 

with high rates of mortality. The 5-year survival rate of individuals with HCC is relatively 

low at approximately 15%, which stems in part from the lack of effective treatment 

modalities. HCC is often resistant to current anticancer therapies and underlying diseases of 

the liver, such as cirrhosis, can limit the use of chemotherapeutic agents leading to increased 

lethality of HCC. An effective therapeutic alternative is surgical tumor resection; however 

this can only be implemented in patients with localized disease and liver transplant can only 
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be performed in patients that meet strict criteria (1). Since there is only a basic 

understanding of the molecular, cellular and environmental processes that lead to this 

disease and limited treatment options, additional studies must be conducted to gain a better 

understanding of the development and progression of HCC in order to develop novel 

therapeutic modalities to combat this lethal disease.

In a previous publication from our laboratory, copy number variation (CNV) analysis was 

performed on 98 human HCC samples. The results revealed a portion of the gene for 

leukocyte-specific protein (LSP1), an intracellular F-actin binding protein expressed in 

neutrophils, macrophages and endothelial cells, is deleted or amplified (in its carboxy-

terminal F-actin binding site) in a majority of HCCs evaluated (51 of 98 cases) (2, 3). All of 

the deletions and amplifications of LSP1 affected the C-terminal F-actin binding region, 

indicating alteration of this portion of the LSP1 gene may play an important role in the 

development or progression of HCC (2). There are no previous reports defining a role for 

LSP1 in the liver or establishing the expression of LSP1 in normal liver cells. Therefore, 

given the very high frequency of LSP1 CNV in human HCC, the expression and function of 

LSP1 in normal hepatocytes should be fully elucidated.

Previous studies have demonstrated that mice deficient in LSP1 display accelerated skin 

wound healing and that LSP1 functions to negatively regulate migration of neutrophils (4). 

LSP1 acts as a scaffold through KSR for the extracellular signal-regulated kinase/mitogen 

activated protein kinase pathway (ERK/MAPK) and targets proteins of this pathway to the 

actin cytoskeleton (5). Signaling through the ERK/MAPK pathways leads to a variety of 

cellular processes including migration, proliferation, differentiation, survival and is a key 

signaling pathway in the progression of proliferating hepatocytes through G1 phase of the 

cell cycle during liver regeneration (6). LSP1 specifically binds to Kinase Suppressor of Ras 

(KSR), a key regulator of cellular growth due to its function as a scaffold for MAPK and 

Raf kinase (7, 8). Therefore, loss of LSP1 function may remove suppressing effects on KSR 

and ERK/MAPK signaling, leading to aberrant hepatocyte proliferation and facilitation of 

HCC development. In the present study, we demonstrate that LSP1 is expressed in cultured 

hepatocytes and after the termination of proliferation. Further, the rat hepatoma cell line 

JM1 expresses LSP1 protein, which, through co-immunoprecipitation analysis, interacts 

with KSR and F-actin in these cells. Loss of LSP1 expression in the hepatoma cell line leads 

to increased migration and proliferation, suggesting that LSP1 acts as a negative regulator 

for these processes. Expression of LSP1 by suitable expression vectors both in vitro (JM2 rat 

hepatoma cell line) and in vivo (rat liver regeneration) leads to decreased proliferation. 

Therefore, loss of LSP1 expression and function could promote HCC development and 

metastasis.

Materials and Methods

See Supplemental Materials.
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Results

LSP1 is expressed in primary hepatocytes in culture

We demonstrate that LSP1 is expressed in primary rat hepatocytes in culture. (Figure 1A 

and B). Expression of LSP1 protein is not seen in the hepatocyte pellet after isolation by 

collagenase perfusion or on day 1 in culture but begins to be expressed starting on day 3 in 

culture and steadily increases to day 10 in culture (Figure 1A and B). The peak of 

hepatocyte proliferation occurs between days 2 and 4 in culture with growth factors HGF 

and EGF and after day 4 in culture proliferation starts to decrease (Supplemental Figure 1) 

(9). The correlation between LSP1 expression and decreased proliferation rates suggests that 

LSP1 is functioning at the termination stage of hepatocyte proliferation in culture.

LSP1 expression in liver regeneration

Next, we analyzed the expression of LSP1 during liver regeneration using the commonly 

utilized 2/3 partial hepatectomy (PHx) model (10, 11). LSP1 mRNA and protein expression 

was observed at low levels in whole lysates from normal resting liver and 1 day after PHx 

(Figure 1C and D), which corresponds to the peak of hepatocyte proliferation after PHx in 

the rat (10, 11). Increased LSP1 expression is observed by western blot and 

immunofluorescence on days 2 and 5 after PHx. (Figure 1D and 2). Day 2 after PHx, 

hepatocyte proliferation in the rat is decreased (10, 11) and this corresponds with the 

increased LSP1 expression, which suggests that LSP1 may play a role in the termination of 

proliferation in vivo during regeneration. Since LSP1 expression was measured in whole 

liver after PHx, we are unable to determine which specific cell types of the liver are 

contributing to the signal. This is because LSP1 is heavily expressed in the non-parenchymal 

hepatic cell populations (see NPC in Fig. 1B). Therefore, we isolated rat hepatocytes from 

PHx livers by collagenase perfusion at various time points after PHx and measured LSP1 

expression. Western blot analysis for total LSP1 revealed that LSP1 is expressed at low 

levels at time 0 but steadily increases until day 7. (Figure 1E) Analysis of phopho-LSP1 

levels indicates a peak of expression at day 2 after PHx in the hepatocytes. (Figure 1E and 

F). Upon phosphorylation of LSP1 at serine 252, LSP1 localizes to the F-actin filaments (3) 

which corresponds to the co-localization of F-actin and LSP1 observed in rat liver after PHx 

(Figure 2). Western blot analysis of total LSP1 in isolated NPCs after PHx showed a marked 

increase in expression on day 3 after PHx. (Supplemental Figure 2)

Since LSP1 is an F-actin binding protein in hematopoietic cells, we utilized 

immunofluorescence to determine if LSP1 and F-actin co-localize in hepatocytes during 

liver regeneration. LSP1 and F-actin do co-localize at day 2 after PHx as indicated by the 

yellow signal observed in the merged images and this co-localization appears to be 

hepatocellular, since the size, shape and morphological characteristics of the LSP1 positive 

cells is consistent with hepatocytes (Figure 2). Strong expression of LSP1 in the vascular 

endothelium and portal mesenchyme (Figure 2) is expected since previous literature has 

demonstrated LSP1 expression in endothelial and mesenchymal cells (12, 13).

LSP1 has been shown to interact with Kinase Suppressor of Ras (KSR), a ERK/MAPK 

pathway scaffold, and target these proteins to the actin cytoskeleton (5). Therefore, we also 
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measured the expression of KSR in the isolated rat hepatocytes after PHx. KSR expression 

is observed in normal resting hepatocytes and it slightly increases towards the end of 

regeneration.

LSP1 expression in hepatoma cell lines and interactions with ERK/MAPK scaffold Kinase 
Suppressor of Ras (KSR)

Expression of LSP1 was measured in two rat hepatoma cell lines, JM1 and JM2 (14). JM1 

and JM2 cells exhibit different morphological and functional characteristics. Both JM1 and 

JM2 cells expressed LSP1 mRNA but only JM1 cell line expressed LSP1 protein (Figure 3A 

and B). Immunofluorescence images demonstrate that LSP1 co-localizes with F-actin in the 

JM1 cell line as well (Figure 3D). Next, we utilized co-immunoprecipitation to determine if 

LSP1 interacts with KSR and F-actin in the JM1 cell line. The results indicate that LSP1 

does interact with KSR and KSR interacts with F-actin in these cells (Figure 3C). These 

findings demonstrate that LSP1 is expressed in a rat hepatoma cell line and targets the ERK/

MAPK scaffold KSR to F-actin filaments.

Loss of LSP1 expression results in increased proliferation and migration

Since LSP1 protein is expressed in JM1 cell line, we utilized these cells as a model to 

measure the functional significance of the loss of LSP1 in HCC. We transfected the JM1 cell 

line with short hairpin RNA (shRNA) in order to knock down expression of LSP1 and then 

measured the effect of loss of LSP1 on proliferation and migration. Since the shRNA vector 

contained a puromycin resistance gene, we created a stable cell line and first measured the 

expression of LSP1. Western blot analysis demonstrates a marked decrease in LSP1 protein 

expression in the LSP1 shRNA transfected cell in comparison to the scrambled shRNA 

control cells (Figure 4). Next, using immunoblotting, we measured the expression of the 

commonly utilized proliferation marker, cyclin D1. LSP1 shRNA JM1 cells exhibited 

increased levels of cyclinD1 in comparison to scrambled control indicating an increased 

proliferation in the LSP1 shRNA cells (Figure 4A). These findings were further confirmed 

by MTT assay in which two LSP1 shRNA cell lines demonstrated a 3 and 4-fold increase in 

absorbance in comparison to scrambled controls indicated an increase in cell numbers 

(Figure 4B). Since LSP1 is known to negatively regulate migration in leukocytes and 

endothelial cells (3, 12), we measured migration of LSP1 shRNA cells using a “monolayer 

scratch” assay and a transwell migration assay. Loss of LSP1 expression led to increased 

migration into the scratch with an approximately 50% increase in wound closure in the 

LSP1 shRNA JM1 cells compared to scrambled shRNA cells (Figure 4C and D, 

Supplemental Figure 3) as well as increased migration across the transwell membrane 

(Supplemental Figure 4). To determine the mechanism by which LSP1 knockdown resulted 

in increased proliferation and migration, we analyzed expression of downstream signaling 

pathways. Since LSP1 is known to interact with KSR and the MEK/ERK pathway signaling 

proteins, we analyzed expression of phosphorylated ERK2. Loss of LSP1 expression 

resulted in increased phophorylated ERK2 indicating increased ERK2 activation and 

suggesting that the increased proliferation and migration occurs through an ERK activated 

mechanism (Figure 4E and F).
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Enhanced expression of LSP1 leads to decreased proliferation in vitro and in vivo

JM2 rat hepatoma cell line does not express LSP1 protein (Figure 3B). Therefore we utilized 

these cells to study the role of LSP1 expression on proliferation. After transient transfection 

of JM2 cells with LSP1 cDNA, we observed a significant decrease in the expression of the 

proliferation marker, cyclin D1 (Figure 5B and C). Furthermore, LSP1 expression in these 

normally deficient cells led to an approximate 50% decrease in BrdU labeling indicating a 

decrease in the rate of proliferation. (Figure 5D and E).

To demonstrate a role for LSP1 in the regulation of proliferation in vivo, we performed a 

hydrodynamic tail vein injection of LSP1 cDNA plasmid into male FVB mice and 

immediately performed a 2/3 partial hepatectomy. To show that the livers, specifically the 

hepatocytes, were successfully expressing LSP1 following injection, we performed western 

blot analysis for LSP1 expression and immunofluorescence staining of LSP1 and 

Hepatocyte Nuclear Factor 4α (HNF4α), a marker of hepatocytes. The LSP1 injected 

animals expressed LSP1 and the LSP1 expression occurred in the cells also expressing 

HNF4α demonstrating that a majority of the cells expressing LSP1 are hepatocytes. (Figure 

6A and B). Though there were variations of the percentage of hepatocytes with high 

expression of LSP1 from one lobule to another, on average, about 30% of hepatocytes were 

found to have high LSP1 expression following the hydrodynamic injection. The peak of 

hepatocyte proliferation after PHx in mice is on day 2 (15). Therefore we harvested the 

livers on day 2 and performed immunohistochemical staining for the proliferation marker 

Ki67. The livers of the LSP1 injected mice displayed approximately 50% less Ki67 labeled 

hepatocytes in comparison to the vector control injected mice suggesting that LSP1 plays a 

role in regulating the proliferation of hepatocytes in vivo (Figure 6C and D). The results 

show that enhanced expression of LSP1 at the early (proliferative) stages of liver 

regeneration has inhibitory effects on hepatocyte proliferation.

Discussion

A previous study from our laboratory demonstrated that in human HCC, the LSP1 gene had 

the highest number of cases with CNV (2); however the expression and functional role of 

LSP1 in both normal liver and HCC is unknown. The finding arrived as a surprise since 

there is no literature on LSP1 in hepatic biology. In order to place the role of LSP1 in the 

perspective of normal liver biology, and thus get a framework for understanding its role in 

hepatic neoplasia, we embarked upon the studies described above, to provide a baseline of 

LSP1 functions in normal liver and obtain evidence from experimental models as to its 

functional significance. As a first step in this study, we aimed to determine if LSP1 is 

expressed in liver, specifically in the hepatocytes, and the role LSP1 plays in hepatocyte 

growth regulation. LSP1 is intensely expressed in endothelial cells and cells of 

hematopoietic origin. Thus, studies of LSP1 in whole liver tissue are not likely to be 

informative since hepatocyte expression of LSP1 is likely to be overwhelmed by the intense 

expression of LSP1 in hepatic macrophages and endothelial cells. Because of this, we 

concentrated our studies in hepatocytes in primary culture or in hepatocytes isolated by 

collagenase perfusion at different stages of regeneration. Our results indicate that LSP1 

expression is not observed in normal hepatocytes until day 3 in culture and expression 
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increases over time. Since hepatocytes in culture experience the peak of proliferation 

between days 2–4 and the highest level of LSP1 expression is observed on day 10, it is 

reasonable to conclude that LSP1 may be associated with a termination signal for hepatocyte 

proliferation (9). Analysis of LSP1 expression during liver regeneration demonstrates that 

the peak of expression occurs on day 7 (Fig. 1E) providing further support for the role of 

LSP1 as associated with inhibition of hepatocyte growth (10, 11). Measurement of 

phophoLSP1 in regenerating hepatocytes also reveals increased expression on day 2 after 

PHx. Phosphorylation of LSP1 at serine 252 corresponds with increased binding to the F-

actin filaments.

Our findings revealed changes in LSP1 expression and association with its binding targets 

(F-actin filaments) during rat liver regeneration. Immunofluorescence analysis shows that 

LSP1 co-localizes with hepatocyte F-actin on day 2 following PH, which suggests that the 

ability of LSP1 to bind to the actin filaments may be vital for its role in controlling 

proliferation. In the CNV study of HCC, all of the amplifications and deletions of LSP1 

affected the C-terminal region of the gene, which encodes for the F-actin binding elements 

of LSP1 (2). We have assumed that amplification of the C-terminal portion of LSP1 may 

create a situation of a dominant negative protein containing only the C-terminal, which may 

interfere with the binding of the complete protein. This further supports the role of LSP1 in 

terminating proliferation and that loss of its ability to bind to F-actin by deletion of c-

terminal region could lead to aberrant hepatocyte cell division, leading to or enhancing 

carcinogenesis.

Since LSP1 CNV was discovered in human HCC and our experimental studies were carried 

out in the rat,, we measured the expression of LSP1 in two distinct rat hepatoma cell lines, 

JM1 and JM2 (14). JM1 cells expressed LSP1 RNA and protein as demonstrated by RT-

PCR, western blot and immunofluoresence. To demonstrate how LSP1 functions in these 

cells, co-immunoprecipitation and immunofluoresence displayed that LSP1 interacts and co-

localizes with F-actin and the ERK/MAPK pathway scaffold KSR, respectively. KSR 

functions by targeting MEK1 and ERK2 to the actin cytoskeleton. In unstimulated cells, this 

complex is mainly localized to the cytoplasm. Upon growth factor stimulation, KSR 

translocates to the plasma membrane thereby targeting ERK2 and its direct activator MEK1 

to the plasma membrane (5, 8). KSR functions to both potentiate and attenuate ERK cascade 

activation thereby regulating the intensity and duration of ERK pathway signaling from the 

plasma membrane during growth factor stimulation. The ERK/MAPkinase pathway 

transmits signals from the plasma membrane to a plethora of cytoplasmic and nuclear targets 

that affect downstream functions such as proliferation, differentiation and survival. 

Scaffolding proteins, such as LSP1 and KSR, target the ERK cascade to the appropriate 

intracellular location, which ensures the correct response of the ERK pathway to various 

extracellular signals (8). Therefore, in HCC, if LSP1 functions as a growth suppressor and 

there is a loss of LSP1 expression, this could affect the ERK/MAPK pathway leading to 

aberrant proliferation or migration. Our findings in Figure 4 demonstrate that loss of LSP1 is 

indeed associated with enhanced migration, enhanced proliferation rate, evidenced by both 

increased in cell numbers and dramatic increase in Cyclin D1 in the rat JM1 HCC cells. We 

demonstrated that the loss of LSP1 expression in hepatoma cells leads to increased ERK2 

activation indicating that the observed increase in proliferation and migration is through an 
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ERK2 dependent pathway. Previous literature has demonstrated that increased LSP1 

negatively regulates migration of leukocytes and melanoma cell lines (3, 16, 17) and our 

data supports this notion in hepatocytes as well. Expression of LSP1 in the LSP1 deficient 

JM2 cell line and in mouse livers in vivo after PHx led to decreased proliferation as 

evidenced by decreased cyclin D1 levels and BrdU incorporation as well as decreased Ki67 

staining. These results corroborate a role for LSP1 in the regulation of hepatocellular 

proliferation both in vitro and in vivo.

The literature documents the presence of several isoforms for LSP1 in different cell types as 

a result of alternative splicing (18). As shown in Fig. 1D, there are two protein isoforms in 

whole liver homogenates. We also noticed that Fig. 1E demonstrates that hepatocytes 

express only the higher molecular weight isoform. However, only the lower molecular 

weight mRNA is expressed in hepatocytes in supplemental Fig. S5. The significance of this 

is not clear. There are multiple isoforms described for LSP1 in the literature (13, 18) and the 

importance of this should be further investigated.

There have been several recent studies identifying point mutations and large deletions in 

HCC (19). Driver and “passenger” mutations have been identified and correlated with HCC 

outcomes. Large size copy number variations (CNV: deletions or amplifications) have also 

been identified (19). We had concentrated our study (2) in identifying small size CNV, that 

would otherwise be missed in investigating approaches that would detect CNV of only large 

size. The latter would be likely to contain many genes in each CNV, thus making it difficult 

to identify the specific genes whose smaller size CNV would affect neoplastic behavior. 

LSP1 had the largest number of CNV (51 of 98 cases). In view of this, we believe that 

elucidation of its function in normal hepatocyte biology is important. We do not believe that 

genomic alterations in LSP1 alone would be necessarily sufficient to drive a hepatocyte into 

neoplasia. The high frequency of the LSP1 CNV, however, suggests LSP1 loss of function is 

important, and that, along with other genomic changes, LSP1 certainly adds to the neoplastic 

behavior and may be sufficient to convert a low level neoplastic clone into one of a higher 

malignant potential.

In summary, LSP1 is expressed at the time of cessation of growth in hepatocytes in culture 

and increases gradually toward the end of liver regeneration. LSP1 functions as a regulator 

of hepatocyte proliferation and migration most likely by interacting and negatively 

regulating the function of the ERK/MAPK scaffold KSR. Future studies are aimed at 

elucidating if loss and overexpression of LSP1 will affect liver carcinogenesis in vivo. 

Previous studies with a LSP1 global knockout mouse model have shown increased skin 

wound healing indicating an increase in regenerative capacity of these mice (4). 

Understanding the function of LSP1 in liver regeneration and cancer may lead to the 

development of novel target therapies for HCC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

HCC Hepatocellular Carcinoma

CNV Copy number variation

LSP1 Leukocyte Specific Protein-1

KSR Kinase Suppressor of Ras

ERK/MAPK Extracellular signal related kinase/mitogen-activated protein kinase

PHx Partial Hepatectomy

NPC non-parenchymal cells

RS rat spleen

PL Hepatocyte pellet

RT-PCR reverse transcriptase-polymerase chain reaction
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Figure 1. LSP1 expression in primary rat hepatocytes in culture, rat liver and hepatocytes after 
PHx
Primary rat hepatocytes were cultured in the presence of HGF and EGF and harvested at 

various time points for A. mRNA expression using semi-quantitative RT-PCR (upper panel, 

LSP1 and bottom panel GAPDH as loading control), and B. protein expression by western 

blot (upper panel, total LSP1, bottom panel, Ponceau S stain, loading control). PL: 

Hepatocyte Pellet; NPC: Non-parenchymal cell fraction; RS: Rat spleen, used as positive 

control. Whole rat liver was harvested at various times after PHx and LSP1 expression was 

analyzed using C. RT-PCR (upper panel, LSP1, bottom panel GAPDH) and D. western blot 

of LSP1 (upper panel) and Ponceau S (bottom panel, loading control). NL: Normal whole 

liver lysate; RS: Rat spleen. Rat hepatocytes were isolated from liver after PHx by 

collagenase perfusion and analyzed by E. western blot for total LSP1 (upper panel), 

phophoLSP1 (S252) (3rd panel down) and KSR (4th panel down). F. Quantification of 

phosphoLSP1 to total LSP1 in the rat hepatocytes after PHx. For details of interpretation, 

see Results.
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Figure 2. Immunofluoresence of LSP1 and F-actin in rat liver after PHx
Rat liver was harvested at various time points after PHx and was probed for LSP1 and F-

actin. First panel is DAPI to stain the nuclei, second panel shows the F-actin signal, third 

panel shows the signal for total LSP1 and the last panel displays a merge of the DAPI, F-

actin, and total LSP1 signals. 600x magnification. For details of interpretation, see Results.
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Figure 3. LSP1 expression in rat hepatoma cell lines and analysis of the interaction between 
LSP1, KSR and F-actin
JM1 and JM2 cell line were analyzed for expression of LSP1 A. mRNA by RT-PCR and B. 

protein by western blotting. C. Co-immunoprecipitation analysis was performed using the 

JM1 cell line for interactions between LSP1, KSR and F-actin. Upper panel is an IP of LSP1 

and western blot of LSP1 (top) and KSR (bottom). Middle panel is an IP of KSR and 

western blot of LSP1 (top) and KSR (bottom). Bottom panel is an IP of KSR and western 

blot of KSR (top) and F-actin (bottom). D. Immunofluorescence images of JM1 cells for 

DAPI (top panel), F-actin (2nd panel from top), LSP1 (3rd panel from top), and merge 

(bottom panel). Images were taken at 400x magnification.

Koral et al. Page 12

Hepatology. Author manuscript; available in PMC 2016 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 4. Functional analysis of loss of LSP1 expression in JM1 hepatoma cell line
JM1 cells were transfected with LSP1 shRNA and a stable cell line was created. A. Western 

blot analysis of the stable LSP1 shRNA JM1 cell line for total LSP1 (top panel), cyclin D1 

(2nd and 3rd panel), and β-actin (bottom panel, loading control). B. MTT assay of scrambled 

shRNA control cells and two LSP1 shRNA stable clones (LSP1 shRNA 1 and LSP1 shRNA 

2). n=18 (experiment repeated at least two independent times), p=1.99e-06 and p=0.002, 

respectively. C. Representative bright field images of migration “scratch” assay at time 0 

(upper panels) and 24 hours post scratch (bottom panel). D. Quantification of area of wound 

closure from scratch assay. n=6, p=4.98e-06. E. Representative western blot of 

phophoERK2 (top panel) and total ERK2 (middle panel) in JM1 LSP1 shRNA stable cell 

lines. F. Quantification of pERK2 and total ERK2. n=7, p=0.0157.
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Figure 5. Functional analysis of LSP1 expression in JM2 rat hepatoma cell line
JM2 cells were transiently transfected with LSP1 cDNA and pExpress-1 plasmid (control). 

A. Western blot analysis of total LSP1 expression (top panel) at 24 hours post transfection in 

transiently transfected JM2 cell line. Ponceau S (bottom panel) loading control. B. Western 

blot analysis of cyclin D1 (top panel) expression at 24 hours post transfection. (Ponceau S 

(bottom panel), loading control). C. Quantification of cyclin D1 protein expression from B. 

n=3, p=0.002. D. Representative images of BrDU staining in transiently transfected JM2, 

100x magnification. E. Quantification of BrDU labeling in D. n=5 per condition, 

p=5.93E-05.
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Figure 6. In vivo expression of LSP1 in a mouse PHx model
Hydrodynamic tail vein injection was utilized to express LSP1 in vivo during PHx. A. 

Immunofluoresecence images of mouse liver at D2 after PHx (vector control (top panel), 

and LSP1, (bottom panel)) for HNF4α (left panel), LSP1 (middle panel), and merge (right 

panel). Images were taken at 200x magnification. Inset is shown to demonstrate LSP1 and 

HNF4α expression is present in the hepatocytes. B. Western blot analysis of total LSP1 

expression (top panel) and ponceau (loading control) in total liver lysate from injected mice 

at Day 0 and 2 after PHx. C. Representative images of Ki67 staining of the injected mouse 

liver tissue on day 2 after PHx. Right image, vector control and left image, LSP1 injected 
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animal. All images were taken at 200x magnification D. Quantification of the percentage of 

Ki67 positive hepatocytes in mouse liver tissue on D2 PHx. At least three random fields per 

slide were quantified using Image J software. Vector control mice n=5, LSP1 mice n=3. 

p=1.45E-10.

Koral et al. Page 16

Hepatology. Author manuscript; available in PMC 2016 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript


