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Stress fiber (SF) alteration is mediated by cellular receptors, which, upon interaction with the ex-
tracellular counterpart, signal to the actin cytoskeleton for remodeling. This association is mediated 
by a variety of scaffold and signaling factors, which control the mechanical and signaling activities 
of the interaction site. The heterotrimeric transmembrane lymphotoxin α1β2 (LTα1β2), a member of 
the tumor necrosis factor (TNF) family of cytokines, including soluble homotrimeric lymphotoxin (LT
α), plays an important role in lymphoid tissue architecture. Ligation between LTα1β2 and the lympho-
toxin β receptor (LTβR) activates signal-cascade in fibroblastic reticular cells (FRCs). We found LTβR 
stimulation using an agonistic anti-LTβR antibody alone or combined with LTα or TNFα induced 
changes in the actin and plasticity of cells. To clarify the involvement of myosin underlying the alter-
ation, we analyzed the effect of myosin light chain kinase (MLCK) with an MLCK inhibitor (ML7), 
the phosphorylation level of myosin light chains (MLC), and the level of phospho-myosin phosphatase 
target subunit 1 (MYPT1) after treatment with an agonistic anti-LTβR antibody for cytoskeleton re-
organization in FRCs. The inhibition of MLCK activity induced changes in the actin cytoskeleton or-
ganization and cell morphology in FRC. In addition, we showed the phosphorylation of MLC and 
MYPT1 was reduced by LTβR stimulation in cells. A DNA chip revealed the LTβR stimulation of FRC 
down-regulated transcripts of myosin and actin components. Collectively, these results suggest LTβR 
stimulation is linked to myosin regarding SF alteration in FRC.
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Introduction

Lymph node (LN) is a starting point for immune response 

of immune cells. Pathogen infection leads to LN expansion 

and markedly increases LN cellularity [24]. Although lym-

phocyte proliferation and vascular remodeling contribute to 

this expansion, the contributions of the reticular network 

have not been elucidated. Recently, this swelling led to in-

creased spacing in the paracortical reticular network and al-

lowed LNs to expand and enlarged space within reticulum 

resulted in an enhanced immunity [2]. The physical plasti-

city of LN is maintained in part by podoplanin (PDPN) sig-

naling in stromal fibroblastic reticular cells (FRCs) of T zone 

and its modulation by CLEC-2 expressed on dendritic cells 

[2]. PDPN induces actomyosin contractility in FRCs via acti-

vation of RhoA/C and downstream Rho-associated protein 

kinase (ROCK) [1]. Stress fiber (SF) is composed of actin bun-

dle held together by α-actinin, fascin, espin, filamin and my-

osin II bundle [15]. They generate contractile force and play 

a central role in morphogenesis, motility, and adhesion of 

eukaryotic cells [14]. FRCs form a continuous stromal net-

work comprising the collagen-rich reticular fibers, another 

mesenchymal cell population and the thin strand of ex-

tracellular matrix (ECM) components that make up the FRC 

conduit network [4]. FRC network stretching allows for the 

rapid LN expansion--driven by lymphocyte influx and pro-

liferation--that is the critical hallmark of adaptive immunity 

[4]. The characteristic network made by FRCs provides me-

chanical strength to the tissue and makes spaces for T cell 

motility in LN [2]. Thus, this plasticity of FRC might be 

linked to alteration. Although CLEC-2–podoplanin axis 

contribute to this spacing [2], the spacing contributions of 

the lymphotoxins (LT) have not been elucidated in FRC. LTs, 
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members of TNF family cytokines including soluble homo-

trimeric LTα and the membrane heterotrimeric form of LTα1

β2, are important for lymphoid tissue architecture [18]. LTα 

shares its receptors with TNFα (TNFRI and TNFRII) and, 

thus, the two factors elicit similar effects [5]. TNFα activates 

the NF-κB, chiefly of the RelA (p65)–p50 complex pathway 

[10]. In contrast, LTα1β2 activates a distinct signaling path-

way toward RelB–p52 (p100) via LTβR [12]. We examined 

the roles of these tow mediators in the cytoskeleton alter-

ation, morphological change and making space in FRC. 

Here, in order to investigate morphologic change and mak-

ing space of FRCs when FRCs are treated with LT members, 

the cytoskeleton, with particular emphasis on  associated 

with filamentous actin (F-actin), was studied in FRC treated 

with several stimulators. 

Material and method

Cells

FRCs were established as described previously [9]. FRC 

was maintained in 10% FCS–DMEM medium supple-

mented with streptomycin and penicillin. 

Treatment of FRCs with LTα, anti-LTβR antibody, ML-7 

and TNFα

Several monoclonal antibodies and polyclonal antibody 

raised to the extracellular part of LTβR receptor and can 

trigger downstream signals [13, 17, 22]. FRC monolayers (105 

cells/ml) were grown on cover slips in cell culture dishes 

for fluorescence microscopy. After 24 hr of incubation, 10 

ng/ml LTα, 1 μg/ml anti-LTβR antibody, 5 μM ML-7 and 

100 ng/ml TNFα were added. Incubation was continued for 

24 hr, and the cultures were processed as described below. 

Fluorescence microscopy 

FRCs were treated with LTα, anti-LTβR antibody, ML-7 

and TNFα as described above, were gently rinsed, fixed in 

4% formaldehyde in PBS for 5 min, washed with PBS. Cells 

were stained with 5 μg/ml rhodamine-conjugated phalloidin 

to visualize F-actin for 45 min. Stained cover slips were ex-

amined with a Zeiss photomicroscope equipped for fluo-

rescence microscopy. 

Western blot

FRCs were pretreated with anti-LTβR antibody and were 

lysed in 5× SDS sample buffer. After the samples were 

boiled, equal amounts of total lysates were separated by 

SDS-PAGE and transferred onto polyvinylidene difluoride 

membranes. The membranes were soaked in a blocking sol-

ution (5% skim milk and 0.2% Tween 20-PBS) for 1 hr, and 

then incubated with primary antibodies for 1 hr. After being 

washed with Tween 20-PBS, membranes were incubated 

with appropriate HRP-conjugated secondary antibodies for 

1 hr. Specific bands were visualized by an ECL method 

(Amersham Biosciences, Piscataway, NJ, USA ). 

RNA isolation 

Total RNA was isolated by using TRIzol Reagent 

(Invitrogen, Carlsbad, CA, USA). The RNA were extracted 

with chloroform (Sigma Chemical, St. Louis, MO, USA) and 

followed by ethanol precipitation. RNA was quantified us-

ing NanoDrop® ND-1000 spectrophotometer (NanoDrop 

Technologies, Inc., Wilmington, DE, USA). And RNA quality 

was assessed using Agilent RNA Nano 6000 LabChip kits 

and Agilent 2100 Bioanalyzer (Agilent Technologies, Palo 

Alto, CA, USA).  

Microarray analysis 

For control and test RNAs, the synthesis of target cRNA 

probes and hybridization were performed using Agilent’s 

Low RNA Input Linear Amplification kit (Agilent Technolo-

gies, Palo Alto, CA, USA) according to the manufacturer’s 

instructions. Briefly, each 1 μg total RNA and T7 promoter 

primer mix and incubated at 65oC for 10 min. cDNA master 

mix (5X First strand buffer, 0.1 M DTT, 10 mM dNTP mix, 

RNase-Out, and MMLV-RT) was prepared and added to the 

reaction mixer. The samples were incubated at 40oC for 2 

hr and then the RT and dsDNA synthesis was terminated 

by incubating at 65oC for 15 min. The transcription master 

mix was prepared as the manufacturer’s protocol (4X 

Transcription buffer, 0.1M DTT, NTP mix, 50% PEG, 

RNase-Out, Inorganic pyrophosphatase, T7-RNA polymer-

ase, and Cyanine 3/5-CTP). Transcription of dsDNA was 

preformed by adding the transcription master mix to the 

dsDNA reaction samples and incubating at 40oC for 2 hr. 

Amplified and labeled cRNA was purified on cRNA 

Cleanup Module according to the manufacturer’s protocol. 

Labeled cRNA target was quantified using ND-1000 spec-

trophotometer (NanoDrop Technologies, Inc., Wilmington, 

DE, USA). After checking labeling efficiency, fragmentation 

of cRNA was performed by adding 10X blocking agent and 

25X fragmentation buffer and incubating at 60oC for 30 min. 

The fragmented cRNA was resuspended with 2X hybrid-
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Fig. 1. LTβR stimulation induced the change of FRC stress fiber morphology and cell shape. FRCs were treated with normal IgG 

and agonistic anti-LTβR antibody (1 μg/ml) for 24 hr, were fixed with 4% formaldehyde in PBS, were washed with PBS 

and examined for changes in F-actin distribution (phalloidin staining).

ization buffer and directly pipetted onto assembled Agilent’s 

Mouse Oligo Microarray (44K). The arrays hybridized at 

65oC for 17 hr using Agilent Hybridization oven. The hybri-

dized microarrays were washed as the manufacturer’s wash-

ing protocol. 

Data acquisition and analysis 

The hybridized images were scanned using Agilent’s 

DNA microarray scanner and quantified with Feature 

Extraction Software (Agilent Technology, Palo Alto, CA, 

USA). All data normalization and selection of fold-changed 

genes were performed using GeneSpringGX 7.3. The aver-

ages of the average of normalized control channel intensity. 

Functional annotation of genes was performed according to 

Gene OntologyTM Consortium (http://www.geneontolog-

y.org/index.shtml) by GeneSpringGX 7.3. Gene classification 

was based on searches done by BioCarta (http://www. 

biocarta.com/), GenMAPP (http://www.genmapp.org/), 

DAVID (http://david.abcc.ncifcrf.gov/), and Medline data-

bases (http://www.ncbi.nlm.nih.gov/).

Results

Agonistic anti-LTβR antibody disrupted SF of FRC

Members of TNF family cytokines including the mem-

brane heterotrimeric form of LTα1β2 and soluble homotri-

meric LTα are important for lymphoid tissue architecture. 

LTα1β2 signaled through the lymphotoxin-β receptor (LTβ

R) expressed in FRC [22]. We used an agonistic anti-LTβR 

antibody to stimulate FRC. After stimulation, SFs form thick 

cables and were connected to the nuclear periphery with the 

processes of these flat and spread cells in a control mono-

layer (Fig. 1). SFs and FRC showing a striking morphological 

change with retraction and shrink of their processes were 

not detected in FRC treated with agonistic anti-LTβR anti-

body, whereas these morphological changes were rarely ob-

served in control antibody (IgG)-treated FRC (Fig. 1). These 

findings imply that LTβR in LTα1β2 signaling pathway play 

a powerful role in the inhibition of SF formation and change 

of morphology in FRC. 

LTα signal was partially maintained SF and mor-

phology in FRC

Next, we examined the roles of another member, LTα in 

the SF formation. Stimulation of FRCs with LTα was unable 

to induce the appearance of SFs and such cells sometimes 

revealed bright areas of staining around nucleus (Fig. 2). 

However, SF was partially maintained in peripheral region 

of cell and FRC morphology was also maintained (Fig. 2). 

TNFα pathway augmented SF in FRC 

The actin cytoskeletal arrangement plays a critical role in 

maintaining both intracellular and intercellular cell physio-

logical functions. LTα shares its receptors with TNFα (TNFRI 
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Fig. 2. LTα partially disrupted stress fiber. FRCs were treated LTα (10 ng/ml) for 24 hr, fixed, washed and stained for actin stress 

fiber. 

Fig. 3. TNFα (100 ng/ml) augmented stress fiber construction in FRCs. FRCs on chamber slides were stimulated with TNFα for 

24 hr, were fixed with 4% formaldehyde in PBS, were washed with PBS and stained for actin stress fiber. 

and TNFRII) and, thus, the two ligands elicit similar effects 

[5]. Thus, to examine whether TNFα signaling plays a critical 

role in SF and morphological alteration in FRC, we treated 

the cells with TNFα. Upon TNFα stimulation, F-actin is reor-

ganized to form thick SFs across the cell (Fig. 3). Thin SFs 

are present in non-stimulated FRCs. TNFα induced cell com-

pacted morphology and an increase in SFs that were aligned 

parallel with the axis of the cells (Fig. 3). 

LTβR signal was more critical than LTα signal for 

the formation of SF in FRC 

Fig. 1 depicts that LTβR activation is involved in SF 

alteration. LT members including LTα, TNFα, and LTα1β2 

are involved in SF alteration. However, LTα and TNFα main-

tained or promoted the formation of SF in FRCs. Thus, to 

examine whether LTβR signaling plays a critical role in SF 

formation and morphological alteration in FRC, we treated 
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Fig. 4. Combined stimulation using agonistic anti-LTβR antibody (1 μg/ml) and LTα (10 ng/ml) suppresses stress fiber construction 

in FRCs. FRCs on chamber slides were stimulated with LTα and agonistic anti-LTβR antibody, and stained for actin stress 

fiber.

the cells with LTα + anti-LTβR antibody to anti-LTβR 

antibody. We were unable to induce the appearance of SFs 

by incubating the cells with LTα+anti-LTβR antibody to an-

ti-LTβR antibody (Fig. 4). Anti-LTβR antibody treatment sig-

nificantly reduced these LTα-induced effects on actin cy-

toskeletal rearrangement. Furthermore, combined stim-

ulation with LTα+anti-LTβR antibody induced cell config-

uration similar to the effect of anti-LTβR antibody, alone 

(Fig. 4).

LTβR signal was more critical than TNFα signal 

for the formation of SF in FRC 

As shown in fig. 4, the signaling via LRβR followed by 

the activation of downstream pathways played a powerful 

role in the suppression of SF and induction of morphological 

change. To investigate effect of TNFα signaling shared with 

LTα receptor for SF distribution in FRC, we stimulated TNFα

+agonistic anti-LTβR antibody-treated FRC. As expected, 

upon TNFα+agonistic anti-LTβR antibody stimulation, the 

appearance of SFs were absent in TNFα+agonistic anti-LTβR 

antibody-treated FRC (Fig. 5). Moreover, dramatic changes 

in FRC morphology was shown in TNFα+agonistic anti-LTβ

R antibody-treated FRC (Fig. 5). However, these changes 

ranged from partial retraction and shrink of processes and 

did not occur in a synchronous manner to the effect of an-

ti-LTβR antibody, alone. 

SF of FRC required MLC phosphorylation

The reorganization of actin cytoskeleton is tightly linked 

to myosin-driven contraction initiated by MLC phosphor-

ylation [11]. MLC phosphorylation is controlled by myosin 

light chain kinase (MLCK) [6] and myosin light chain phos-

phatase (MLCP) [16]. In the next series of experiments, we 

evaluated FRC SF in the presence of the pharmacological 

inhibitor shown to prevent MLC phosphorylation. As ex-

pected, incubation with the inhibitor of MLCK (ML-7), sig-

nificantly attenuated actin SF formation in FRC (Fig. 6A). 

SF formation is facilitated by inducing contractility through 

regulation of the level phosphorylation of MLC or by the 

inactivation of the MLCP. We studied the effect of agonistic 

anti-LTβR antibody on MLC phosphorylation by im-

muostaining, as the components of SF in FRC. As shown 

in Figure 6B, agonistic anti-LTβR antibody reduces MLC 

phosphorylation. Moreover, SF was reduced and cell plasti-

city was occurred (Fig. 6B). Together, these results demon-

strate that the LTβR signaling is linked to mysoin in FRC. 

Next, we tested anti-LTβR antibody effect on myosin phos-

phatase target subunit 1 (MYPT1) phosphorylation/in-

activation, which is a 130 kDa subunit of a trimeric hol-

oenzyme of MLCP involved in the targeting of MLCP to 

myosin filaments. As shown in Fig 6C, anti-LTβR antibody 

reduced MYPT1 phosphorylation and inactive form of 

MYPT1 was completely blocked. Together, these results 

demonstrate that the LTβR pathway is involved in MLC 
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Fig. 5. Combined stimulation using agonistic anti-LTβR antibody (1 μg/ml) and TNFα (100 ng/ml) suppresses stress fiber construction 

in FRCs. FRCs on chamber slides were stimulated with TNFα and agonistic anti-LTβR antibody, and stained for actin stress fiber. 

A

B

C

Fig. 6. LTβR is linked to myosin on stress fiber formation in FRC. FRCs were treated with ML7 (5 μM) and exhibited a marked 

decrease in actin stress fibers (A). FRCs on chamber slides were stimulated with agonistic anti-LTβR antibody, and stained 

for pMLC (B). FRCs were treated with agonistic anti-LTβR antibody (1 μg/ml) for 24 hr and evaluated for change in protein 

level of pMYPT1 (C). GAPDH was probed as a loading control. 

phosphorylation in FRC.

LTβR signal was leaded to change of the ex-

pression of genes linked to the formation of SF  

To investigate the alteration of gene expression in the FRC 

on agonistic anti- LTβR antibody, we analyzed via DNA 

chip assay for transcript changes in agonistic anti-LTβR anti-

body-treated FRC compared to normal IgG-treated FRC. Our 
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Table 1. Regulation of genes related to stress fiber formation in RNA level

Systematic ID GeneSymbol Normalization# Anti-LTβR 

antibody
Control Description Regulation*

A_55_P2222870

A_51_P308298

A_55_P2027969

A_55_P2059357

A_55_P2114993

A_55_P2112737

A_52_P420504

A_51_P246854

A_55_P1963807

A_51_P347862

A_52_P656699

A_51_P394788

A_51_P476209

A_51_P366061

A_55_P1972157

A_55_P222350

A_55_P2001920

A_55_P1975400

Mylk

Myl9

Myl6

Myo7a

Actg1

Actb

Acta2

Acta1

Actg2

Actn1

Actn3

Actn4

Fscn3

Fscn1

ESpnl

Flnb

Flna

Flnc

0.4430

0.2811

0.4809

0.4500

0.3986

0.3290

0.3232

0.2714

0.1929

1.1236

0.8234

0.6501

1.5428

1.0401

1.0178

1.4370

0.8026

0.7037

103.51

1892.29

60972.42

1176.93

61728.04

73453.94

26294.94

1039.62

513.46

862.42

425.60

16108.24

349.34

2760.39

683.86

22114.55

64222.97

13143.32

233.64

6731.64

126777.05

2615.16

154859.52

223272.61

81364.62

3830.36

2662.30

767.55

516.57

24776.59

226.43

2652.35

671.90

15389.25

80015.67

18676.40

Mus myosin light polypeptide kinase

Mus myosin light polypeptide 9

Mus myosin light polypeptide 6

Mus musculus myosin VIIA

Mus musculus actin χ1

Mus musculus actin β

Mus musculus actin α2

Mus musculus actin α1

Mus musculus actin χ2

Mus musculus actinin α1

Mus musculus actinin α3

Mus musculus actinin α4

Mus musculus fascin homolog 3

Mus musculus fascin homolog 1

Mus musculus espin-like

Mus Musculus filamin β

Mus Musculus filamin α

Mus musculus filamin C

Down

Down

Down

Down

Down

Down

Down

Down

Down

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

*Regulation was decided by normalized values (i.e., values equal 2 fold) as Normal regulation and (values below 0.5 fold) as Down 

regulation.

#Normalization was the ratio between anti-LTβR antibody treated sample value vs control value.

results reveal that agonistic anti-LTβR antibody in FRC 

(p<0.05) influenced the expression of 887 transcripts regu-

lated minimally by greater than or equal to a 2-fold change 

to total probe # 39,429. Of the regulated genes, 391 were 

up-regulated and 496 were down-regulated. Actin bundle 

held together by α-actinin, fascin, espin, filamin and myosin 

II bundle composes of SF (14). Of the regulated genes, genes 

related to myosin and actin component were down- 

regulated. However, there was no change in other factors 

(Table 1). These suggest that myosin is involved in SF 

change in agonistic anti-LTβR antibody treated FRC.

Discussion

LN is structured by a complicated 3-dimensional network 

of stromal cells, connective tissue and extracellular matrix 

(ECM) fibers. Stromal cell adhesion to the ECM occurs at 

specialized sites where adhesion receptors bridge between 

the ECM and the actin cytoskeleton, via a network of scaf-

fold and signaling proteins [3, 7]. LN stromal cells play a 

role of the scaffold within which the immune cells of the 

LN can co-localize and dynamically interact [4]. FRCs pro-

duce the conduit network ensheathed with the reticular fi-

bers and ECM components, and form a continuous frame-

work among cells in the T-cell zones of LN [19]. Scaffold 

structure of cell is important for cell biological and physio-

logical function, maintenance of organ structure. The organ-

ization and dynamics of these structures are tightly regu-

lated by associated signaling components, which induce de-

terioration of SFs [20]. Many of the protein-protein inter-

actions essential for building the interaction scaffold are 

mediated by the binding of ligand proteins to partner 

molecules. LTαβ is closely linked to the maintenance of LN 

network and architecture. In this study, we have illustrated 

the SF distribution and identified LTβR as a main regulator 

of SF formation in FRCs. The used concentration of agonistic 

anti-LTβR antibody (1 ug/ml), LTα (10 ng/ml) and TNF-α

(100 ng/ml) was referred to previous report[9]. Fibers look 

like a cage that surrounds the nucleus in FRC (Fig. 1). 

Moreover, a very delicate, barely perceptible line staining 

for actin appears under the plasma membrane in control 

monolayer. Anti LTβR antibody affected that FRC lose the 

SFs connecting the processes of the cell (Fig. 1). Severely 

affected cells assume a dendritic configuration. In the peri-

ods after LTα addition, cells showed partial retraction. Such 

cells sometimes revealed bright globular areas of staining 

within the cytoplasm, and the periphery of the plasticity 

cells showed SF (Fig. 2). Although LTα and TNF-α share 
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common receptors (TNFRI and TNFRII), the results of each 

LTα or TNF-α stimulation were different (Fig. 2, Fig. 3). LTα, 

a member of the TNF family, is synthesized primarily by 

activated T. It is expressed in either secreted or mem-

brane-bound form, each exhibiting different affinity for vari-

ous receptors. The secreted soluble homotrimeric form binds 

to both TNFR1 and TNFR2 receptors with high affinity, 

whereas the transmembrane heterotrimeric form (one LTα 

plus two LTβ) selectively binds the LTβ receptor (LTβR) 

with high specificity. Recombinant LTα was used in this 

study. Thus it was thought to be difficulty for the formation 

of exact homotrimeric LTα form. Thus it seems that signal 

intensity was too weak to activate cells. In treatments com-

bined with LTα+ anti-LTβR antibody or TNFα+LTβR anti-

body, dramatic changes of SF and morphology were shown 

in FRC (Fig. 4, Fig. 5). Rare SFs were present in FRCs. These 

changes ranged from partial retraction and shrink of proc-

esses and occurred in a synchronous manner in agonistic 

anti LTbR antibody treated FRC. Considerable evidences in-

dicate that myosin bundle is a component of SFs [8, 21, 23]. 

To address the possibility that the SF alteration in FRC is 

linked in myosin, FRC was stimulated with ML7 (MLCK 

inhibitor). As shown in Figure 6A, FRC had become den-

dritic configuration and FRC devoid of SF was observed. 

This great plasticity of FRCs is thought to be taken advant-

age of the supply of the proper character upon sensing im-

mune responses. Moreover, p-MYPT1, inactive form of my-

osin light chain phosphatse (MLCP), was completely de-

duced in agonistic anti LTβR antibody treated FRC (Fig. 6B). 

Collectively, these results revealed that LTβR signaling path-

way was involved in myosin mediated cytoskeletal remodel-

ing in FRC. 
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록：Lymphotoxin β 수용체를 통한 fibroblastic reticular cell의 stress fiber 변화와  myosin의 

연 성 

김민환1․김연희2․최우 1,3․이종환1,3*

(1동의대학교 생명공학과, 2부산과학기술협의회, 3동의대학교 스마트바이오헬스학과)

Stress fiber (SF) 변화는 세포외부의 결합인자와 세포 수용체와 결합후  리모델링을 위해 액틴골격에 신호를 

전달하며 일어난다. 이 연관은 결합장소에서 기계적 활동과 신호전달활동을 조절하는 다양한 스케폴드들과 신호

전달자에 의해 매게된다. Heterotrimeric transmembrane lymphotoxin α1β2 (LTα1β2)는 용해성 homotrimeric LT

α를 포함하는 tumor necrosis factor (TNF) 계로 림프조직을 구성하는데 중요한 역할을 한다. LTα1β2와 LTβR의 

결합은 fibroblastic reticular cell (FRC)에서 신호전달을 촉발한다. Agonistic anti-LTβR antibody 단독 혹은 LTα 

그리고 TNFα의 조합으로 LTβR 자극은 세포의 액틴과 형태적 변화를 보았다. Agonistic anti-LTβR antibody의 

FRC에서 작용을 통한 세포골격 재배열이 myosin과의 관련성을 확인하기위해 myosin light chain kinase (MLCK)

의 저해제인 ML-7과 myosin light chains (MLC)와 myosin phosphatase target subunit 1 (MYPT1)의 인산화에 

대한 효과를 확인하였다. MLCK 저해는 액틴 세포골격 재배열과 세포형태 변화를 유도하였다. 또한, MLC와 

MYPT1인산화가 LTβR 자극에 의해 줄어드는 것을 확인하였다. DNA chip 분석은 myosin and actin 구성선분이 

전사체 수준에서도 줄어드는 것을 보였다. 결론적으로 LTβR 자극은 FRC에서 SF변화는 myosin과 관련되어 있다

는 것을 제시한다.  
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