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Abstract
Regulation of cellular proliferation and collagen synthesis by relaxin
gene therapy in stimulated fibroblasts

Jin Soo Park

Department of Medicin
The Graduate School, Yonsei University

(Directed by Professor Soo Bong Hahn)

Hypertrophied ligamentum flavum(LF), play a majaole in the

pathogenesis of lumbar spinal stenosis. The prsvioistological studies
showed an increased amount of collagen(scarringfiosis), loss of

elastic fiber in the thickened LF compared to ndrrh&. In vitro and

in vivo studies, relaxin reduces collagen produgtio increase

procollagenase synthesis and reduce the extentsamdrity of scarring

in a number of experimental models of non-renal aewhl fibrosis.

We assessed biologic effect of relaxin gene thenap fibroblast from

LF cells which is stimulated by fibrogenic growtlcfor. Relaxin gene
therapy to fibroblast induce the relaxin receptoqpression, does not
decrease cell survival, increase the degradatiortotlhgen and decrease
the collagen content in cultures stimulated witlovgth factor.

Relaxin gene therapy suggest another modality afinmally invasive

therapy in lumbar spinal stenosis with hypertroghigamentum flavum.

Key words : lumbar spinal stenosis, fibroblast, éRel, collagen
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I. INTRODUCTION

The posterior spinal structures, including hyqmgied ligamentum
flavum(LF), play a major role in the pathogenesfslumbar spinal stenosié
Surgical treatment of symptomatic Ilumbar spinal nesis(LSS) provides
promising clinical results including increased dtyalof life and reduced
morbidity. Decompressive laminectomy, facetectormd/ar spinal fusion have
been a gold standard procedure in LSS. In surdiegtment of lumbar canal
stenosis, the hypertrophied LF has to be removemtotighly for complete
decompression of central spinal canal and latemdesd”. In addition to
radical surgery, minimally invasive procedures haween recently introduced
i.e., small incision, minimal laminectomy, facetsoly and undercut
flavectomy®.

The previous histological studies showed an Bewd amount of

collagen(scarring or fibrosis), loss of elastic efip and pseudocystic lesion in



the thickened LF compared to normal ‘R Relaxin, a peptide hormone and
member of the insulin-like growth factor family, shatraditionally been
associated with growth and remodeling of the femaperoductive tract during
pregnancy” ™2 In vitro studies of relaxin-stimulated dermalnduand hepatic
fibroblasts have demonstrated that relaxin redumskagen production, increase
procollagenase  synthesis and reduce tissue inhibitof  matrix
metalloproteinase-1 (TIMP-1) expressioh. Furthermore, in vivo, recombinant
relaxin has been shown to reduce the extent anerigevof scarring in a
number of experimental models of non-renal and Irerfibrosis™.

Anti-fibrogenic and anti-scarring effect of relaxin various tissues suggest
an important mechanism of treating lumbar spinanssis which was caused,
in part, LF hypertrophy. Therefore it can be hypgsihed that the
antifibrogenic effect of relaxin might reduce cgilm synthesis and stimulate
collagenolysis in human LF. Hence relaxin gene abgr might provide
minimally invasive modality in the treatment of gytomatic LSS without
violating bony structures i.e., lamina and facet.

Therefore the objectives of current experimensalidy were firstly, to
assess biologic effect of relaxin gene therapy ibwoblasts from ligamentum
flavum(LF cells), secondly, to elucidate the effeaft relaxin gene therapy in
LF cells stimulated by fibrogenic growth factor whi might simulate

accelerated scarring condition.
I[I. MATERIALS AND METHODS

1. Study design



Firstly, human LF cells were transduced by ademsvirrelaxin gene
construct(Ad/Rel), then the mRNA expression of xmlareceptor(LGR8) was
analyzed with reverse transcription polymerase rchaieaction(RT-PCR).

Secondly, biologic effects of human LF cells tod/Rel mediated gene
transfer were analyzed. Cellular viability was asseé by crystal violet stain
and MTT assay. Apoptosis of human LF was assesyefloly cytometry and
western blot analysis. Synthesis of collagens waalyaed by RT-PCR for
various collagen mRNAs and total content of solubdellagen. Matrix
metalloproteinase (MMP)s was assessed by RT-PCRvasxiern blot analysis.
Thirdly, human LF cells were transduced with Ad/Reahd stimulated by
transforming growth factopd(TGF$1) and fibroblast growth factor-1(FGF-1)
then cellular proliferation, collagen synthesis, darMMP activities were

analyzed. Cultures with saline control served astrob

A. Human LF cell isolation and culture

Specimens from the interlaminar portion of LF weoellected during
surgery from 12 patients(age range 25-57 yearsh Wwitmbar spinal stenosis.
LF cells were then isolated from the ligament ascdbed befor€. The
dissected specimens were minced with a scalpeltiddties were then digested
for 60 minutes at 37°C under gentle agitation inmadium composed of equal
parts of Dulbecco’'s Modified Eagle Medium and Ham'$-12
medium(DMEM/F12, Gibco-BRL) containing 5% heat-itiaated fetal bovine
serum (FBS, Gibco-BRL) with 0.2% pronase(Sigma, $Sbuis, MO) and
0.004% deoxyribonuclease Il type IV(DNase, Sigma)lhe tissue was then
washed 3 times with DMEM/F12 and digested overniginider the same

conditions, with the exception of pronase beinglaegd with bacterial 0.02%



collagenase type Il (Worthington Biochemical Corpakewood, NJ). Cells
were filtered through a sterile nylon mesh filten@ size: 75um) and were
then counted in a haemocytometer and plated in 24 wlates (Falcon,
Franklin Lakes, NJ) at a density of approximatelyx51Ccells/ml. Primary
cultures were sustained for 2 to 3 weeks in DMENY/FEbntaining 10% FBS,
1% v/v penicillin, streptomycin and nystatin (alhtidiotics from Gibco-BRL)
in a 5% CQ incubator with humidity. Culture medium was chahgsvice a

week.

B. Adenoviral vectors

Three different adenoviral constructs were preparfm this study:
Adenovirus luciferase construct(Ad/luciferase) ating firefly luciferase,
adenovirus lacZ construct(Ad/lacZ) expressing lagghe as a viral control, and
adenovirus relaxin construct(Ad/Rel) expressing annmH1 relaxin gene. Each
recombinant adenoviral vector originated from rmegtibn-deficient type 5
adenovirus lacking the E1 and E3 regions of theogwelf. Each luciferase,
relaxin genes were cloned respectively into the r&dion under the control of
the human cytomegalovirus early promoter. Reconmbindrus was grown in
transformed human embryonic kidney 293 cells andemment CsC1l density
gradient purification. Titers were determined byticgd density at 260nm
(OD260) and a standard plaque adsdy

C. In vitro transduction of human LF cdlls

At confluence, the LF cell cultures were rinsedhwjthosphate buffered

saline (PBS) three times and exposed toub®f HBSS containing various



doses of Ad/lacZ and Ad/Rel with various MOI. Alultures were incubated
in 5% CQ at 37°C under humid conditions for one hour. Cames taken to
prevent drying up during the transduction. Thenturel medium (950 ul) was
then added to each well, and the cells were furtheubated in a 5% CO

humid environment at 37°C.
D. Cdll viability test by crystal violet staining

The LF cells were washed with PBS and stained \With% crystal violet
in 50% methanol for 10 minutes at 87 Deep purple stained cells were

regarded as viable cells in microscopy.
E. MTT assay

After incubation for 48 hour, the viability of LFelts in each well was
assessed using the MTT asday In details, in triplicate: 200ul MTT
reagent(2 mg/mL culture medium) were added to eaeh and incubated for
3 hours in 5% C@at 37°C with humidity. The supernatant was disedrénd
replaced with DMSO to dissolve the formazan prodwehich was measured

at 550 nm in a spectrophotometric plate reader.

F. Detection of apoptosis

LF cells were harvested and washed with PBS twécel resuspended at 2
x 10 cells/ml in 1 x Annexin-V Binding Buffer. Subsequign the cells were

stained with propidium idodide buffer for 15 minsitéo detect apoptotic cells



and then analyzed by flow cytometry. The expressioh caspase 3, 9 were

detected with western blot analysis.

G. Reverse transcription-polymerase chain reaction

Total cellular RNA was isolated using RNeasy kitiggen). cDNA was
synthesized from g total RNA using Accupower RT premix(Bioneer) in a
50ul reaction mixture. Oneyl cDNA was amplified in a 2@ reaction of
Accupower PCR premix(Bioneer). Amplification reacts were performed for
the following genes:B-actin, MMP-1, MMP-2, MMP-3, MMP-9, MMP-13,
type | collagen, type Il collagen, type lll collageand type Xl collagen. PCR
products(dl) were analyzed by electrophoresis in 2% agarosds, gand
detected by staining with ethidium bromide. Theeivsity of the PCR products

was quantified using the Biolmage Visage 110 system

H. Total collagen content

Total content of soluble collagen was assessdlft ®ircol soluble collagen

assay kit according to the manufacture's instractio

I. Western blot analysis

The whole cell lysates were separated on 10% BBRSGE and transblotted
onto Hybond-P membrane. Proteins  were immunoblotteavith
anti-a-tublin(Santa Cruz), anti-MMP-1, caspase 3, andasap9(Calbiochem).
Western blot analysis was performed according ® ridpid detection protocol

provided by Amersham Pharmacia.



J. Flurokine assay for MMP-1 and 13 activities

Enzyme activities of MMP-1 and MMP-13 were measuusing Flurokine

assay.

K. Satistics

One-way analysis of variance with Fisher's prmdsLSD postdoc test was
performed to test difference in densitometry d&mnificance level was set as
p<0.05.

[1l. RESULTS

1. Transduction of LF with Ad/Rel

Human LF cells transduced with Ad/Rel with an MG@fl 150 demonstrated
oval shaped morphology compared to control cultwith Ad/lacZ at day 3
(Figure 1).

<LF cells>

Figure 1. Morphology of Ad/Rel(100MOI)-transduced ligamemtulavum cells

(X100). *LF: ligamentum flavum, Ad/Rel: adenaws relaxin gene construct



Human LF cells with Ad/Rel with an MOI of 150 shea robust expression
of relaxin H1 receptor mRNA (LGR8) at day 3 in rese transcription

polymerase chain reaction(Figure 2).

con LacZ Rel

Figure 2. Reverse transcription polymerase chain reactibmuman
ligamentum flavum cells with Ad/Rel.
*Ad/Rel: adenovirus relaxin gene construct, onC control
LGR: leucine-rich repeat -containing G protein-cledgipreceptor
LacZ: adenovirus LacZ gene construct, Rel: adenevRelaxin gene construct

2. Cdlular viability after transduction of Ad/Rel

Crystal violet staining of human LF cells demonstda no recognizable
difference between cultures with Ad/lacZ and Ad/Réth MOIs of 0, 1, 2.5,

5, 10, and 50 at day 3(Figure 3).
Human LF#20(P6)
(MOI)  Ad/LacZ Ad/Relaxin
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Figure 3. Crystal violet staining of Ad/Relaxin

-transduced ligamentum flavum cells.
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MTT assay showed that overexpression of relaxirhuman LF cell did not
render cytotoxic effect in MOIs of 0, 10, 25, 505, 7and 100 compared to
Ad/LacZ at day 3 and 7(Figure 4).

<Day3> ayy>

200 200
---m .. +Ad/LacZ
—e— +Ad/Rel

---m--- +Ad/LacZ
—eo— +Ad/Rel

Cell viability/control(%)
Cell viability/control(%)

0 10 25 50 75 100 0 10 25 50 75 100
Titer of viral vector(MOI) Titer of viral vector(MOI)

Figure 4. MTT assay of human ligamentum flavum cells witthemovirus
relaxin gene construct.
*Ad/lacZ: adenovirus lacZ gene construct,

Ad/Rel: adenovirus relaxin gene construct

3. Apoptosis of LF cells after transduction of Ad/Rel

With an apoptosis assay of flow cytometry, human Idells after
transduction of Ad/Rel with MOls of 0, 50, 75, arkb0 demonstrated no
difference in apoptotic rate compared to human léscwith Ad/lacZ with
same dosage of virus at day 3(Figure 5). Furtheemuiith an apoptotic assay
using caspase 3 and 9, human LF cells with Ad/Rih van MOIs of 150
showed no recognizable difference compared to oelth Ad/lacZ at day 1
(Figure 6).

_10_



30.0

25.0

00 T A

[$]

215.0

3

[=%

2100 = Ad/laZ
50 | —e— Ad/Rel
0.0

0 50 75 150
Titer of viral vector(MOI)

Figure 5. Flow cytometry of human ligamentum flavum celléer transduction
of Ad/Rel.

*Ad/lacZ: adenovirus lacZ gene construct

Ad/Rel: adenovirus relaxin gene construct

con LacZ Rel
- e e Po
Caspase9

- e < Act

- - < Pro
Caspase3 . .. . <

tublin -

Figure 6. Western blot analysis using caspase 3 and 9 paptatic assay
of human ligamentum flavum cells with Rel.

*Con: control, LacZ: adenovirus LacZ gene construRel: adenovirus Relaxin
gene construct, Pro: proenzyme, Act: activatedymez

_11_



4. Expression of MMPs mRNA

The expression of various MMPs(MMP-1, 2, 3, 9,darl3) mRNA
demonstrated statistically significant increase Mi¥IP-1, MMP-9, and MMP-13
MRNA expression compared to viral control i.e., tElls with Ad/lacZ and

saline control(p<0.05,Figure 7).

50.0
400 - [ control
: W Ad/Lacz
W Ad/Relaxin
30.0

20.0

Mean fold control

10.0

0.0

MMP-1 MMP-2 MMP-3 MMP-9 MMP-13

CLRCLR C LRCLR

B-actin
Figure 7. The expression of various matrix metalloproteii®MP) mMRNAS.
*Control(C): cultures with saline, Ad/lacE}: adenovirus lacZ gene construct
Ad/RelaxinR): adenovirus relaxin gene construct, MMP matrix

metaloproteinase

5. MMP-1 protein expression
With various concentration of Ad/Rel(i.e., 0, 185, 50, 75, and 100 MOI),
human LF cells revealed dose responsive increase MiMIP-1 protein

expression at day 3 and 7(Figure 8).

_12_



Ticrof AdReMony 0 10 25 50 75 100
Day3 - —— ———

Day7 T e ———

a-tublin . e - -

Figure 8. Human ligamentum flavum cells with various cortcations of
adenovirus relaxin gene construct.

*Ad/Relaxin: adenovirus relaxin gene construct
6. Enzyme activities of MMP-1 and MMP-13

Human LF cells with Ad/Rel with an MOI of 100 shadvestatistically
significant increase in enzyme activities of MMPahd MMP-13 compared to
LF cells with Ad/lacZ and saline control(p<0.05,g&ie 9).

120.000 3.000 r
2.500

100.000 t

80.000 2000 t

60.000 1500 |

40.000 1000 |

20.000 i 0500 r ’_]_‘ -
0.000 ‘ ‘ - ‘ ‘

Control Ad/lacZ Ad/Rel Control Ad/lacZ Ad/Rel

Active MMP-1(ng/ml)
Active MMP-13(ng/ ml;

Figure 9. Increased MMP-1,13 activities in human ligamentdiamvum cells
with adenovirus relaxin gene construct.
*MMP: matrix metaloproteinase, Control: cultures thwi saline, Ad/lacZ:

adenovirus lacZ gene construct, Ad/Relaxin: ad&nevrelaxin gene construct

_13_



7. Total content of collagen

Human LF cells after transduction of Ad/Rel with axOl of 100
demonstrated statistically significant decrease total content of collagen
compared to LF cells with Ad/lacZ and saline cohtas analyzed by Sircol

method(p<0.05, Figure 10).

100

o

60 -
4 -
20 r
: m

Control Ad/LacZ Ad/Rel

Total collagen/protein content(ug)

Figure 10. Decrease in total collagen content in humdigamentum
flavum cells with adenovirus relaxingene construct.
*Control: cultures with saline, Ad/lacZ: adenovirutacZ gene construct

Ad/Relaxin:adenovirus relaxin gene construct

8. Human LF cells with Ad/Rel in response to TGF-f1 and FGF-1

Human LF cells were allocated to experimentalug(oells transduced by
Ad/Rel with an MOI of 75) and control group (cellsith saline control).
Then cultures were stimulated with T@E-and FGF-1. Stimulated human LF
cells with TGFBl1 and FGF-1 demonstrated significant increase ital to

collagen content about 145% compared to controtuced which were LF

_14_



culture without growth factor stimulation(p<0.0%)luman LF cells with Ad/Rel
without growth factor stimulation showed decrease total collagen content
which was 75% of control cultures(p<0.05). Human LElls with Ad/Rel
stimulated with TGH31 and FGF-1 demonstrated increase in total collagen
content about 119% of control (p<0.05), howeves thulture showed decrease
in total collagen content compared to that of LHl oamltures stimulated with

TGF$1 and FGF-lalone(without Ad/ Rel) which was 82%(080 Figure 11).

2.5

20

15 L

Abs@540nm
_‘

1.0

05

0.0
Control +GF +Ad/Rel + GF+Ad/Rel

Figure 11. Total collagen content in human ligamentum flavuoells
stimulated with growth factor. There was decreasetotal collagen content in
cells stimulated with growth factor(transformingogith factorfl and fibroblast
growth  factor-1) and transduced with  adenovirus axiel gene
construct(+GF+Ad/Rel) compared to cells with only rogth factor
simulation(+GF).

*Control; cultures with saline, +GF: stimwddt with growth hormone
+Ad/Rel: transduced by adenovirus relaxin genestrant

+GF+Ad/Rel: stimulated with growth hormone andnsduced with Ad/Rel
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IV. DISCUSSION

Fibrosis and scarring render significant morbidity human organ&®
Various attempts has been introduced to preventodip and scarring of
human organs and tissG&S. Among the attempts relaxin therapy has
promising perspectives in the treatment of fibrosiBlumerous studies
demonstrated antifibrogenic, anti-scarring effettre@axin in various conditions
involving kidney, liver, and skiff™> Clinical application of relaxin therapy is
based upon the mechanism of anti-collagen synthasis collagenolysis effect
mediated by direct inhibition of collagen synthesigcreased activity of
procollagenase and inhibition of tissue inhibitof matrix metaloproteinase
(TIMP)15,27,25.;

Lumbar spinal stenosis render significant morbiditycluding lower back
pain, leg pain, and neurogenic intermittent claaton which mandates
surgical treatment to relieve symptorhsHypertrophied ligamentum flavum(LF)
plays a crucial role in pathogenesis of lumbar a@pistenosis. Therefore,
hypertrophied ligamentum flavum should be removedringg the surgical
interventiort.

Hence it can be hypothesized that antifibrogenitecef of relaxin might
provide important mechanism to decompress stenspimal canal in lumbar
spinal stenosis by reducing thickness of ligamentiiavum. Accordingly, in
this experimental study, relaxin gene therapy ton&o ligamentum flavum was
tried to propose feasibility of relaxin as treatmenodality in lumbar spinal
stenosis.

At first, transduction of human LF cells with ad®itus relaxin gene
construct(Ad/Rel) was accomplished to demonstraasibility of relaxin gene

therapy to human LF cells. Secondly biologic efecf relaxin gene therapy

_16_



in terms of cellular proliferation, collagen syndi® collagenase activity, and
apoptosis were assessed. Finally anti-fibrogenfecefof relaxin gene therapy
tested using stimulated human LF cells with TgFand FGF-1.

The results of the current study demonstrated dmuniF cells were
susceptible to adenovirus mediated relaxin genensfea and transgene
expresson was confirmed indirectly by the expressitd relaxin receptor in
RT-PCR. Human LF cells transduced by Ad/Rel genematsstrated no
significant differences in cellular survival, pfeliation, and apoptosis as
assessed with crystal violet stain, MTT assay, floytometry and western blot
analysis for caspase 3 and 9. Furthermore, mRNAessmn of collagenolytic
enzymes i.e., matrix metaloproteinase(MMP)-1, 9 ah8 were markedly
increased in human LF cells transduced with Ad/Behe compared to viral
and saline control. Enzyme activities of MMP-1 ah8 were also increased in
the LF cells with Ad/Rel gene. Relaxin gene therapyhuman LF cells which
were stimulated with TGB1 and FGF-1 prior to gene transfer demonstrated
reduced collagen content compared to cells stimdlatith TGFB1 and FGF-1
only. In summary, firstly, relaxin gene therapy dmbt affect mitogenesis of
human LF cells. Secondly, relaxin gene therapy dogulated total collagen
synthesis i.e., type 1, Il lll, and Xl at the Iéveof mMRNA, also
down-regulated total collagen synthesis. Thirdlyglaxin gene therapy
up-regulated the expression of MMP-1, MMP-9, and RMB at the level of
MRNA and increased enzyme activities of MMP-1 andMRA13. Lastly,
relaxin gene therapy to human LF cells stimulateith WGFf$1 and FGF-1
demonstrated about 18% decrease in total collaggmhesis compared to
cultures stimulated with TGB1 and FGF-1. Anti-collagen synthesis and
collagenolytic effects which were proved in thisidst render important clinical

significance in the treatment of Ilumbar spinal ess Hypetrophied

_17_



ligamentum flavum might be susceptible to relaxireng therapy, in
consequence, thinning of hypertrophied ligamentuawvuim by relaxin gene
therapy. As minimally invasive treatment of lumbspinal stenosis, it would
be possible to introduced relaxin gene and obtdimning of ligamentum
flavum by the mechanism of decrease in collagenthggis and increase in
collagenolytic enzyme i.e., MMP-1, MMP-3 and MMP:-13

The clinical and physiological significance ofisthin vitro results obtained
with relaxin gene therapy have to be confirmed m ia vivo system i.e.,
animal model for lumbar spinal stenosis. Neversgleit was interesting to
observe that relaxin gene therapy can significanthodify the abundant
collagens.  These result demonstrated indirectlat thelaxin gene therapy
appear to be feasible as medical treatment of lund@nal stenosis with

hypertrophied ligamentum flavum.

V. CONCLUSION

Relaxin gene therapy did not affect mitogenesishafman LF cells. Relaxin
gene therapy down-regulated collagen synthesis umdegulated the expression
of matrix metaloproteinases and their enzyme dsii Furtherore, relaxin
gene therapy to human fibroblasts from ligamentudavuin stimulated with
TGFH1 and FGF-1 demonstrated about 18% decrease in twdagen
synthesis compared to that of control.

Relaxin gene therapy suggest another modality ofimmally invasive therapy
in lumbar spinal stenosis with hypertrophied ligatoben flavum by inhibiting
collagen synthesis and promoting collagen degranlati

_18_
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