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Table 2. Femorotibial angle (FTA) before HTO., at the first evaluation, and at the latest evaluation

Classification Number of knees Before HTO
All Patients 43 1854 +44
Satisfactory group 37 185548
Unsatisfactory group 1 1853 £2.1

FTA (degrees)

After HTO First evaluation® Latest evaluation®
1682 £29 160.1 =45 1698 £5.2
16762287, 1680 2417, 16845 44,
1702423 1727238 1744 £52

Data given as mean = standard deviation
P05 * PcDD]

*Mean follow-up 6.5 years

"Mean follow-up 17.1 vears

Table 3. Distribution of the radiographic osteoarthritis (OA) grade before HTO and

at the latest evaluation

OA grade”
Classification Number Girade 11 Grade 111 Grade 1V
Before HTO 48 8 35 5
Latest evaluation” 48 1 18 2

= P<nl

' Radiographic OA grade according to the Kellgren-Lawrence clussification

"Mean follow-up 17.1 vears

Table 4. Distribution of the preoperative radiographic OA grade between the satisfac-

tory group and the unsatisfactory group

OA grade”
Classification Number Grade I1 Grade 111 Grade 1V
All Patients 48 8 35 5
Satisfactory group 37 8 26 3
Unsatisfactory group 11 0 9 2

*Radiographic OA grade according to the Kellgren-Lawrence classification

Discussion

The first purpose of this study was to evaluate our fixa-
tion methods. We used two threaded pins and figure-
of-eight wire, and the basic concept of this procedure
was similar to a tension band or modified tension band
fixation as previously described. ™" Generally speaking,
rigid fixation and early rehabilitation is important for
good clinical outcome after HTO." and there have
been several studies concerning the primary stability of
the implants for HTO.®* Flamme et al.” tested the
initial stability of the following devices: one third tubular
plate with a cortical screw, blade plate with screws
(Giebel's plate). bone staples, and external fixator. In
their study, the highest stability was achieved by the
bone staple and external fixator, while Giebel's plate
and one third tubular plate were less stable. Recently,
we biomechanically evaluated the initial stability of our
fixation method and compared it with the bone staple,
Giebel's plate, and L-buttress plate. The results of this

study indicated that our method showed similar stability
to Giebel's plate and the bone staple against compres-
sion and bending stress except rotational force.™ In the
present study, we additionally used cast immobilization
after HTO in consideration of initial stability of our
fixation method, and we clinically experienced 11 of 48
unsatisfactory cases. Furthermore, 7 of the unsatisfac-
tory cases showed correction loss in early postoperative
periods. The main reason for this early correction loss is
thought to be combination of the lack of initial stability
especially against rotational stress and the bone quality
of the osteotomy site. Thus, we think the two threaded
pins and figure-of-eight wiring fixation is an acceptable
fixation procedure for HTO: however, careful attention
should be paid to correction loss in the early postopera-
tive periods.

The second purpose of the present study was to evalu-
ate the long-term clinical results after HTO and to
determine the factors related to the outcome. There are
many studies about the clinical results after HTO. The
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majority of authors have reported satisfactory results in
the short to midterm. but these results gradually dete-
rioraled over time, especially at more than 10 years after
surgery, The reporied probability of a good or excellent
result after HTO was 75% to 96% after 6 years, 45% to
94% after 10 vears, and 46% to 90% after more than 15
vears.” " In the current study, the percentage of satisfac-
tory results (excellent or good) after HTO was 93.7%
after 6 years and 77.1% after 17 years, Our results had
the same tendency of deterioration over a long period
as the other studies, but still maintained a favorable
result up to 17 years after HTO. We think the main
reason for the good clinical outcome in spite of the
progression of radiographic OA is that good alignment
was maintained in the majority of cases during the
follow-up period and the ADL of the patients slowly
deteriorated with time. Recently. Koshino et al."” evalu-
ated 75 knees with a mean [ollow-up of 19 vears and
reported good or excellent results in 90% of their series.
Good alignment was described as the most important
factor for good long-term clinical results."

There is still considerable discussion about which
factors affect the long-term outcome of HTO, and the
present study focused on the correction angle at the
surgery and the preoperative severity of knee QOA. As
for the correction angle, previous studies have reported
that the optimum clinical outcomes were associated
with a correction of 67 to 167 valgus, and an undercor-
rection less than 57 was strongly related to a high failure
rate.”*" In this study. the mean FTA after HTO was
167.6° in the satisfactory group and 170.27 in the unsat-
isfactory group. In addition, in the unsatisfactory group.
progressive varus recurrence was found at the follow-
up. We believe that the most important concept for
HTO is to shift the loading axis from the medial com-
partment to the lateral compartment, and this will lead
good long-term clinical outcomes in HTO. In order to
achieve this safely, we recommend that we should target
a valgus correction of al least 10” for medial compart-
ment knee OA,

In western countries, the patients with advanced knee
OA were primarily indicated for lotal knee arthroplasty.
Therefore, there have been few studies that evaluate the
relationship between the preoperative severity of the
knee OA and the clinical result of HTO. Holden et al."
followed 51 knees for 10 years and found no correlation
between the clinical results and the radiographic sever-
ity of the knee OA preoperatively. Rinonapoli et al."
evaluated 60 knees with an average follow-up of 15
vears and their multivariate analysis indicated that the
length of follow-up and the amount of preoperative
osteoarthritis affected the clinical results. On the other
hand, there have been many studies about this issue in
Japan, because the preservation of range of motion is
important for ADL in Japanese people. Yasuda et al.”
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found no statistical difference between the preoperative
OA stage and the clinical results, but also described that
no stage IV patients obtained good results. Sasazaki
et al."! compared HTO in mild to moderate OA with
advanced OA. and found no clinical difference between
the two groups. They also indicated that overcorrection
was effective for HTO in advanced OA cases.” In this
study, the radiographic OA grade of the knee joint was
significantly deteriorated at the mean follow-up of 17
years, but no statistical difference was observed regard-
ing the preoperative severity of the radiographic knee
OA between the satisfactory and the unsatisfactory
group. Furthermore, three of five patients with preop-
erative Grade IV OA were included in the satisfactory
group at the recent follow-up. Therefore, we agree that
the mild to moderate stage is expected to have better
results after HTO, but we could also expect good clinical
outcomes for the advanced stage if the cartilaginous
condition of the lateral compartment is acceptably
preserved and the proper postoperative alignment is
achieved.

We believe that there are two limitations in this study.
The first limitation is that this is a retrospective study
and the 70.6% follow-up rate is perhaps low even for
the long-term periods of more than 10 years. The second
limitation is that we used the JOA score for clinical
evaluation. The JOA score is a good scoring system and
is popular in Japan. In addition, several recent studies
about HTO using this scoring system have been pub-
lished in international journals.**** However, even
though the JOA score is not a worldwide universal mea-
suring system, we believe that we can compare the result
of this study with other clinical reports.

In conclusion, HTO with two threaded pins and
figure-of-eight wiring fixation showed an acceptable
and good clinical outcome for an average of 17 years
of follow-up. The present study also suggests that the
proper correction angle is necessary to achieve satisfac-
tory long-term clinical results and HTO is considered
to be indicated for the patients with a moderate to
advanced stage of medial knee OA.

Acknowledgments, The authors extend special thanks to
Kazuo Endo for valuable help in performing the statistical
analyses of the data.

References

1. Felson DT. Zhang Y. An update on the epidemiology of knee and
hip osteoarthritis with a view to prevention. Arthritis Rheum
1998:41:1343-55.

. Juckson JP. Waugh W. Tibial osteotomy for osteoarthritis of the
knee. J Bone Joint Surg Br 1961:43:746-51.

3. Coventry MB. Osteotomy of the upper portion of the tibia for

degenerative arthritis of the knee, A preliminary report. J Bone
Joint Surg Am 1965,47:984-90,

(=]



G. Omori ¢t al: HTO with two pins and wiring fixation

4.

. Rudan JF, Simurda MA. High tibial

.F‘ ("l-!ﬂ‘

Coventry MB. Upper tibial osteotomy for gonarthrosis. The evolu-
tion of the operation in the last 18 years und long-term results.
Orthop Clin North Am 1979;10191-210.

45

. Schatzker J. Burgess RC, Glynn MK. The management of non-

unions following high tibiul osteotomies. Clin Orthop 1985:193:
230-3.

mmy. A prospective

. L JS, Bremner M, Bier F. Osteovarthrosis. Prevalence in

clinical and rocntgenographic review. Clin Orthop  1990:235
251-6.

. Insall IN, Joseph DM, Msika C. High tibial osteotomy for varus

gonarthrosis. A long-term follow-up study. J Bone Joint Surg Am
1984:66:1040-8.

. Berman AT, Bosacco 8J, Kirshner S, Avolio A. Factorsi ing

the population and relationship between symptoms and X-ray
changes. Ann Rheum Dis 1966:25:1-24,

. Ogat K. Interlocking wedge ostéotomy of the proximal tibia for

gonarthrosis. Clin Orthop 1984,186:126-34,

. Ogata K, \'mhdl.l{nwamurnﬂ Miura H, Arizono T, Sugioks Y.

long-term results in high tibial osteotomy. Clin Orlhup 1991 "T’
192-8.

. Yasuda K. Majima T. Tsuchida T. Kaneda K. A ten-to 15-year

follow-up observation of high tibial
ment osteoarthrosis. Clin Orthop 1992:282:186-95.

v in medial 1-

P

. Coventry MB, Iistrup DM, Wallrichs SL. Proximal tibial osteot-

omy. J Bone Joint Surg Am 1993:75:196-201.

. Rinonapoli E, Mancini GB. Corvaglia A, Musicllo S. Tibial oste-

otomy for varus gonarthrosis. Clin Orthop 1998:353:185-93,

. Naudie D, Bourne RB, Rorabeck CH. Bourne TJ. Survivorship of

the high tibial valgus osteotomy. Clin Orthop 1999:367:18-27.
Aglietti P, Buzzi R, Vena LM. Baldini A, Mondaini A. High tibial
valgus osteotomy for medial gonarthrosis. J Knee Surg 2003:16:
21-0.

. Sprenger TR, Docrzbacher JF, Tibial osteotomy for the treatment

of varus gonarthrosis. 1 Bone Joint Surg Am 2003.85:469-74,

. Koshino T, Yoshida T. Ara Y, Saito L. Saito T. Fiftecn to twenty-

cight years” follow-up results of high tibial valgus osteotomy for
osteoarthritic knee. Knee 2004:11:439-44,

. Koshino T, Morii T, Wada J, Saito H, Ozawa N. Noyori K. High

tibial osteotomy with fixation by a blade plate for medial compart-
ment osteoarthritis of the knee, Orthop Clin North Am 1989;
22743

. Hofmann AA. Wyatt RW, Beck SW. High tibial osteotomy. Use of

an osteotomy jig. rigid fixation, and early motion versus conven-
tional surgical 1echnique and cast immobilization. Clin Orthop
1991:271:212-7.

. Weber BG, Worsdorfer O. Zuggurtungsosteosynthese bei tibia-

koplosteotomic. Z Orthop 1980:118:637-43,

0. Schmuolke S, Wich RLﬂng-lcrm
following high tibial ny with tension bend prin-

tlplc Arch Oﬂhup Trauma Surg "IIB‘I.J 12-6.

. Koshino T, Tsuchiya K. The effect of high tibinl osteotomy on

osteoarthritis of the knee. Clinical and histological observations.
Int Orthop 1979:3:37-45.

29,

i1

.

33,

249

Standi canaol determine the correction in high
tibial osteatomy, J Bone Joint Surg Br 1991:73:027-31.

. Kanamiya T. Naito M. Hara M, Yoshimura 1. The influences of

bipmechanical factors on cartilage regeneration alter high tibial
osteotomy for knees with medial partment rihritis:
clinical and arthroscopic observations. Arthroscopy 200218
7254,

. Billimgs A. Scott DF. Camargo MP. Hofmann AA, High tibial

osteotomy with a calibrated osteotomy guide. rigid internal fixa-
tion. and early motion. J Bone Joint Surg Am 2000:82:70-9,

. Zhang Y, Shn]l LM. Kiritsis PG, Wollinbarger L, Fairclots JR.

Varus of i devices used in proximal ubial
osteotomy. C'nntcmp Orthop 1995304716

. Flamme CH. Kohn D, Kirsch L, Hurschler C. Primary stability of

different implants used in conjunction with high tibial osteotomy.
Arch Orthop Trauma Surg 1999;119:450-5.

Gautier E, Thomann BW, Brantschen R, Jakob RP. Fixation of
high tibinl osteotomy with AO cannulated knee plate. Acta Orthop
Scand 1999:70:397-9,

Yasumoto H, Omori G, Tanabe Y. Koga Y. Mechunical stability
of different fixation procedures after high tibial osteptomy (in
Japanese). J Jpn Soc Clin Biomech 2(011:22:319-23.

. Holden DL. James SL. Larson RL. Slocum DB. Proximal tibial

osteotomy in patients who are fifty years old or less. J Bone Joint
Surg Am [988:70:977-82.

Sasazaki Y, Fujikawa K, Kobayashi T, Miwa M {'limcal rﬁm!lsui
the overcorrected high tibial for ad

tis of the knee (in Japanese). Bessatsu Scikeigeka 2002:42:
153-58.

Choi HR, Hasegawa Y, Kondo S, Shimizu T, 1da K, Iwata H. High
tibial osteotomy for varus gonarthrosis: a 10- 1o 24-year follow-up
study. J Orthop Sei 2001:6:493-7.

Takemae T, Omori G, Nishino K. Terajima K. Koga Y, Endo N,
Three-dimensional knee motion before and after high tibial oste-
otomy for medial knee osteoarthritis, J Orthop Sei 2006:11:
-6,




J Orthop Sci (2008) 13:46-50
DOI 10.1007/00776-007-1191-5

Original article

JOURNAL OF

ORTHOPAEDIC SCIENCE

© The Japanese Orthopaedic Assoclation

Posterior condylar offset and flexion in posterior cruciate-retaining

and posterior stabilized TKA

Motoya Arasort', Nosuzo Matsuir', Ryosuke Kuropa', KivoNort Mizuno!, Minoru Dorra’,

-
Masariro KUurosaka', and SHINICHI YOsHIYA®

' Depurtment of Orthopuedic Surgery, Kobe University Graduate School of Medicine, 7-5-1 Kusunoki-cho, Chuo-ku, Kobe 6500017, Japan
‘Department of Orthopaedic Surgery, Hyogo College of Medicine, Nishinomiya. Japan

Abstract

Background. Anterior tibial translation associated with pos-
terior impingement has been reported to be one of the factors
limiting flexion after posterior cruciate-retaining (CR) total
knee arthroplasty (TKA), especially when posterior condylar
offset is decreased postoperatively. On the other hand, its
effect on postoperative motion in posterior-stabilized (PS)
TKA remains unknown. It has been demonstrated that PS
TKA exhibits a consistent posterior femoral rollback during
flexion. Thus, we hypothesized that the problem of posterior
impingement can be avoided by use of PS TKA. In this
study, we examined the relationship between postoperative
posterior condylar offset and knee flexion in CR and PS
TKAs.

Methods. In this study, analysis was performed for 20 subjects
who underwent bilateral TKAs (one CR and one PS TKA) as
well as another group of 50 PS TKAs. All patients could be
tracked for a minimum of 2 years, The range of flexion was
measured before operation and at follow-up. Preoperative
and postoperative posterior condylar offset was evaluated on
true lateral radiographs.

Results. At the follow-up examination, the mean flexion
angle was 123° in the CR knees and 131° in the PS knees with
a significantly greater improvement observed for the latier
group. In the roentgenographic measurement of the posterior
condylar offsel, no significant difference was observed between
the preoperative and postoperative values both in the CR and
PS knees. We divided the patients into two groups according
to the change of posterior condylar offset. The first group
(Group 1) showed a decrease in the posterior condylar offset
after surgery and the second group (Group I1) showed no
change or an increase. Subsequently, postoperative change in
flexion was compared between Groups 1 and 1l for the CR
and PS knees. A significant difference between Groups 1 and
1T was observed in the CR knees, while no difference was
observed in the PS knees. The magnitude of postoperative
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posterior condylar offset did not correlate with an improve-
ment in maximum flexion angle in the 50 PS knees.
Conelusions. It was shown that the magnitude of posterior
condylar offset correlated with a postoperative change in
flexion angle in CR knees, while no such correlation was
observed in PS knees.

Introduction

Several crucial factors have been shown to influence
knee flexion after total knee arthroplasty (TKA). includ-
ing preoperative range of motion, surgical technique,
prosthetic design. and postoperative rehabilitation.””
Among those potentially influential factors. whether the
posterior cruciate ligament is retained or sacrificed has
been a focus of investigation, and there have been
several clinical and biomechanical studies.”*'*"*

We conducted a prospective comparative study of
posterior cruciate-retaining (CR) and posterior stabi-
lized (PS) TKAs in 20 patients who underwent bilateral
surgeries for osteoarthritis. In this comparative study. it
was shown that postoperative improvement in range of
motion was significantly superior in PS TKA patients.”

In attempting to clarify the difference between CR
and PS TKAs, flexion kinematics has been investigated
through fluoroscopic analysis."™'""*"*'*"" We also com-
pared the fexion kinematics between CR and PS
knees in the same group of 20 patients.” Our kinematic
results agreed with those of the previous studies,****"
demonstrating anterior femoral translation in CR knees
and posterior femoral rollback in PS knees during
flexion.

Bellemans et al.” reported that the anterior tibial
translation during flexion can be a factor to limit
maximum flexion by posterior impingement of the tibial
insert against the back of the femur. Bellemans et al.”
defined a parameter termed “posterior condylar offset
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Summary

Objective: Intra-articular injection of hyaluronan (HA) is frequently used lo Ireat knee osteoarthritis (OA), We studied whether HA injections
induced significant changes In levels of biochemical markers in synovial fluid (SF). In addition, we investigaled the possibility of predicting
the eflectiveness of HA based on these biochemical markers.

Methods: Twenty-eight patients with knee OA underwent five weekly intra-articular injections of HA. Knee pain was measured on visual
analog scale (VAS) before and after the five injections. Levels of biochemical markers, including chondroitin E-sulfate (C6S), chondroitin
4-sulfate (C4S), keratan sultate (KS), and tenascin-C (TN-C), were delermined belore and after the five injections. Carrelations between
the biochemical markers before HA injection and the improvement of VAS after the five injections were evaluated

Resulls. Aler HA injections, levels of C6S, C4S, and KS decreased significantly. c ins were ob d b the levels of
TN-C and C45 before HA injection and improvement of VAS after the five injections. In conirast, no significant correlation was seen between
levels of CES and KS before injections and improvement of VAS after the five injections.

Conclusior: The reduction in CBS, C45, and KS lavels aftar HA injoctions reflects that HA could help maimain normal cartilage metabolism.
Our findings sugges! that HA injections are effective in patients whose knees contain low levels of TN-C and C4S, reflecting an early stage of

OA and limited synovilis.

@ 2007 Osteocarthritis Research Society Intemnational. Published by Elsevier Ltd. All rights reserved.

Key words. Hyaluronan, Knee ostecarthritis, Biomarker, Synovial fluid.

Introduction

Osteoarthritis (OA) is one of the most prevalent diseasas in the
aging population. This disease is characterized by changes in
cantilage, subchondral bone, and synovium. Secondary syno-
vitis resulting from the breakdown products of cantilage and
bone matnix likely modifies the symptoms of OA. Articular car-
tilage is composed of chondrocytes embedded in an extracel-
lular matrix of princ'PaBy type Il collagen and proteoglycan
aggrecan molecules' . The release of degraded aggrecan mol-
ecules containing glycosaminoglycans, including chondroitin
sulfate (CS) and keratan sulfate (KS), from the matrix into syno-
vial fluid (SF) can be detected and levels of these two biochem-
ical markers are reflective of aggrecan tumover'~. Adult
human articular cartilage mainly contains chondroitin 6-sulfate
(C8S), which is converted to chondroitin 4-sulfate (C4S) in OA
cartilage*®. In contrast, the synovium, meniscus, and liga-
ments predominantly contain tha C4S isomer. KS is found al-
most exclusively in cartilage aggrecan®. Cartilage markers
are divided into markers of synthesis and catabolism. Typical

*Address comrespondence and raprint requests lo: Dr Masahiro
Hasegawa. M.D., Ph.D., Departmeni of Orthopaedic Surgery, Mig

iversity Graduale School of Medicine, 2-174 Edobashi, Tsu
City, Mie 514-8507, Japan. Tel: 81-59-231-5022: Fax: 81-58-231-
5211; E-mail: masahase @ clin. medic.mie-u.ac.ip

Received 28 June 2007; revision accepted 11 September 2007.

markers of catabolism reflect the destruction of cartilage. Cat-
abolic markers include aggrecan molecules, CS, and KS. Itis
not clear whether these markers reflect degradation of mature
resident proteoglycan or of newly synthesized molecules’.

Tenascin-C (TN-C) is a hexameric glycoprotein component
of the extracellular matrix. TN-C is up-regulated in many path-
ologic adult conditions, including tumorigenesis, regenera-
tion, and inflammation® '°. We reported that TN-C levels of
the SF were significantly correlated with radiographic progres-
sion of knee OA'". Further, we have recently shown that SF
levels of TN-C were higher in patients with rheumatoid arthritis
(RA) compared with patients with OA'2, TN-C could thus be
a useful biochemical marker for OA and RA.

The intra-articular injection of hyaluronan (HA) has been ex-
tensively used inthe treatment of OA. In this study, we observed
whether repetitive intra-articular injections of HA in patients with
OA induced significant changes in SF levels of biochemical
markers, including C6S, C4S, KS, and TN-C. In addition, we
investigated the possibility of predicting the effectiveness of
HA based on levels of these biochemical markers in the SF.

Methods

PATIENTS AND CLINICAL ASSESSMENT

Tmmfnmmmm&lmdMWem
tana of knee OA " frva weekly inira injections of HA. The
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data graded he knees. Two pabents were grade 1, 12 were grade
were grade 3, and five were grade 4. All patients gave informed con-
commitiee.

MEASUREMENT OF BIDCHEMICAL MARKERS

CBS and C4S5 in tha S5F were Brv,.‘ fiquid chro-
as described previously = . The SF samples were di-

luted 10-fold and treated by & senes of digestions with chond ABC
and AC (S C Tokyo, Japan). The chon-

iy 5 A :
4S, from the structure of CBS and CAS in the CS chain. After ultrafitration of
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alyzed. and the area ol the peak P g o each (hn:-
chande was caloulated. KS levels by HPLC
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amne (L4} Then,
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tEUSAIhItIBt. &m.hpm} Mhrmmomdwnllrm 4F10TT
and 19CAMS, as S ware diluted 10-foid and
muhuhdnmmSAp!mmhdw"wiMﬁ After washing,
d ant-TN-C Fab' fragments (4F10TT
rm1mnmm-cpumummwma1mmm
cells was used lo prepare a standard curve.

STATISTICAL ANALYSIS

Results are p as mean = jon. Cantin varn-
ables were compared using a paired Wilcoxan test for he differences be-
tween pre- (week 0) and post-HA injection (week 5) values. A comelation
mu-mmmvasmssmudmwnmnmm
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levels of b rkers before inj and' of VAS
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hic stages of OA and improvemant of VAS.
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Results
CLINICAL RESULTS

A significant reduction in VAS was recorded after five

weekly injections (27 + 18 mm) compared with baseline
(56 + 19 mm, P < 0.001).

CORRELATION AMONG THE STUDY PARAMETERS
BEFORE HA INJECTION

Before the first HA injection, significant correlations were
found between CBS and C4S levels (R - 0.864, P< 0.001)
and between C6S and KS levels (R - 0.529, P - 0.008), but
not between KS and C4S levels (R~ 0.319, P - 0.008).
The levels of TN-C correlated with C&S (A -0.552,
P - 0.004) and C4S levels (R - 0.713, P< 0.001), but not
with KS levels (A - 0.087, P - 0.853). No significant corre-
lations between VAS and levels of biochemical markers
were identified.

Table |
SF levels of CBS, C4S, KS, and TN-C befare HA injection (week 0)
and after five weekly injections (week 5)
Week 0 Week 5 P
C&S (nmolimi) 61.2 +358 528+ 253 0.012
C4S (nmol/mi) 181 £ 6.7 178:86 0.044
KS (pg/ml) 61131 52:29 <0.001
TN-C (ng/ml) 374 +591 39.0 £ 58.1 o4n

Results are mean + standard dewviation.

CHANGES IN BIOCHEMICAL MARKERS AFTER HA INJECTIONS

The concentrations of C6S, C4S, and KS were signifi-
cantly decreased after five weekly HA injections (Table |).
TN-C levels showed no changes before or after HA injec-
tions (Table I).

CORRELATION BETWEEN BIOCHEMICAL MARKERS BEFORE
HA INJECTION AND IMPROVEMENT OF VAS

A significant inverse correlation was cbserved between
the TN-C levels before HA injection and improvement of
VAS after five weekly HA injections (Fig. 1). The concentra-
tions of C4S before injection also showed an inverse corre-
lation with improvement of VAS after five weekly HA
injections (Fig. 1). In contrast, no significant correlation
was seen between CBS and KS levels before injection

TRC: R=-0.405, P=1 035
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Fig t ConelamnbomsmSFlavohoiTN—Cmdehumm
and i 1 of VAS after live weekly injections.
TN-C R=-0.405, P=0035; GIS: A =—-0.408, F=0.034,
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and improvement of VAS after five weekly HA injections
(C8S: P--0.183; KS: P - 0.803). Radiographic stages of
OA had no significant relation with improvement of VAS
(P=0.201).

Discussion

Many randomized controlled studies have confirmed that
intra-articular injections of HA can decrease knee pain In
patients with OA'® ?®, These studies showed that the effi-
cacy of HA treatment was superior to placobo‘. and the
safety of HA treatment was also confirmed'® *'. HA be-
haves as a viscous liquid at low shear rates and as an elas-
tic solid at high shear rates. In addition to the rheological
functions, HA has a variety of effects on cells in vitro. It in-
hibits prostaglandin E; synthesis induced by intereukin-1
(IL-1) and protects against proteoglycan release and cyto-
toxicity induced by oxygen-derived free radicals, IL-1, and
monanuclear cell-conditioned medium®. HA induces IL-1p,
tumor necrosis factor «, and insulin-like growth factor 1
messenger RNA transcript expression that are blocked by
manoclonal antibodies to the HA receptor CD 44 in mono-
cyte®™. In cartilage, HA suppresses cartilage matrix degra-
dation”. HA has been shown to increase the synthesis of
proteoglycans and collagen®. In animal models, studies
aftempting to ascertain whether intra-articular injections of
HA medify structural damage in the OA joint have produced
conflicting results. Numerous studies have shown that HA
injections prevent cartilage degradation and release of pro-
teoglycans®® *°. HA has a positive effect on the mainte-
nance of cantilage matrix integrity during the development
of OA as well as on the reduction of synovitis®®*'. However,
Smith et al** showed a striking reduction in proteoglycan
concentration in articular cartilage after HA injections in an
OA model. This finding raises the concern that HA treat-
ment could suppress the synthesis of proteoglycans and
accelerate joint damage. There is an increasing interest in
structure/disease modification as the goal in OA treatmant,
however, we have no universally proven structure-/disease-
modifying interventions ™,

A significant correlation between C6S and KS levels, but
not between KS and C4S levels has been reported by
others™ and was confirmed in the present study. This cor-
relation is interesting, as C8S and KS are most concen-
trated in healthy adult human aricular cartilage. In
contrast, in OA cartilage, there is an increased level of
C4S and a decreased level of C6S and KS. The proteogly-
can fragments observed in OA SF have characteristics of
degradation products of proteoglycan aggrecan molecules
that are released from the original resident matrix. Thus,
the disease process may be characterized by a continuing
attack on the original resident molecules. The reduction in
glycosaminoglycan levels in severe disease is probably as-
sociated with suppression of cartilage matrix turmover and
the loss of residual cartilage, as a decrease in C4S levels
as well as CBS levels is also observed at this stage®*5%,

One of the most obvious uses of biochemical markers is
their potential to shed light on the effects of the treatment on
the metabolism of joint tissue. Based on changes In bio-
chemical marker levels after HA injections, the present
study showed that catabolic markers, including C8S, C4S,
and KS decreased after HA Injections. Several previous
studies have studied SF markers in patients treated with
HA injections. Creamer ef al’’ reported that a decrease
in KS levels occurred in knees treated with HA, although
their findings did not reach statistical significance. Kobaya-
shi et al®® showed that SF levels of C4S and C6S were

significantly decreased after five weekly intra-articular injec-
tions of HA. The level of intact aggrecan was stable during
the series of HA injections in this study. This means that the
level of degraded aggrecan alone was reduced In the SF by
HA injections. The reduction in levels ot CS and KS after HA
injections reflects that HA could inhibit the release of proteo-
glycans from degenerated cartilage, down-regulate the syn-
Msdpﬂm@ymlm&umsdmmﬁermk.
and maimain normal carilage metabolism™<". Smith
et al*™ found favorable effects of HA treatment on sup-
pressing protecglycan synthesis after HA injections in an
OA model.

Changes in blochemical markers during the course of HA
treatment can help to determine the effectiveness of treat-
ment. Because joint puncture Is an invasive procedure,
and has a risk of complications, including infection®®, deter-
mining potential nonresponders can lead to more efficient
use of HA. Only one previous study approached the predic-
tion of the effectiveness with HA injections for the treatment
ol knee OA, and results showed positive cormrelations
between levels of C6S and a (molecules with
HA-binding ability and a KS side chain) before HA ini_‘ecﬁm
and the improvement of clinical scores after injections™. Im-
provement of clinical symptoms after initiation of HA injec-
tion can be predicted by measurement of the fragments
derived from aggrecan. The authors concluded that HA in-
jections were effective for knees with high levels of aggre-
can fragments, reflecting an early stage of OA in keeping
with residual cartilage and chondrocyte metabolic activity.
However, the markers had no significant relation with im-
provement of VAS. The present study is the first, to our
knowledge, to show some prediction of the effectiveness
of HA injections for knee pain. However, limitations of this
study include a small sample size, limited follow-up period,
and absence of a control group.

Low levels of TN-C and C4S at baseline were associated
with decreasing pain. Previous studies revealed that TN-C
levels of SF were slevated in patients with advanced OA.
In addition, studies have shown that levels of TN-C and
C4S were higher in patients with RA compared with
OA''® It is possible that the prolferated synovium, as
well as ated cartilage, accelerates the release of
C4S into the SF. Our findings suggest that HA injections
are effective for knees with low levels of TN-C and C4S, re-
flecting an early stage of OA and limited synovitis. Joint fluld
analysis may provide useful information about the predic-
tion of the efficacy at the time of the first injection of HA.
Since blood or urine would have much wider application,
further studies are needed to find blood or urine markers
to predict HA effectiveness before the first injection.
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Regulation of Tenascin-C Expression by Tumor
Necrosis Factor-a in Cultured Human Osteoarthritis

Chondrocytes

YUTAKA NAKOSHI. MASAHIRO HASEGAWA, AKIHIRO SUDO, TOSHIMICHI YOSHIDA, and ATSUMASA UCHIDA

ABSTRACT. Objective. Expression of tenascin-C reappears in articular cartilage of persons with osteoarthritis (OA),

while it is almost abolished in normal mature canilage. Tumor necrosis factor-a (TNF-u), a proin-
flammatory cytokine. is upregulated in OA cartilage and 1s involved in the progression of OA, and stim-
ulates tenascin-C expression in other types of cells. We investigated regulation of tenascin-C expression
by TNF-tt through nuclear factor-k B (NF-xB) in OA canilage in vive and in virro,

Methods. Human articular cartilages were obtained from patients with OA and immunofluorescence
examination of tenascin-C and the activated RelA subunit was performed. Cultured chondrocytes 1so-
lated from human OA cartilage were treated with TNF-at and with SN50. Activation of RelA subunit of
NF-kB was examined by immunolabeling. Changes in tenascin-C protein concentrations were deter-
mined by immunofluorescence of cells after monensin treatment and Western blot analysis of the cell
lysates, and mRNA levels were analyzed by quantitative real-time polymerase chain reaction.

Resuls. Increased intensity of tenascin-C staining was observed in the damaged canilage compared
with normal cartilage. Activated RelA staining in chondrocyte nuclei was prominent in tenascin-C-pos-
itive areas of OA cartilage. Treatment of cultured chondrocytes by TNF-a induced translocation of acti-
vated RelA to the nuclei, followed by upregulation of tenascin-C expression in both mRNA and pro-
tein. Treatment with SN50 inhibited increases of RelA and tenascin-C expression in chondrocytes,
Conclusion, TNF-a stimulated tenascin-C expression through NF-xB signaling with RelA activation in
cultured OA chondrocytes, suggesting involvement of tenascin.C in OA cartilage remodeling.

(First Release Dec 1 2007, 1 Rheumatol 2008:35:147-52)

Kev Indexing Terms:
TENASCIN-C

Tenascin-C. a member of the extracellular matrix glycoprotein
family, consists of 6 similar subunits linked in their amino-ter-
minal domain disulfide bonds'. Iis expression is very restrict-
ed in normal adult tissues and reappears in association with
wound healing, inflammatory processes, or neoplasia in a
number of tissues™®, In the lesions, tenascin-C promotes
migration and proliferation of parenchymal and/or stromal
cells™ ", In articular cantilage. tenascin-C expression is also
associated with development of cartilage, but decreases
markedly during the maturation of chondrocytes, and is final-
Iy almost abolished in adult articular cartilage!>!%. [n discased
joints including those with osteoarthritis (OA), tenascin-C was
highly reexpressed in cartilage'>'¥, We have also demonstrat-
ed a correlation between the levels of tenascin-C in joint fluids
and severity of OA apparent on radiographs'”.
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OSTEOARTHRITIS  CHONDROCYTES

OA is characterized by degradation of cartilage®. It is now
generally accepted that secretion of proinflammatory
cytokines. including interleukin 18 (IL-18) and tumor necro-
sis factor-a (TNF-a), by chondrocytes causes loss of cartilage
matrix, resulting from the upregulation of enzymes, such as
matrix metalloproteases (MMP) and aggrecanase, in chondro-
cyles themselves degrading the cartilage!2%. [t is known that
explants from OA cartilage are more susceptible to the effects
of proinflammatory cytokines than explants from nonarthritic
cartilage””2*. Proinflammatory cytokines are known to elicit
tenascin-C expression in various cells™ 2. Studies have also
shown that IL-1B upregulates tenascin-C expression in chon-
drocytes of OA cartilage'®*_ IL-18 and TNF-a play major
roles in the inflammatory response via the activation of a vari-
ety of transcription factors such as nuclear factor-kB (NF-
kB)™% NF-B is a ubiquitous protein that specifically binds
to DNA consensus sequences, activaling its transcription.
When the cytokine stimuli induce the phosphorylation of an
inhibitory subunit and its subsequent degradation, the RelA
subunit of NF-xB is activated and becomes capable of migrat-
ing 1o the nucleus, where it recognizes the consensus
sequences in DNA . [IL-18 previously stimulated the increasing
of RelA activation in human articular chondrocytes™. These
obscrvations led to the hypothesis that TNF-a may also
induce tenascin-C production in OA chondrocytes. resulting

1 Personal non-commercial use only. The Journal of Rheumatology Copyright © 2008 Al rights reserved ———
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in lenascin-C upregulation in diseased cartilage via active
RelA.

We observed the distribution of tenascin-C and activated
RelA in human OA tissues using an immunofluorescence
technique. As well, the stimulatory effects of TNF-a and
TNF-a with SN50 on the activated RelA subunit of NF-xB
and tenascin-C expression in protein and mRNA levels were
examined in cultured OA chondrocytes.

MATERIALS AND METHODS
Cartilage specimens. Human OA caruluge specimens were obtained from
femoral condyles of 15 patients ages 6387 years (average 72.1 yrs) who
were undengoing total knee joint replacement for treatment of OA, Non-OA
cartilage samples were obtained from femoral condyles of 3 patients ages
19-33 years (avernge 254 ym) with no history of joint disease and evidence
of macroscopic amicular degeneration at the time of amputation for Tumor

ction. The sp were | diately fixed in 4% paraformaldehyde in
ptmp!mle-hl'&mdnhm(?‘lls pHT-l]ntmmlcmpumemmgiu
decalcified in trested K-CX (Falma, Tokyo, Japan), and ¢embedded in paraf-
fin, The sections were cut af S-pm thickness and placed on silase-coated glass
slides (Matsunami, Osaka, Japan).

All patients gave their informed consent, and this study was approved by
the local ethics committee.

hemunofluorescence for cartilage specimens. For double-i 0

on culture slides (BD Biosci ) and incubated in fresh serum-fi d
with 0.1% bovine serum albumin (BSA) for 24 b, and then 100 ng/ml TNF-a
(PeproTech, London, UK) and 100 ng/ml TNF-a (PeproTech) with 100 ug/ml
SN30 peptide (Caltiochem) were added 1o the medium. SN50 peptide has
been shown to be a specific inhibitor of NF-xB activation®® *7. Afier incuba-
tion. the cells were fixed and treated with 0.1% Triton X-100 to permeabilize
nuclear membrancs. The shides were trested with mouse monoclonal antihody
against activated RelA subunn (Chemicon) and then with Alexa Fluor 483-
conjugated pu anti-mouse lgﬂ [lmmu;ml

To & the expr in-C protein, after seram-free con-
diwoning with 0,15 mar«ua‘mmmm:mwms
TNF-x (PeproTech). They were incubated with | pM in (Sigma) for
‘hum{umwuwmuhe:MMthmuplumb)
Hﬂ.*lﬂ;mun yies were bated with
mouse momoclonal ants- n:num-c muh:dy (IBL) st 4°C and Alexa Fluor
488.conjugated goat anti-mouse 1gG (lavitrogen) for 3 b at room 1empersture.
Nucler were counterstained with Hoechst 33342 (Sigma). Negative controls
were incubated with isotype-matched mouse control insiead of the pnmary
antibodies.
Western biot analysis. When the cells were 80% 1w 90% confluent, afier 24 h
of incabation with or without 100 ng/ml TNF-«t, coliured chondrocytes were
washed 3 times with ice-cold PBS and solubilized in a solution |10 mM Tris-
HCI, 150 mM NaCl. | mM ethylene diamine tetrascetic acid (EDTA). 1%
Nonidet P<4, 0.1% sodium deoxycholate, 0.1% sodium dodecyl sulfme] con-
taining protease inkibitor cocktail (Sigma), pH 74, The lysates were cen-

cence staining of tenascin-C and active RelA subunits, afier antigen retrieval
was performed with 0.01 M citrate bufTer at 97°C for 30 min. sections were
incubated with normal goat serum (Dako, Carpinteria, CA. USA) at room
temperature for 3 pun. Then they were weated with primary antihods

iluged for 15 min &t 4°C @ 14000 g The protein amounts of the samples
were adjusted by measurement of protein concentrations using a BCA protein
assay kit (Prerce. Rockford, IL.. USA). The samples were subjected 10 SDS-
pulyanylmude gel electrophoresis (SDS-PAGE) and then llms.l‘u'md 03

mouse monoclonal antibody against the active form of RelA (Chemicon,
Temecula, CA, USA), and rabbit polyclonal anti-tenascin-C antibody (IRL,
Tukasaki, Gunma, Japan). st room emperature overnight. After 3 washes with
PBS. the sections were incubated with Alexa Fluor 488-conjugated goat anti-
mouse Il and Alexa Fluor 546-goat anti-rabbit 1gG (Invitrogen, Carlshad,
CA. USA) at room temperature for 3h, Slides were mounted with Vectashield
(Vector Lab ies. Burling; CA. USA). Nepati s were incu-
bated with isotype-matched control instead of the primary antibodies. All
slides were viewed through an epifluorescence ma pe equipped with

polyvinylidene (Muoride microp (Millipore, B d. MA,
USA) by & semi-dry transblot system {Atto, Tokvo, Japan). The membrane
was blocked with 5% skim milk and 50 mM Tris-HCV 130 mM NaCl (pH 7.6)
containing 0.1% Tween (TBS-T) af room temperature for | h and then incu-
bated with mouse monoclonal anti-tenascin-C antibody (IBL) overnight a
4°C. After washing 3 lim.llu: membrane was mcubated with the appropn-
ale h dish peroxi labeled secondary antibody (Amersham
Biosciences, Enchnslnmshn UK) for | h. The signal was visualized using
ECL detection reagents (Amersham Biosciences) by the chemiluminescence

appropriate filters und photographed ot equivalent exposures.

Chondrocyte isolation and culmre. Chondrocytes were 1solated from human
articular carufage during knee replacements under sterile conditions.
Cantilage (mgments were sharply curetted from the femoral condyles and the

tibial plateans of knee joimnts. Fi were bated in 0.8% p solu-
tion (Calhiochem, D it Ci ) dissol mDnllimcnaumdLﬁ:d
Eagle’s mediuvm/Ham F]ZiDMFJWFI! Gibeo, Grand Island, NY, USA) for
30 min at 37°C with continuing agitation in an iphere of 5% CO,. After

they were washed in DMEM/F12, cantilage pieces were incubated with 0.4%
collagenase (Roche, Penzherg, Germany) in DMEM/F12 for %0 min a 37°C
with orbital mixing. The cell suspension was filiered using a 70-pm pore-size
nylon filler (BD Biosciences, Bedford, MA. USA) to remove the tissue
debris. The filtrate was centrifuged for 5 min at 1200 rpm. The cells were
washed in DMEM/F12 with 10% fetal bovine serum (FBS) 3 times and plat-
ed at 1 x 10° cellswell on 6-well tissue culture plates (Becton Dickinson
Labware. Franklin Lakes. NJ. USA) in DMEM/F12 supplemented with 10%
FBS, 10 pg/ml gentamicin (Gibeo), and 25 ug/ml ascorbic acid (Sigma, St
Louis, MO, USA), The purity of cells was checked by immunofluorescent
staining of chondroitin sulfate (Seikagaku Corp.. Tokyo, Japan) and type Il
collagen (Daiichi Fine Chemical, Toyama, Japan), The positive cells fonned
over 85% in both cases (data not shown). Chondrocytes were grown @ 37°C
in a humidified atmosphere of 3% CO, and 95% air. and the medium was
changed every 2 days. All experiments were performed using the cells of pn-
mary or secondary cultures isolated from 10 different patients with OA joints

Iamunofluorescence for cultured chondrocytes. Chondrocytes were culiured

L In order W ensure that equal amounts of 1otal proteins were charged,
signals were normalized against 8-actin (Santa Cruz Biotechnology. Santa
Cruz, CA. USA)L

RNA euraction and cDNA synthesis for quantitative real-time polymerase
whain reaction (PCR). After the cells were 80% 10 %0% confluent, chondro-
cytes were treated with differem concentrations of TNF-u in the sbsence or
presence of 100 ug/ml SN50 peptide under a serum-free condition with 0.1%
BSA. Total RNA was isolated vsing Isngen {hq:pmﬁem Toyama, Japan)
according 1o the manufacturer’s i v DNA (cDNA)
synthesis was performed by oligo(dT),, priming I’m 1 pg of total RNA
using a cDNA synthesis kit (Roche) sccording 10 the manufacturer's proto-
cols, TagMan gene expression assay pnmer-probe pairs were ordered for
detection of tenascin.C (assay no. Hs0233648-ml) and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH; assay no. Hs99999905-ml), Quantitative
analysis of the cDNA was performed using the ABI Pnsm 7000 Sequence
Detector System (Applied Biosystems, Foster City, CA, USA) and TagMan
Universal PCR Master Mix (Roche ). The thermal cycling conditions consist-
ed of 30°C for 2 min, 95°C for 10 min, and 40 cycles of 95°C for 15 s and
60°C for | min. GAPDH was used as the housekeeping gene for i | con-
trol. Tenascin-C mRNA levels were normalized by GAPDH lewels of each
sample. The levels were expressed as an x-fold induction compared with
untreated cells.

Statistical analysis, All data were expressed as mean = standard deviation
(SD). Numeric data were statistically evaluated by the Mann-Whitney Ustest
using Stat- View sofi {Abacus Concepts. Berkeley, CA. USAL A p value
less than 0005 was considered statistically significant.

—]_Personal non-commercial use only. The Journal of Rheumatology Copyright © 2008 All rights reserved. f———
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RESULTS
Imununofluorescence Double
immunolabeling of tenascin-C and the activated RelA subunit

Jor :.'J'.'.‘n"d_:,'(' speciments
of NF-kB was performed in tissue specimens of OA and nor
mal cartilages. In normal articular cartilage. tenascin-C stain
ing was rarcly observed in the superficial and upper-middle
zones, and nuclear staining of active RelA was not found
(Figure 1A). Conversely, tenascin-C labeling was strong in the
pericellular and interterritorial areas in the superficial and
upper-middle zones of OA specimens. Chondrocytes with

lower-middle and

Figure 2
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in OA specimens (Figures 1B, 1C). Nes
incubated with isotype-matched control for the normal and
OA cartilage showed complete absence of immunostaming
(Figure 1D)

Immunofluorescence for cultured chondrocytes. We examined
NF-xB signaling afier TNF-a treatment in cultured chondro
cytes. While only weak nuclear staining was seen in untreated
cells, treatment of the cells with 100 ng/ml TNF-a resulted in
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apparent nuclear staining of active RelA in chondrocytes
(Figures 2A, 2B). And the results showed that SN50 inhibited
expression of activated RelA in nucleus (Figure 2C). When
chondrocytes were treated with TNF-a., more abundant vesicles
containing tenascin-C protein were observed in the cytoplasm
thian 1n the cells without TNF-a treatment as controls, indicat-
ing increased production of tenascin-C proteins in chondrocytes
{Figures 2D, 2E). Moreover, SN50 inhibited the increases of
tenascin-C expression (Figure 2F). Negative control slides
ncubated with isotype-maiched controls for the cells showed
complete absence of immunostaining (Figure 2G).

Western blor analysis. Tenascin-C protein produced by cul-
tured chondrocytes was also analyzed by Western blotting. An
anti-tenascin-C antibody, 4F10TT, which is specific to the
extracellular growth factor-like domain, reacted with all
tenascin-C variants with molecular weights of 350 to 210 kDa.
In chondrocyte lysates, the major band was seen at 350 kDa,
comigrating with the large variants of human glioma tenascin-
C (Figure 3: L). The smallest variant (Figure 3: §). which lacks
the altematively spliced FN I repeats and has a molecular
weight of 210 kDa, was weakly labeled. Treatment of chon-
drocytes with TNF-a increased significantly in expression of
tenascin-C. especially the large variants (Figure 3).
Quantitative real-time PCR. We determined tenascin-C upreg-
ulation in OA chondrocytes stimulated by TNF-a and TNF-a

kDa

-L
250
-8

150—

100=

0 -

1 2
Figure 3. Western blot analysis of lysates from cultured chondrocytes incu-
bated with or without TNF-t. After TNF-a bands for C,
particularly the lasge vamanis, were denser and thicker (lane 2) compared
with no (lane 1). Py of the largest (L) and smallest (S) bands
of human ghoma tenascin-C, which comigrated in the gel, are indicated.
Molecular weights of standard proteins are indicated on the left

with SN50 at the mRNA level (Figure 4). Quantitative real-
time PCR revealed that the tenascin-C mRNA level was
increased in response to 1 ng/ml TNF-a (190 = 0.73: p <
0.05) in comparison with the level in untreated cells. The ley-
els were also significanly upregulated by TNF-a treatment of
10 ng/ml TNF-a (2.92 = 1.51: p <0.01) and 100 ng/ml (302
= 1.30: p < 0.01) in a dose-dependent manner. In addition,
SN30 suppressed the tenascin-C expression stimulated by
TNF-a of 1 ng/ml (1,06 =020; p < 0.05). 10 ng/ml (120 =
0.32; p <0.01), and 100 ng/mi (1.40 =0.29: p < 0.05), respec-
tively.

DISCUSSION

We noted strong tenascin-C immunostaining, mainly in the
pericellular and interterritorial matrix of chondrocytes, as well
as fibrillated cartiluge. as described in previous studies'>'¥,
We also demonstrated that enhanced tenascin-C labeling was
associaled with clusters of chondrocytes showing nuclear
staining of active RelA subunit. Previous studies demonstrat-
ed that treatment of explants from OA cartilage with [L-18
shows an enhanced lenascin-C staining in both the pericellu-
lar and interterritorial zones®2, and that IL-18 stimulation
induces activation of RelA subunit in human ostecarthritic
chondrocytes™, Strong tenascin-C staining in the OA carti-
lage was considered to be induced by these proinflammatory
eytokines through NF-kB signaling. [t has been reported that
chondrocytes isolated from OA express proinflammatory
cytokines und their receptors more highly than normal cells™.
Indeed. IL-18 stimulates expression of tenascin-C mRNA in
cultured chondrocytes in vitro'®.

To examine whether TNF-cx also stimulates tenascin-C
synthesis, we examined tenascin-C expression in cultured
chondrocytes isolated from OA cartilage and observed that
TNF-a induces nuclear translocation of active RelA: more-
over, our results showed that SN50 inhibited activated RelA
expression in nucleus of chondrocytes™37, We observed that
TNF-a stimulated the expression of tenascin-C on protein and
mRNA levels, using immunofluorescence and quantitative
real-time PCR. We also found that SNSO inhibited the
immunostaining and mRNA expression of tenascin-C stimu-
lated by TNF-cx. Western blouting showed dominant secretion
of large tenascin-C variants in human articular chondrocytes.
Thus, our findings revealed that TNF-a could stimulate
tenascin-C production. through NF-xB signaling with RelA
activation in chondrocyles.

It has been considered that TNF-a stimulates different
pathways of life and death through activating the transcription
factor NF-kB. and that hyperactivation of NF-xB promotes
cell survival and/or cell proliferation in most cell types®+7,
The common combination in NF-xB complex is a pSO-RelA
heterodimer that is combined with IxB protein, which inhibits
the translocation of the NF-KB complex into the nucleus.
Stimuli such as TNF-«t and [L- 18 dissociate the NF-xB com-
plex from IxB and translocate it into the nucleus. This active
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Relative TN-C mRNA levels
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Figure 4. Regulation of wnascin-C mRNA after treatment with TNF-a and TNF.ax + SN50
Expression of tenascin-C mRNA was increased by addition of 1 ng/ml TNF-c. Significant stimula-
wory effects of 10 ng/ml TNF-a were observed and were similar 1o those of 10X ng/ml TNF-a
Expression of tenascin-C mRNA sumulated at each concentration of TNF-a was inhibited by SN50
Tenuscin-C mRNA levels were nonnalized by the GAPDH level of each sample. Data are expressed
as values relative o levels in the control cells without TNF-a and SN50 treatment. Values are mean
= standard devistion. *p < 0.05; **p < 001 versus control cells. *p < 0.05 versus | ng/ml TNF-u-
stimulated cells: #p < 001 versus 10 ng/ml TNF-u-stimulated cells; **p < 0.05 versus 100 ng/ml

TNF-ce-stimulated cells.
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Prothrombin fragment 1 + 2 (F1 + 2) is considered to
be useful for diagnosis of thrombosis. However, the evi-
dence for a diagnosis of thrombosis by F1 + 2 is still not
well established. The plasma concentrations of F1 + 2,
soluble fibrin, D-dimer, and thrombin-antithrombin
complex were measured in 694 patients suspected of
having thrombosis and then were correlated with
thrombosis. Plasma concentrations of F1 + 2, soluble
fibrin, D-dimer, and thrombin-antithrombin complex
were significantly higher in patients with thrombosis,
compared with patients without thrombosis. When

cutoff values of more than 300 pmol/L for F1 + 2 were
used for the diagnosis, more than 50% of the patients
were thus found to have thrombosis. The findings
showed that F1 + 2, soluble fibrin, D-dimer, and thrombin-
antithrombin complex have similar diagnostic ability.
The plasma concentration of FI + 2 closely was well
correlated with thrombin-antithrombin complex. solu-
ble fibrin, and D-dimer. Finally, F1 + 2 is one of the
most useful parameters for the diagnosis of thrombosis.

Keywords: thrombosis; F1 + 2; SF, D-dimer; TAT

e prothrombin fragment 1 + 2 (F1 + 2) is

I cleaved from the aminoterminal end of human
prothrombin when this zymogen is activated by
factor Xa to yield thrombin.' The determination of
human F1 + 2 in plasma with an antibody against a
synthetic peptide has been reported.* Monitoring of
F1 + 2 in patients treated with oral anticoagulants**
and elevated plasma levels of F1 + 2 in patients with
disseminated intravascular coagulation (DIC)** have
been reported. Increased plasma level of thrombin-
antithrombin complex (TAT)" also reflected with
thrombin generation such as enhanced F1 + 2 levels.
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Disseminated intravascular coagulation®’ is
often observed in patients with leukemia, solid can-
cers, infections, gynecological conditions, and
aneurysms, and it is also frequently associated with
severe bleeding and organ failure. Because DIC is
frequently a fatal condition,' it is important to diag-
nose DIC at an early stage using hemostatic molecular
markers.!! Pulmonary embolism (PE) is a common,
frequently undiagnosed, and potentially fatal cause
of several common symptoms, for example, dysp-
noea and chest pain.'*" Because PE is often a fatal
disease caused by deep-vein thrombosis (DVT), the
early evaluation of DVT'® and PE'® is therefore con-
sidered to be clinically important.

Fibrin-related markers such as D-dimer, fibrin
and fibrinogen degradation products, and soluble
fibrin (SF) are considered to be useful for the diag-
nosis of thrombosis. These markers are reported to be
elevated in DVT/PE,'™ DIC,*** acute myocardial
infarction (AMI),2?* and thrombotic thrombocy-
topenic purpura.®® In this regard, D-dimer has been
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Table 1. Clinical Characteristics of the Patients Included in the Study

Underlying Diseases Total Without Thrombosis With Thrombosis Rate (%)
Solid cancer 191 167 24 1255
Orthopedic diseases 178 150 28 16.0
Cardiovascular diseases 60 53 7 12.0
Collagen diseases 36 33 3 8.0
Digestive diseases 36 34 2 6.0
Infectious diseases 29 18 11 38.0
Hematological diseases 26 20 6 23.1
Diabetes mellitus 16 11 5 31.3
Without underlying diseases 15 0 15 100
Aneurysm and varicose 12 5 7 58.3
Trauma and bum 11 5 6 54.5
Obstetric diseases 6 6 0 0
Thrombophilia - 2 2 50.0
Other diseases 11 11 0 0
Total 633 517 116 18.3

reported to be a negative predictor for DVT and less
than 0.5 ug/mL of D-dimer is considered to exclude
DVT in the most commonly used D-dimer assays in
Europe and North America.!” The International
Society of Thrombosis and Haemostasis (ISTH)
established the diagnostic criteria for overt-DIC
using fibrin-related markers.** D-dimer is widely
used to diagnose thrombosis as DVT, but many of
the commercially available D-dimer assay kits contain
different monoclonal antibodies and standard sub-
stances, and are based on different assay systems.
The issue of standardization of D-dimer assays
remains to be resolved, and several studies?** have
reported the basic data for standardization of D-dimer.

The present study was designed to evaluate the
cutoff values of F1 + 2 in the diagnosis of thrombo-
sis such as DVT, DIC, cerebral thrombosis, and AMI
prospectively and to compare the findings to those
for TAT, D-dimer, and SF. For this purpose, we
determined the plasma concentrations of these mol-
ecules in 694 patients suspected of having thrombo-
sis and also in 67 healthy volunteers.

Materials and Methods

Subjects

From June 1, 2003 to September 31, 2004, 694
patients (age range = 57.7 = 17.8 years; mean = =SD
398 females and 296 males) were suspected to have
thrombosis (DVT, DIC, cerebral thrombosis or acute
myocardial infarction) at hospitals affiliated with
Mie University Graduate School of Medicine. The
plasma concentrations of F1 + 2, SF, TAT, and D-dimer
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were examined in these patients and then were cor-
related with thrombosis. The study protocol was
approved by the Human Ethics Review Committees
of participating institutions, and a signed informed
consent form was obtained from each subject.
Thirty-four patients within 3 days after operation
(OPE) and 29 patients who had undergone liver
transplantation (LT) were excluded from analysis of
the cutoff value. However, of the remaining 631
patients, 515 patients did not have any thrombosis,
whereas 116 patients had thrombotic diseases, 66
with DVT, 27 with DIC, 10 with cerebral vascular
accidents due to thrombosis (CVA), 5 with AMI, 4
with portal vein thrombosis, and 4 with arterioscle-
rosis obliterans. Deep-vein thrombosis was diag-
nosed by either ultrasonography or venography.
Disseminated intravascular coagulation was diagnosed
based on the ISTH overt-DIC diagnostic criteria.”
Cerebral vascular accidents due to thrombosis were
diagnosed either by computed tomography or by
magnetic resonance imaging, and AMI was diag-
nosed by electrocardiograms and clinicolaboratory
data. The underlying diseases of these patients are
shown in Table 1.

Citrated blood samples were obtained from the
peripheral veins of healthy subjects (see below) and
from patients under fasting conditions. The blood
samples were then centrifuged for 20 minutes at
3000 rpm. The supernatants (plasma) were analyzed
within 4 hours. The plasma concentrations of F1 + 2,
SF, TAT, and D-dimer were measured in patients with
thrombosis at the onset and those without thrombosis
at first consultation. The same parameters were also
measured in 67 healthy subjects (age range = 38.6 +



17.7-vears-old; 58 males and 9 females) who were free
of any diseases including thrombotic disease or hyper-
lipidemia. as confirmed by annual medical checkup.

Measurement of Plasma Concentrations
of F1 + 2, TAT, D-Dimer, and SF

The plasma levels of F1 + 2 were measured by a new
* enzyme-linked immunosorbent assay (ELISA) for the
determination of F1 + 2 (Dade Behring Marburg
GmbH, Marburg, Germany). Two different mono-
clonal antibodies in this kit recognize the terminal
end of N fragment 2. The plasma levels of TAT were
measured using the TAT test (Sysmex, Kobe, Japan)
by ELISA. The plasma D-dimer levels were measured
by LPIA-ACE D-dimer (Mitsubishi Kagaku latron
Ine, Tokyo, Japan) using JIF23 monoclonal antibody.
The JIF23 monoclonal antibody, which recognizes
plasmin-digested N-terminus of the y chain on the D
region, was used for latex agglutination.” Soluble fibrin
was also determined by the latex agglutination method
using IATRO SF (Mitsubishi Kagaku latron Inc)
containing monoclonal antibody [F-43, which recog-
nizes a segment of the fibrin Aa chain (Aa-17-78)
residue segment exposed in the E region of fibrin
monomer (FM) when the FM molecule binds to the
D region of another FM or fibrinogen. The antibody
is coated for the SF assav.™®

Statistical Analysis

The data are expressed as mean + SD. Differences
between groups were examined for statistical signifi-
cance using the Mann-Whitney U test, whereas the
correlation between the 2 variables was evaluated by
Pearson's correlation analysis. A P value of less than .05
denoted the presence of a statistically significant dif-
ference. The usefulness of D-dimer and SF for the
diagnosis of thrombosis, DVT, and DIC were examined
by a receiver operating characteristic (ROC) analysis.*
The cutoff values were determined by an ROC analy-
sis. All statistical analyses were performed using the
SPSS 11 software package (SPSS, Tokyo, Japan).

Results

The frequency of thrombotic diseases was high in
patients with solid cancer, orthopedic diseases,
hematological diseases, infectious diseases, cardio-
vascular diseases, diabetes mellitus, and aneurysm
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(Table 1). In healthy subjects, plasma concentra-
tions of F1 + 2 were not distributed normally, with a
maximum value of 214 pmol/L, minimum value 42
pmol/L, and median value of 121 pmol/L. The 95%
confidence interval (95% CI) of F1 + 2 was from 56
to 213 pmol/L.

The plasma levels of F1 + 2, SF, D-dimer,
and TAT (median; 25-75 percentile) were signifi-
cantly higher in the patients with thrombosis (516
pmol/L; 349-709 pmol/L, 18.49 pg/mlL; 8.68-35.24
ug/mL, 11.38 pg/mL; 6.58-19.06 pg/mL, and 15.87
ng/mL; 9.04-36.98 ng/mL, respectively), OPE (431
pmol/L; 331-520 pmol/L, 13.32 pug/mL; 8.17-22,10
pg/mlL, 7.32 pg/mL; 3.04-12.78 ug/mL, and 17.38
ng/mL; 13.04-32.87ng/mL, respectively), and LT
(5390 pmol/L; 249-985 pmol/L, 16.03 pg/mL; 5.60-
24.08 pg/ml, 6.54 pg/mL; 2.67-12.68 pg/mL,
and 19.36 ng/mL; 12.69-32.51 ng/mL, respectively)
than in those without thrombosis (192 pmol/L; 138-
274 pmol/L, 2.79 pg/mL; 0.76-5.29 ug/mL, 0.88
pg/mL; 0.45-2.27 pg/ml, and 2.43 ng/mL; 1.58-
5.50 ng/mL; P < .01, each; Figure 1). On other hand,
the plasma concentrations of F1 + 2, SF, D-dimer,
and TAT were significantly higher in patients with-
out thrombosis than in healthy subjects (P < .01, each).

Figure 2 shows the positive predictive values
(PPV) and negative predictive values (NPV) for sev-
eral cutoff values of F1 + 2 in patients with throm-
bosis. When F1 + 2 levels of >300 pmol/L. were
used, more than 50% of the patients, excluding
either those with LT or those who had undergone an
operation, had some thrombosis and NPV for
thrombosis was >95%. When the cutoff values were
set at <100 pmol/L for F1 + 2, NPV for thrombosis
was 100%, but PPV was <25%.

An ROC analysis showed the curves of F1 + 2,
SF, D-dimer, and TAT to be similar and useful for the
diagnosis of all thromboses (Figure 3). The area
under the curve (AUC) of those markers was
markedly high (Table 2). An ROC analysis provided
adequate cutoff values of F1 + 2 (300 pmol/L), SF
6.8 (ug/mL), D-dimer (3.0 pg/mL). and TAT (7.8
ng/mL) for the diagnosis of all thromboses (Table 3).
The sensitivity and specificity of F1 + 2 were 86.2%
and 80.6%, respectively. These statistical values of F1
+ 2 were similar to those of other molecular markers.

Table 4 shows the correlation between F1 + 2
and other hemostatic molecular markers. The
plasma levels of F1 + 2 were closely correlated with
SF, D-dimer, and TAT, and the correlation between
F1 + 2 and TAT was the best.
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Figure 1. Plasma levels of F1 + 2, SF, D-dimer, and TAT in patients with or without thrombosis, those after the operation and
those after LT, SF indicates soluble fibrin; TAT, thrombin-antithrombin complex; LT, liver transplantation. ** indicates
P < .01 {comparison to withoutr thrombosis). The box shows 25 percentile. median, and 75 percentile. Operation;
patients within 3 days after operation, LT; patients after liver transplantation.
Discussion
100 =
:g : : | The frequency of thrombotic diseases was high in
LI | patients with solid cancer, orthopedic diseases,
*® 70 hematological diseases, infectious diseases, cardio-
E 0 i} vascular diseases, diabetes mellitus, and aneurysm,
% - | L suggesting that prevention of thrombosis will be
z 40 N # important in these underlying diseases. Although
e 30 the sample number was not ideal in this study, DVT
20 | was frequently associated with cancer and
10 orthopaedic diseases, whereas DIC was frequently
073 E E g 238288 §8238¢8¢:3 associated with cancer, infectious diseases, and
F1+2 (pmoliL) aneurysm. Such f."reque!m:le's \:'elie”s:mﬂar to those
reported in previous studies.”'*" Regarding the
underlying disea ; i ith
Figure 2. The PPV and NPV for plasma concentrations of F1 208 ses frequently associated w

+ 2 in thrombosis. PPV indicates positive predictive
values: NPV, negative predictive values. Solid bar
represents PPV and white bar represents NPV.
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thrombosis (eg, DVT and DIC), the risk for throm-
bosis should be evaluated by a simple test. In the
present study, we demonstrated the concentrations
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Figure 3. ROC analysis of F1 + 2, SF, D-dimer, and TAT for
thrombosis. ROC indicates receiver operating char-
acteristic; SF, soluble fibrin; TAT, thrombin-
antithrombin complex. (3) TAT; (@) F1+2; (0) SF:
(®) D-dimer. Y

Table 2. Area Under the Curve of Receiver Operating
Characteristic in F1 + 2, Soluble Fibrin, D-Dimer, and
Thrombin-Antithrombin Complex

ALC
Fl+2 0,938
D-dimer 0.910
SF 0.901
TAT 0.940

NOTES: AUC = area under the curve; SF = soluble fibrin:
TAT = thrombin-antithrombin complex,

of F1 + 2 to be significantly high in patients with
thrombosis such as DIC, DVT, CVA, and AMI, and
these findings were similar to those for SF, D-dimer,
and TAT,

In healthy subjects, the plasma concentrations
of F1 + 2 were not distributed normally, and the 95%
CI of F1 + 2 ranged from 56 pmol/L to 213 pmol/L,
thus indicating that the patients with more than 220
pmol/L of F1 + 2 may have a hypercoagulable state.
In contrast, the plasma levels of F1 + 2 were signif-
icantly high in patients with thrombosis such as the
plasma levels of SF, D-dimer, and TAT. As a result,
high concentrations of SF, D-dimer, and TAT could
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thus be considered as markers of thrombosis,
because these parameters were also reported to be
elevated in DVT.*** DIC,*** and hyperlipidemia.*
It should be noted, however, no prospective studies
have previously evaluated the F1 + 2 assay including
the cutoff value for the diagnosis of thrombosis. The
plasma levels of F1 + 2 were significantly high in
patients with all types of thrombosis although the
levels were also high in some patients who were not
found to have any thrombosis.

More than 50% of patients who had more than
300 pmol/L of F1 + 2 had some thrombosis, sug-
gesting that these patients need anticoagulant ther-
apy such as aspirin for atherosclerotic thrombosis or
warfarin for venous thrombosis. It is considered that
these patients with a high value of F1 + 2 have
hypercoagulable state. D-dimer is also useful for the
diagnosis of DVT, but the cutoff values of D-dimer
should be mentioned in each measurement kit.*

An ROC analysis showed that the curves of F1 +
2, SF, D-dimer, and TAT to be similar. Because both
AUC of these markers, especially F1 + 2 and TAT,
were high in ROC analysis, we believe that these
markers are useful for the diagnosis of either throm-
bosis or a hypercoagulable state. In particular, both
Fl1 + 2 and TAT may be more useful than D-dimer
and SF for the diagnosis of thrombosis by AUC. An
ROC analysis provided adequate cutoff values of
F1 +2 (300 pmol/L), SF (6.8 pg/mL), D-dimer (3.0
ug/mL), and TAT (7.8 ng/mL) for the diagnosis of all
tvpes of thromboses. The sensitivity and specificity
of F1 + 2 were 86.2% and 80.6%, respectively. These
statistical values of F1 + 2 were similar to those
observed for other molecular markers, thus suggest-
ing that the ability to diagnose thrombosis is similar
among F1 + 2, D-dimer, SF, and TAT. Soluble fibrin
has also been reported to reflect the early phase of
DVT/PE, whereas D-dimer reflects secondary fibri-
nolysis after clot formation and the measurements
of both D-dimer and SF may be recommended.’”"’
Both F1 + 2 and TAT reflect an earlier phase of
thrombosis. The plasma levels of F1 +2 were closely
correlated with those of SF, D-dimer, and TAT and
the correlation between F1 + 2 and TAT was best,
thus suggesting that both markers reflect thrombin
formation. Specificity for thrombosis was better in
F1 + 2 than in TAT, thus suggesting that F1 + 2 may
be the most useful marker for the earlier phase of
thrombosis.

In conclusion, our findings suggest that high
concentrations of hemostatic molecular markers,
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Table 3. Cutoff Values of F1 + 2, Soluble Fibrin, D-Dimer, and Thrombin-Antithrombin Complex
Cutoff Values Sensitivity (%) Specificity (%) PPV (%) NPV (%) Odds Ratio
Fl+2 300 pmol/L 86.2 80.6 50.0 96.3 26.07
SF 6.8 ug/mL 89.7 85.0 62.7 97.4 63.01
D-dimer 3.0 pg/mlL 82.8 824 51.3 95.5 22.47
TAT 7.8 ng/mL Bl.4 B2.4 724 90.4 24.79

NOTE: PPV = pasitive predictive values; NPV = negative predictive values; SF = soluble fibrin; TAT = thrombin-antithrombin complex.

Table 4. Correlation Between F1 + 2 and Other Hemostatic Molecular Markers®

Fl+2 SF D-Dimer TAT
Fi+2 1.0 0.543 (P < .001) 0.681 (P < .001) 0.760 (P < .001)
SF 0.543 (P < .001) 1.0 0.588 (P < .001) 0,691 (P <.001)
D-dimer 0.681 (P <.001) 0.588 (P < ,001) 1.0 0.710 (P < .001)
TAT 0.760 (P <.001) 0.691 (P < .001) 0.710 (P < .001) 1.0

NOTE: SF = soluble fibrin; TAT = thrombin-antithrombin complex.
“The numbers show the correlation coefficients.

especially F1 + 2 which is also known as a marker
for a hypercoagulable state, reflect a high risk for
thrombosis.
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