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Fluoroquinolone-associated Tendinopathy
Wen-Chung Tsai, MD, PhD; Yun-Ming Yang, MD
The fluoroquinolones (FQs) are used to treat a wide range
of infections because of their excellent gastrointestinal absorption, superior tissue penetration and broad-spectrum activity.
Recently, FQ-associated tendinopathy and tendon rupture have
been reported, especially in the elderly and patients with diabetes and renal failure. However, these adverse effects do not
appear to be widely known among physicians. Because of the
frequent use of FQs in clinical practice, physicians should be
aware of their potential for severe disability from tendon rupture. Achilles tendinopathy or rupture is among the most serious side effects associated with FQ use, with reports markedly
increasing, especially with the use of ciprofloxacin. The
histopathologic findings include degenerative lesions, fissures,
interstitial edema without cellular infiltration, necrosis and
Dr. Wen-Chung Tsai
neovascularization. There are possible molecular mechanisms
accounting for FQ-associated tendinopathy. First, ciprofloxacin mediates inhibition of cell
proliferation and G2/M cell cycle arrest in tendon cells by down-regulation of cyclin B and
cyclin-dependent kinase 1. Second, ciprofloxacin inhibits the spead and migration of tenocytes by down-regulation of focal adhesion kinase phosphorylation. Third, ciprofloxacin
enhances the enzymatic activity of matrix metalloproteinase-2 with degradation of type I
collagen. Management of FQ-associated tendinopathy includes immediate discontinuation of
FQs, rest, non-steroidal anti-inflammatory drugs, physical modalities and eccentric strengthening exercise. Tendon rupture may require surgical intervention. (Chang Gung Med J
2011;34:461-7)
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T

he fluoroquinolone (FQ) class of antibiotics
(e.g., ciprofloxacin, levofloxacin, moxifloxacin)
has been used to treat a wide range of infections
because of its excellent gastrointestinal absorption,
superior tissue penetration and broad-spectrum activity.(1) The FQs are now recommended for treatment
of community-acquired pneumonia and acute exacerbation of chronic bronchitis.(2,3) FQs can also be used

to treat infections such as urinary tract infection,
prostitis and sinusitis.(4)
FQs are considered to be relatively safe and
well tolerated. The most frequently reported adverse
events are gastrointestinal (1-7%), neurological (0.10.3%), cutaneous eruptions (0.5-2.5%), gait disturbance (1%), elevation of serum transaminases (1.82.5%), myalgia (< 0.4%) and althralgia (0.4%).(5-7) In
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addition, cumulated case reports indicate that FQs
predispose to tendinopathy and even tendon rupture.
In July 2008, the Department of Health,
Republic of China (Taiwan) issued a warning that
FQs may induce tendinopathy or tendon rupture.
However, physicians do not appear to be familiar
with these adverse effects. Because of the frequent
use of FQs in clinical practice and the potential for
severe disability from tendon rupture, especially in
the elderly, this article reviews the epidemiology,
pathophysiology, molecular mechanisms, symptoms
and signs as well as treatment regimens related to
FQ-associated tendinopathy and tendon rupture.
Physicians need to be reminded of this uncommon
but potentially devastating adverse drug reaction.
Epidemiology

(Achilles) FQ-associated tendinopathy was first
reported in 1983,(8) in a 56-year-old renal transplant
patient who was treated with norfloxacin for a urinary tract infection with septicemia and subsequently
developed Achilles tendinopathy. The first case of
ciprofloxacin-associated tendon rupture was reported
in 1987.(9) Since then, nearly 100 case reports and
case-controlled studies related to FQ-associated tendon injury have been published.(10-12)
The mean age of patients with FQ-associated
tendinopathy is 64 years, with a male-to-female ratio
of 2:1, and 27-percent of patients have bilateral
involvement. (13) The incidence of FQ-associated
tendinopathy or tendon rupture in an otherwise
healthy population is rarely reported, and is estimated to be 0.14% to 0.4%.(14-16) A study from the United
Kingdom calculated the excess risk for FQ-associated tendinopathy at 3.2 per 1000 patient years.(17) The
incidence of FQ-associated Achilles tendon rupture
was estimated as 2.7 per 10000 patients for ofloxacin
and 0.9 per 10000 patients for ciprofloxacin.(14)
Ciprofloxacin was reported to be the most common FQ in 90% of FQ-associated tendon disorders,
with the risk of tendinopathy appearing to be dose
independent.(18) Norfloxacin, ofloxacin, pfloxacin and
levofloxacin have also been associated with tendon
disorders.
Risk factors

The reported risk factors for FQ-associated
tendinopathy and tendon rupture include systemic
corticosteroid therapy, renal failure, diabetes melli-
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tus, sports activity, history of musculoskeletal disorders and age over 60 years.(17,19,20) Forty-one percent
of the reported patients concomitantly used corticosteroids. Some patients had been taking long-term
oral corticosteroids. Others had recieved a corticosteroid injection within the past 3 days. (7,9,21-23)
Furthermore, patients older than 60 years were at a
1.5-fold and a 2.7-fold greater risk for development
of tendinopathy and tendon rupture, respectively,
compared with patients less than 60 years of age.(10)
End- stage renal disease was also postulated as a risk
factor, since 12% of cases were associated with renal
disease alone.(9,21,22,24) Other factors such as obesity,
hyperlipidemia and hyperparathyroidism are wellknown risk factors for tendinopathy or tendon rupture, and their risk potential is possibly exacerbated
by concomitant FQ use.(10)
Pathophysiology

There are few reports of FQ-associated tendon
injury in which histopathology was obtained. The
pathologic features of degenerative lesions, fissures,
interstitial edema without cellular infiltration, necrosis and neovascularization were demonstrated in a
68-year-old man who had been treated with
pefloxacin for 3 months.(24) Abnormal fiber arrangement and structure with fibrotic areas, hypercellularity with rounded nuclei, neovascularization, and
increased glycosaminoglycans in the extracellular
matrix were seen. Necrosis has been noted in other
patients who received norfloxacin and
ciprofloxacin.(25,26) The mechanism of FQ-associated
tendinopathy may be related to direct toxicity to the
collagen because of the rapid onset of tendon
injury.(21) It was reported that tendinopathy occurred
hours after a single dose, which further supports
direct cytotoxicity.(27,28)
Molecular mechanisms of FQ-associated
tendinopathy

The exact mechanism of FQ-associated
tendinopathy remains to be investigated. FQs act by
inhibition of bacterial DNA gyrase (topoisomerase
II) which is directly involved in DNA replication and
cell division.(5) Animal studies have demonstrated
disorganization of the extracellular matrix (ECM),
inflammation of the paratenon and degenerative
changes in tendon cells in fluoroquinolone-treated
rats.(29,30) In addition, in a mouse model, pefloxacin
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was demonstrated to induce a change in proteoglycan synthesis in the Achilles tendon.(31) Edema and
increased mononuclear cells were noted in the tendon sheath of the Achilles tendon in a juvenile rat
model.(31) The fluoroquinolone class of antibiotics has
been documented to exert a number of effects on various cell types in vitro, including reduced expression
of some ECM proteins,(18,27) decreased mitochondrial
activity, (27) enhanced matrix metalloproteinase
expression,(18,32-34) non-cytotoxic inhibition of tendon
cell proliferation,(18,34) and inhibition of tendon cell
migration.(35)
For the injured tendon, the healing process can
be divided into three overlapping phases: (1) inflammation; (2) regeneration; and (3) remodeling and
maturation.(36) In the regenerative phase of tendon
injury, the tendon cells migrate into the repaired site
and proliferate actively, and are responsible for the
abundant deposition of ECM (mainly type I collagen) in the tissue.(37) In vitro studies have revealed
possible molecular mechanisms of ciprofloxacinassociated tendinopathy. It was reported that
ciprofloxacin mediated inhibition of cell proliferation and G2/M cell cycle arrest in tendon sells. (36)
Furthermore, down-regulation of cyclin B and cyclin
dependent kinase 1 as well as mitotic arrest with
misaligned chromosomes and poor bipolar spindle
formation were demonstrated in ciprofloxacin-treated cells. Down-regulation of check-point kinase 1
and up-regulation of polo-like kinase 1 may further

account for the mitotic arrest. Meanwhile,
ciprofloxacin inhibits tenocyte speading and migration in a process that is probably mediated by inhibition of focal adhesion kinase (FAK)
phosphorylation. (36) It was also revealed that
ciprofloxacin affected collagen metabolism by upregulating the expression of matrix metalloproteinase-2 (MMP-2) in tendon cells at the mRNA and
protein levels. Ciprofloxacin also enhanced the enzymatic activity of MMP-2 with degradation of type I
collagen.(34) In addition, immunohistochemistry confirmed the increased expressions of MMP-2 in
ciprofloxacin-treated tendon explants ex vivo. The
cellular and molecular effects of ciprofloxacin on
tendon cells are summarized in the Fig. 1. These
findings indicate that ciprofloxacin exerts a negative
impact on migration and proliferation as well as the
collagen metabolism of tenocytes. Thus,
ciprofloxacin might delay a tendon healing process
that may be the cause of FQ-associated tendon
injury.
Symptoms & signs

The clinical manifestation of FQ-associated
tendinopathy is pain, typically of abrupt onset. Other
symptoms include swelling, tenderness, and warmth
or erythema over tendinopathic sites. The Achilles
tendon is most commonly involved in FQ-associated
tendinopathy, occurring in nearly 90% of cases. (38)
Involvement of other tendons, such as the biceps

Tendon cells
+
Ciprofloxacin

•ƔCyclin B, Cdk1, Chk1
•ƓPIK1

ƔPhosphorylation of
focal adhesion kinase

ƓMMP-2

ƔType 1 collagen
G2/M cell cycle arrest

ƔProliferation

ƔMigration

ƔCollagen metabolism

Fig. 1 The flow chart demonstrates the possible molecular mechanisms accounting for ciprofloxacin- associated tendinopathy or
tendon rupture (Ɠ: up-regulation;Ɣ: down-regulation). Abbreviations used: Cdk1: cyclin dependent kinase1; Chk1: check-point
kinase 1; Plk 1: polo-like kinase 1; MMP-2: matrix metalloproteinase-2.
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brachii, supraspinatus, extensor pollucis longus,(39)
quadriceps,(23) peroneus brevis,(24) and epicondylitis
has also been reported.(21) Some patients have bilateral involvement. Up to 50% of patients develop tendon rupture with nearly 30% of these patients concomitantly taking long-term corticosteroids.(19) It is
noteworthy that nearly 50% of tendon ruptures
occurred without warning.(20) Most tendon ruptures
occur after 2 weeks of drug therapy. It should be
emphasized that they can occur as early as a few
hours after the initial dose or up to 6 months later,
with a median duration of 6 days after FQ therapy.(10)
Diagnosis

A history and physical examination are essential
to make the diagnosis. Patients with tendinopathy
should be questioned about antibiotic use in the preceding 90 days.(28) Most reported patients presented
within 2 weeks of initiation of therapy. Achilles tendon rupture can be diagnosed by Thompson’s test
(loss of plantar flexion when the calf is squeezed).
The diagnosis is usually clinical and may be
confirmed by musculoskeletal ultrasound or, more
precisely, magnetic resonance imaging (MRI).
Ultrasonography is an inexpensive, radiation-free,
easily available imaging modality that is commonly
used to define tendinopathy or tendon rupture.
Hypoechoic areas, consistent with degenerative tissue, and a thickened tendon are important sonographic features of tendinopathy.(39) MRI can also be
used to identify tendinopathy or tendon rupture and
can define the precise extent of involvement. It is
also reported that MRI can classify tendinopathy and
detect a risk of rupture.
Treatment

Treatment includes immediate discontinuation
of FQ therapy at the earliest diagnosis of tendinopathy, rest and use of analgesics/anti-inflammatory
medications.(40,41) Physical therapy including ultrasound diathermy, electrotherapy, taping and eccentric
exercise can be added to the treatment regimen.
Traditionally, rest was regarded as an effective treatment for tendinopathy. However, there has been a
move toward early rehabilitation for tendinopathy in
both operatively- and nonoperatively- managed tendon disorders.(42,43) In controlled trials, heavy-loading
eccentric exercises improved tendon pain in the short
term(44,45) and could lead to normalized tendon struc-
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ture.(46) Weight-bearing restriction is applied for 2 to
6 weeks for mild tendinopathy. Tendon rupture can
be treated conservatively by casting and prolonged
rest or, more frequently, by surgery. Immobilization
for 6 weeks to 6 months should be ensured.(7,27) Once
FQ-associated tendinopathy is suspected, a patient
should not be rechallenged with FQ.(27)
Recently, guidelines have been proposed for the
use of FQ in athletes. First, athletes should avoid the
use of FQ antibiotics unless no alternative is available. Second, oral or injectable corticosteroids
should not be used concomitantly with FQ. Third,
athletes, coaches and training staff should understand
the potential risk of development of this complication. Fourth, close monitoring should be done for 1
month after completion of FQ use.(47) Physicians, athletes and coaches should follow these guidelines to
prevent FQ-associated tendinopathy or tendon rupture in athletes.
Conclusion

FQ-associated tendinopathy should be considered in patients with musculoskeletal symptoms who
have recently taken FQs. Discontinuation of the
medication and immobilization of the affected joint
should be immediately initiated once a diagnosis of
FQ-associated tendinopathy is made. Patients’ and
physicians’ awareness should be emphasized to
reduce the morbidity associated with FQ-associated
tendinopathy and rupture by prompting earlier diagnosis and treatment.

REFERENCES
1. Physicians’ Desk Reference. 56th ed. Montvale, NJ:
Medical Economics Co., 2002:2537-43.
2. Mandell LA, Marrie TJ, Grossman RF, Chow AW,
Hyland RH. Canadian guidelines for the initial management of community-acquired pneumonia: an evidencebased update by the Canadian Infectious Diseases Society
and the Canadian Thoracic Society. The Canadian
Community-Acquired Pneumonia Working Group. Clin
Infec Dis 2000;31:383-421.
3. Bartlett JG, Dowell SF, Mandell LA, File TM Jra Musher
DM, Fine MJ. Practice guidelines for the management of
community-acquired pneumonia in adults. Infectious
Diseases Society of America. Clin Infec Dis 2000;31:34782.
4. van der Linden PD, van Puijenbroek EP, Feenstra J, Veld
BA, Sturkenboom MC, Herings RM, Leufkens HG,
Stricker BH. Tendon disorders attributed to fluoro-

Chang Gung Med J Vol. 34 No. 5
September-October 2011

465

5.
6.
7.

8.
9.
10.

11.
12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

Wen-Chung Tsai, et al
FQ-associated Tendinopathy

quinolones: a study on 42 spontaneous reports in the period 1988 to 1998. Arthritis Rheum 2001;45:235-9.
Hooper DC, Wolfson JS. Drug therapy: Fluoroquinolone
Antimicrobial agents. N Engl J Med 1991;324:384-94.
Halkin H. Adverse effects of the fluoroquinolones. Rev
Infect Dis 1988;10 suppl 1:258-61.
Zabraniecki L, Negrier I, Vergne P, Arnaud M, Bonnet C,
Bertin P, Treves R. Fluoroquinolone induced tendinopathy: report of 6 cases. J Rheumatol 1996;23:516-20.
Bailey RR, Kirk JA, Peddie BA. Norfloxacin-induced
rheumatoid disease. N Z Med J 1983;96:590.
McEwan SR, Davey PG. Ciprofloxacin and tenosynovitis.
Lancet 1988;2:900.
Corrao G, Zambon A, Bertu L, Mauri A, Paleari V, Rossi
C, Venegoni M. Evidence of tendinitis provoked by fluoroquinolone treatment: a case control study. Drug Saf
2006;29:889-96.
Royer RJ, Pierfitte C, Netter P. Features of tendon disorders with fluoroquinolones. Therapie 1994;49:75-6.
Pierfitte C, Gillet P, Royer RJ. More on fluoroquinolone
antibiotics and tendon rupture. N Engl J Med
1995;332:193.
Akali AU, Niranjan NS. Management of bilateral Achilles
tendon rupture associated with ciprofloxacin: a review
and case presentation. J Plast Reconstr Aesthet Surg
2008;61:830-4.
Wilton LV, Pearce GL, Mann RD. A comparison of
ciprofloxacin, norfloxacin, ofloxacin, azithromycin and
cefixime examined by observational cohort studies. Br J
Clin Pharmocol 1996;41:277-84.
van der Linden PD, van de Lei J, Nab HW, Knol A,
Stricker BH. Achilles tendinitis associated with fluoroquinolones. Br J Clin Pharmacol 1999;48:433-7.
Lafon M. Tendinopathies et fluoroquinolones. Concours
Med 1993;115:819-25.
van der Linden PD, Sturkenboom MC, Herings RM,
Leufkens HG, Stricker BH. Fluoroquinolones and risk of
Achilles tendon disorders: case-control study. BMJ
2002;324:1306-7.
Williams RJ 3rd, Attia E, Wickiewicz TL. Hannafin JA.
The effect of ciprofloxacin on tendon, paratenon, and capsular fibroblast metabolism. Am J Sports Med 2000;28:
364-9.
Khaliq Y, Zhanel GG. Fluoroquinolone-associated
tendinopathy: a critical review of the literature. Clin
Infect Dis 2003;36:1404-10.
Van der Linden PD, van Puijenbroek EP, Feenstra J, Veld
BA, Sturkenboom MC, Herings RM, Leufkens HG,
Stricker BH. Tendon disorders attributed to fluoroquinolones: a study on 42 spontaneous reports in the period 1988 to 1998. Arthritis Rheum 2001;45:235-9.
Le Huec JC, Schaeverbeke T, Chauveaux D, Rivel J,
Dehais J, Le Rebeller A. Epicondylitis after treatment
with fluoroquinolone antibiotics. J Bone Joint Surg Br
1995;77:293-5.

Chang Gung Med J Vol. 34 No. 5
September-October 2011

22. Ribard P, Audisio F, Kahn MF, De Bandt M, Jorgensen C,
Hayem G, Meyer O, Palazzo E. Seven Achilles tendinitis
including 3 complicated by rupture during fluoroquinolone therapy. J Rheumatol 1992;19:1479-81.
23. Hestin D, Mainard K, Pere P. Spontaneous bilateral rupture of the Achilles tendons in a renal transplant recipient.
Nephron 1993;65:491-2.
24. Jorgensen C, Anaya JM, Didry C, Canovas F. Serre I,
Baldet P, Ribard P, Kahn MF, Sany J. Rev Rhum Mal
Osteoartic 1991;58:623-5.
25. Casparian JM, Luchi M, Moffat RE, Hinthorn D.
Quinolones and tendon ruptures. South Med J 2000;93:
488-91.
26. Petersen W, Laprell H Insidious rupture of the Achilles
tendon after ciprofloxacin-induced tendopathy. A case
report. Unfallchirurgue 1998;101:731-4.
27. Harrell RM. Fluoroquinolone-induced tendinopathy: what
do we know? South Med J 1999;92:622-5.
28. Bernard-Beaubois K, Hecquet C, Hayem G, Rat P,
Adolphe M. In vitro study of cytotoxicity of quinolones
on rabbit tenocytes. Cell Biol Toxicol 1998;14:283-92.
29. Kato M, Takada S, Kashida Y, Nomura M. Histological
examination on Achilles tendon lesions induced by
quinolone antibacterial agents in juvenile rats. Toxicol
Pathol 1995;23:385-92.
30. Shakibaei M, Stahlmann R. Ultrastructure of Achilles tendon from rats after treatment with fleroxacin. Arch
Toxicol 2001;75:97-102.
31. Simonin MA, Gegout-Pottie P, Minn A, Gillet P, Netter P,
Terlain B. Pefloxacin-induced Achilles tendon toxicity in
rodents: biochemical changes in proteoglycan synthesis
and oxidative damage to collagen. Antimicrob Agents
Chemother 2000;44:867-72.
32. Kashida Y, Kato M. Characterization of fluoroquinoloneinduced Achilles tendon toxicity in rats: comparison of
toxicities of 10 fluoroquinolones and effects of antiinflammatory compounds. Antimicrob Agents Chemother
1997;41:2389-93.
33. Corps AN, Harrall RL, Curry VA, Fenwick SA, Hazleman
BL, Riley GP. Ciprofloxacin enhances the stimulation of
matrix metalloproteinase 3 expression by interleukin-1β
in human tendon-derived cells: A potential mechanism of
fluoroquinolone-induced tendinopathy. Arthritis Rheum
2002;46:3034-40.
34. Tsai WC, Hsu CC, Chen CP, Chang HN, Wong AM, Lin
MS, Pang JH. Ciprofloxacin up-regulates tendon cells to
express matrix metalloproteinase-2 with degradation of
type I collagen. J Orthop Res 2011;29:67-73.
35. Tsai WC, Hsu CC, Tang FT, Wong AM, Chen YC, Pang
JH. Ciprofloxacin mediated cell proliferation inhibition
and G2/M cell cycle arrest in rat tendon cells. Arthritis
Rheum 2008;58:1657-63.
36. Tsai WC, Hsu CC, Chen HC, Hsu YH, Lin MS, Wu CW,
Pang JH. Ciprofloxacin-mediated inhibition of tenocyte
migration and down-regulation of focal adhesion kinase

Wen-Chung Tsai, et al
FQ-associated Tendinopathy

phosphorylation. Eur J Pharmacol 2009;607:23-6.
37. Leadbetter WB. Cell-matrix response in tendon injury.
Clin Sports Med 1992;11:533-78.
38. Gültuna S, Köklü S, Arhan M, Aydin F, Mesci P, Usküdar
O. Ciprofloxacin induced tendinitis. J Clin Rheumatol
2009;15:201-2.
39. Yu C, Guiffre B. Achilles tendinopathy after treatment
with fluoroquinolone. Australas Radiol 2005;49:407-10.
40. McGarvey WC, Singh D, Trevino SG. Partial Achilles
tendon ruptures associated with fluoroquinolone antibiotics: a case report and literature review. Foot Ankle Int
1996;8:496-8.
41. Gabutti L, Stoller R, Marti HP. Fluoroquinolones as etiology of tendinopathy. Ther Umsch 1998;55:558-61.
42. Ker RF. The implications of the adaptable fatigue quality
of tendons for their construction, repair, and function.
Comp Biochem Physiol A Mol Integr Physiol 2002;133:
987-1000.

466

43. Stanish WD, Rubinovich RM, Curwin S. Eccentric exercise in chronic tendinitis. Clin Orthop 1986;208:65-8.
44. Maffi N, Lorentzon R, Alfredson H. Superior short-term
results with eccentric calf muscle training compared to
concentric training in a randomized prospective multicenter study on patients with chronic Achilles tendinosis.
Knee Surg Sports Traumatol Arthrosc 2001;9:42-7.
45. Silbernagel KG, Thomeé R, Thomeé P, Karlsson J.
Eccentric overload training for patients with chronic
Achilles tendon pain: a randomized controlled study with
reliability testing of the evaluation methods. Scand J Med
Sci Sports 2001;11:197-206.
46. Öhberg L, Lorentzon R, Alfredson H. Eccentric training
in patients with chronic Achilles tendinosis: normalised
tendon structure and decreased thickness at follow up. Br
J Sports Med 2004;38:8-11.
47. Lavalle M. Medical committee report. USA Weightlifting
Magazine 2003;22:7-33.

Chang Gung Med J Vol. 34 No. 5
September-October 2011

467

ߴ̼ᙷ⟮ڒݷԩϠ৵͔̝҉པঽត
ች͛ᛗ ำځ
ߴ̼( ᙷ⟮ڒݷfluoroquinolone) ԩϠ৵ĂЯѣ։р۞ࡤབӛќத̈́ᖐࡍ˧Ă̈́
ᇃड़ّĂѩᙷԩϠ৵ᇃھజϡڼٺᒚຏߖাĄܕѣధкಡӘߴ̼͔ົᙷ⟮ڒݷ҉པ
ঽតٕ҉པᕝෘĄົౄјҁѐˠҖજ۞̙̈́ܮεਕĄ҃ᓜԖᗁर၆ѩયᗟ̙֭ሢଉĂͷ
ЯࠎѩᙷԩϠ৵ᓜԖ˯࠹༊૱ϡĂٙͽώ͛পѩૻአĄ҉֧ͩૄܠཔߏ૱൴Ϡ҉པঽត۞
҉པĂֹ͍ߏϡᒖʹՒߐ (ciprofloxacin) ̝ޢĄঽநᖐពϯੜّ̼ঽիăෘஶă൴ۆ
ࡪওማ̝ᖐมͪཚĂᖐᗼѪ̈́ҕგາϠĄΞਕ۞̶̄Ϡۏጯ፟ᖼΞਕт˭Ĉ˘ăᒖ
ʹՒߐົԺ҉טཔࡪᆧϠĂֹ֭ࡪฉഇઃд G2/M ഇĄ˟ăѩԩϠ৵ᖣϤࢫҲԊొ⇿ᕆ
፬∰ (focal adhesion kinase) ܑ̝னĂົԺטࡪۊҖ̈́णฟĂˬă֭ᖣϤܳซௐ˟ૄݭኳܛ
ᛳకϨ ۞߿ֹّௐ˘ݭቱࣧకϨ̶ྋĄᓜԖ˯ࡶ࿃҉པঽត۞ந͞ёт˭ĈઃᘽăЃ
िăԸ̟ᙷܧዔ൴ۆᘽۏĂۏநڼᒚᆇጡ̈́ᗓ͕҉˧ૻ̼ྻજඈĄࡶ൴Ϡ҉པᕝෘΞਕᅮ
γࡊ͘ఙڼᒚĄ(طܜᗁᄫ 2011;34:461-7)
ᙯᔣෟĈߴ̼ᙷ⟮ڒݷĂ҉པঽត
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