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Abstract We report a 62-year-old man with rheumatoid
arthritis (RA) who developed nodulosis after methotrexate
(MTX) treatment. The epithelioid cells of nodules were
positive for matrix metalloproteinases (MMP)-2, MMP-3,
MMP-9, and Ki67. The synovial tissues obtained from the
same patient were negative for MMP-3, MMP-9, and Ki67.
This study demonstrated that MTX-induced nodules are
different from synovial tissues in terms of MMP expression,
suggesting the presence of different pathologic mechanisms
and differential MTX susceptibility.
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Introduction

Rheumatoid nodules are characteristiC extra-articular le-
sions often associated with severe or progressive rheuma-
toid arthritis (RA). We recently encountered a RA patient
who developed multiple rheumatoid nodules despite im-
provement of joint symptoms by methotrexate (MTX)
therapy. Occurrence of MTX-induced nodulosis has previ-
ously been reported,”™ but the histopathological analyses of
such nodules have been limited. We obtained rheumatoid
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nodules and joint synovial tissues from a patient with MTX-
induced accelerated nodulosis and compared their patho-
logical features.

Case repori

The patient was a 62-year-old man who presented with RA
in 1986. Gold salt and p-penicillamine therapies were
started in 1988, the former being discontinued because of
onset of proteinuria. Since his arthritis was not controlled
satisfactorily, MTX (5 mg/week) therapy was started in Oc-
tober 1990. He showed remarkable clinical improvement
after one month and received 2.5mg/week of MTX after
May 1993. In 1995, at a total cumulative MTX dose of
~1000mg, multiple subcutaneous nodular masses became
apparent, mainly in his extremities, and increased in size
and number thereafter. He was also suffered from severe
deformities of right toes and forefoot pain during walking.
In March 2002, the patient was admitted to our hospital for
resection of the nodules and resection arthroplasty of his
right toes.

A total of 22 subcutaneous nodules were located on the
bilateral elbows, fingers, buttocks, right knee, bilateral
ankles, right heel, and bilateral feet. All of these nodules
were firm and indolent. The patient had no vascular lesions
or peripheral neuropathy.

Laboratory tests showed an erythrocyte sedimentation
rate of 22 mm/h, white blood cell count of 6170/ul, red blood
cell count of 454 x 10%/ul, platelet count of 17.8 x 10*ul, and
C-reactive protein level of 0.8mg/dl, suggesting that there
was little inflammation. The levels of CH50 and MMP-3
were within the normal range, being 35U/ml and 98.8 ng/ml,
respectively. However, the rheumatoid factor level was high
(8831U/ml). Human leukocyte antigen (HLA) typing
showed that he was HLA-DRB1 *1502 and *0803 positive.

On X-ray, there were no destructive changes to the
shoulder, elbow, hip, knee, or ankle joints, but there was
marked erosion and deformity of the fingers and toe joints.
Chest X-ray showed no abnormalities.
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Fig. 1. A Photomicrograph of the resected subcutanecous nodules and lymphocytes. B Synovial tissue from the same patient showed
showed an amorphous necrotic substance containing neutrophils at the  multilayered synovial cells without pronounced villous prolifcration.
center of nodule, surrounded by epithelioid cells in a palisading pattern ~ (A,B H&E stain. x50)

Fig. 2. A Immunohistochemical staining of the nodules showed that the epithelioid cells were positive for human leukocyte antigen-DR.
Epithelioid cells in nodule were CDGS-positive (B) and lysozyme-positive (C). (A-C x50)

Fig. 3. A Epithelioid cells surrounding the necrotic center of the nod-  Ki67 (D). Immunohistochemical staining of synovial tissues showed
ules expressed matrix metalloproteinase (MMP)-2 strongly. Some of  MMP-2 expression (E)., but MMP-3 (F). MMP-9 (G), and Ki67 (H)
the epithelioid cells were positive for MMP-3 (B), MMP-9 (C), and  were not expressed. (A-H x100)
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All subcutaneous nodules were surgically excised. On
gross examination at surgery, the nodules were grayish-
white, firm, and adherent to the subcutaneous tissue.

Histopathologic study of the resected nodules showed
amorphous necrotic substance surrounded by epithelioid
cells in a palisading pattern, which is a typical picture of
rheumatoid nodules. Lymphocytic infiltration was noted in
the surrounding tissues (Fig. 1A). Synovial specimen har-
vested from the metatarsophalangeal (MTP) joint of the
right great toe showed multilayered synovial cells. How-
ever, villous proliferation and cell infiltration were unre-
markable (Fig. 1B).

Immunohistochemical staining of the rheumatoid nod-
ules showed that the epithelioid cells surrounding the ne-
crotic center of each nodule were positive for HLA-DR
(Fig. 2A). These cells consisted of numerous CD68-positive
and lysozyme-positive macrophages (Fig. 2B,C). Analysis
of matrix metalloproteinase (MMP) expression indicated
that MMP-2 was strongly expressed by the epithelioid cells.
MMP-3, MMP-9, and the cell-cycle related gene Ki67 were
also detected in some of the epithelioid cells surrounding
the necrotic center of the nodules (Fig. 3A-D), suggesting
the presence of active inflammatory granulomatous pro-
cess. Synovial tissues also showed MMP-2 expression; how-
ever, MMP-3, MMP-9, and Ki67 were not expressed by the
synovial lining cells or interstitial cells (Fig. 3E-H).

Discussion

In 1986, Kremer and Lee' reported the occurrence of mul-
tiple subcutaneous nodules in 3 out of 29 patients on MTX
therapy. Subsequently, MTX-induced multiple subcutane-
ous nodules were reported by various authors,”” including
cases accompanied by other extra-articular lesions such as
vasculitis and skin ulcers, and bronchiolitis obliterans with
organizing pneumonia (BOOP). Interestingly, multiple
rheumatoid nodules developed following improvement of
arthritis by MTX therapy in all reported cases, including the
present patient.

Spontaneous rheumatoid nodule is a typical manifesta-
tion of aggressive RA and is considered to be a conse-
quence, at least in part, of common pathologic mechanisms
of the disease. Analysis of cytokine profiles® in such sponta-
neous rheumatoid nodule suggests that the nodule is a Thl
granuloma and that the damage to synovial joint tissues and
subcutaneous tissue is caused by the same inflammatory
mechanism. However, the MTX-induced rheumatoid
nodules, as observed in the present patient, show marked
contrast to spontaneous rheumatoid nodule, in that the
MTX-induced nodules develop after effective suppression
of synovial lesions.

In the present study, the MTX-induced nodules showed
numerous activated epithelioid cells and expression of
MMP-3 and MMP-9, suggesting the active nature of
the granuloma in spite of regressed synovial lesion. The
pathomechanism of such differential effects of MTX on the
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synovium and rheumatoid nodule in certain susceptible

‘individuals still remains to be clarified. As suggested by

Merrill et al.,” MTX increases adenosine concentration
and shows adenosine A2 receptor-mediated anti-
inflammatory effect within joint, whereas in extra-articular
tissue, adenosine at relatively lower concentration may en-
hance nodule formation via ligation of Al receptor on mac-
rophages. It is thought that the inflammatory process
mediated by adenosine Al receptor induces inflammatory
cytokines, such as tumor necrosis factor-a and interleukin-
1B, and subsequently these cytokines enhance the expres-
sion of MMP-3 and MMP-9 in the epithelioid cells of
nodules.

Segal et al.” reported that all of their patients who devel-
oped multiple rtheumatoid nodules during MTX therapy
were positive for HLA-DR4, and this finding was supported
by Jeurissen et al.* Ahmed et al® reported that HLA-
DRB1%*0401 was detected in patients who developed MTX-
induced nodulosis (at a frequency of 71.4%). However,
HLA-DRB1*0401 was not found in the present patient.
Since most of the reports of MTX-induced accelerated
nodulosis have been in Caucasians, the immunogenetic
background association in non-Caucasians remains to be
determined.

In this study, the MTX-induced nodules were different
from the synovial tissues in terms of MMP and Ki67 expres-
sion, which strongly suggests the presence of different
pathologic mechanisms. Possible immunogenetic factors
associated with the susceptibility to MTX are thought to be
important for mechanisms of accelerated nodulosis, and
should be clarified.
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Diagnosis: inflammatory myofibroblastic tumor
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I. Objective of Consultation
We consulted about the histological diagnosis
of a tumor and the relationship between 2
lesions {(vermiform appendix and ileurmn) from a
48-year-old woman.

II. Clinical summary

A 48-year-old Japanese female had right lower
abdominal pain in March 2005. In mid-April,
she experienced abdominal pain and fever again.
Her white blood cell count was high. Tumor
markers (CA-125, CA19, CEA etc.) showed
normal values. In late April, she was admitted to
Iwate Prefectural Numakunai Hospital and an
appendectomy was performed. The tumor was
located in the end of the vermiform appendix and
adhered strongly to the abdominal wall, small
intestine and omentum. The tumor seems to
be remaining at the wall of the small intestine and
retroperitoneum by the examination of positron
emission tomography (PET) imaging with the
tracer "F-fluorodeoxy glucose (FDG) at six
weeks after the first operation. A second surgical
operation was performed at Iwate Medical
University to remove the residual tumor.

IILI.  Pathological Findings
The vermiform appendix tumor was 6 cmX 2
cm in size. The cut surface of the tumor was
yellowish-white and solid (Fig. 1). It caused
occlusion inside the lumen of the appendix.
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Fig. 1. The tumor of the vermiform appendix was 6
cmX 2 cm in size. The cut surface of the
tumor was white-yellowish and solid. It caused
occlusion inside the lumen of the appendix.

The border between the tumor and normal tissue
was not clear. There were bizarre cells with
inflammatory background (Fig. 2 ). Vacuoles
were seen in giant atypical cells with lipid
droplets. Beside the bizarre cells, there were
spindle cells. Severe inflammation was seen
around the tumor. Atypical cells were remaining
at the surgical margin. At the time of the second
operation, there was a l-cm yellowish tumor
without mucosal lesion at the wall of
the small intestine 19 cm from the end of the
tleum. The tumor adhered strongly to the
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Fig. 2. There were bizarre cells with inflammatory background. Beside the

bizarre cells, there were spindle cells. Severe inflammation was
seen around the tumor.
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Fig. 3. Immunohistochemically, atypical cells were positive for ALK

(anaplastic lymphoma kinase).

retroperitoneum. There were atypical and bizarre
cells as in the first operation.
Immunohistochemically, atypical cells were
positive for vimentin, Ki67 (1 %) and ALK
(anaplastic lymphoma kinase) (Fig.3), but
negative for LCA (leucocyte common antigen),
CD30, CD15, cytokeratin (AE 1, AE3), EMA
(epithelial membrane antigen), « -SMA (smooth
muscle actin), desmin, myoglobin, S-100,
chromogranin A, CD68, « l-antitrypsin, lysozyme,
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and HMB45.

IV. Reply from the Consultant (Guy, CD)

Diagnosis: appendix with findings compatible
with inflammatory myofibroblastic tumor
(vermiform appendix, ileum and retroperitoneal
tissue) .

The inflammatory process involving the
appendix, small bowel, and retroperitoneum
shows a mixture of lymphocytes, plasma cells,
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eosinophils and few neutrophils. In addition, large
atypical and spindled cells are admixed.
This process appears to arise from the outer
wall of the appendix and involves the
retroperitoneum and small bowel. Per outside
report, the process has been entirely surgically
removed. Immunohistochemical stains show
that the large atypical cells are positive for
smooth muscle actin, desmin, AEl/AE3,
and alkaline phosphatase. Questionable
positive staining is seen with S100 and
NSE. Immunohistochemical stains for CD30,
CD15, CD68, EMA, and HMB-45 are negative.

Drs. Leslie Dodd and Tom Sporn have
reviewed this case and concur that an
inflammatory myofibroblastic tumor is likely.
An inflammatory/reparative process, however, can
not be excluded with certainty.

I certify that I personally conducted the
diagnostic evaluation of the above specimen (s)
and have rendered the above diagnosis (es) .

V. Discussion

There were many differential diagnoses of
this case from its histological findings, such
as malignant fibrous histiocytoma, malignant
leiomyosarcoma, pleomorphic liposarcoma,
malignant melanoma, large cell lymphoma,
retroperitoneal paraganglioma and inflammatory
pseudotumor. We diagnosed this case as
inflammatory myofibroblastic tumor (IMT) from
the results of immunohistochemical staining.
The atypical cells were positive for vimentin
and ALK. Abnormalities of chromosome 2p23
with expression of ALK1 and p80 occur in both
IMT and anaplastic large cell lymphoma. In
IMT, immunohistochemistry for ALKl and p80
is useful as an indicator of a 2p23 abnormality !’ .

The myofibroblast was eventually recognized
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as the principal cell type in the inflammatory
pseudotumor, which provided the opportunity
to redesignate this tumor as IMT. The concept
of IMT has evolved from an already perplexing
pathological process, the inflammatory pseudo-
tumor, which was initially recognized in the lung
and regarded as a pseudoneoplasm, although
its histological features resembled a spindle
cell sarcoma?’. Three basic histological patterns
were reported: (a) myxoid, vascular, and inflam-
matory areas resembling nodular fasciitis;
(b) compact spindle cells with intermingled
inflammatory cells resembling fibrous histio-
cytoma; and (c) dense plate-like collagen
resembling a desmoid or scar®’. Our case belonged
to type(b). An aberrant or exaggerated response
to tissue injury without an established cause has
generally been favored as the pathogenesis of the
inflammatory pseudotumor or IMT. Some of
the clinical pathological aspects of the IMT
began to suggest the possibility that these
lesions are more similar to neoplasms than a
postinflammatory process. The inflammatory
pseudotumor and IMT occurred with the report
of a mesenteric or retroperitoneal tumor with
similar pathological features to the latter tumors
but with more aggressive behavior to warrant an
interpretation of malignancy as an inflammatory
fibrosarcoma. The tumor in this case appeared
to have malignant potentiality and should be
followed up for a long period because
of the histological findings and its growth.
The IMT and inflammatory fibrosarcoma
are histogenetically related, and the therapeutic
approach to these tumors should rely primarily
on surgical resection. Studies in the future
may possibly resolve the question of whether the
IMT and inflammatory fibrosarcoma are
synonymous or closely related entities.
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e AR SN, #liBgd confluenttZ 7% -
THIEIE T AL, 7Oy — B
SHICER L, HAERARIMETT 29, K41t
THWIHEEOE W CIEEVWHAL ARV EZ A L,
W ZHA rich 72 [V % 5 o 72 H8 CTla 85 555 <
Y, gfboTu s L EEETAEV) D
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EHMHADETICEVEBITHERDBER
BHEmMo—EICH D, BEICEZ 2B
EiiE (osteoarthritis : OA) b FD—>2THh
5V, OADE 72 A B RIIEEKE OMKHE
LW BEDTFEHA ML ADMb S 72b L
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BB L WEREHRBOREYS BFonT
W3, &L ICEEEOEEIZ0ADKER L
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n, BEEHOEEZT TR, EROFERICK
EREELE52TWA, FEORETIIEE
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HKThHY), FOEIERKEHOREEH T2 ~
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IREEERFIERIT. BEBEOERGTTH S
TaTEF AV EERT AR E LT, O
Y RuAF U, 78T R, TAVRS
VWREET D a I ) Sy A sRe T
o V% (hyaluronic acid : HA) K& 2 El&
rEOTEY, 2HTOLHAXBES ORI
T2 EERRSTHAHY,

4, OADRPIREZEFET L HB T,
BB OIS, WEREHRRBICERERRK
glZHo TWAHARXMRIZL T, HARE,
HAG T2, BERsE, MENKHAE, BE
WOREE, WM OWTHRE L. 72,
FRAR A EIE 2 & EXHE LD K HYITOHAD
LA DWW THRE L /2.
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20014F 2 A £ 920034 2 A ¥ CORIZLE
BILUBEERBZON k2 %2 L BOARE
63BI71RE (BEISFIISRE, Zoiks3BlsemE) &
DEEERICTERLABESHRERE L
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BEHFRO LR EDHOTEAMEDBRED 5
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L OMRER ICWRIICRIE X/ T, Fiiksy =
7y MERIMFICRERIES & ) ERIEREL L 72 (3R
HE0.5~2.5ml, F31.5+0.7ml). R
EIL 5B 5 M, 21~445%, FI935.8 % 45
L7,
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b &N L EORKEDRENS ) HIE
BECHEN DL EEZ DN, BES
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H, FAEM
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SRR L7, BRONHEE, SESTF
250000 Rt A8 (BAEE VO —XEH
RI)RETH) THAL, E@EEEREE L

3) MEHAEEREO/ER

T a YEES MU T A %30~300 xg L
DUREIZ 2 B L) ICHIELY v BERE CHBE
L7cf%, BRORMALE L RFICIEL, Z8
W mEREEER L L.

4) HARERIE

B L R EG RS0 « LR
A (HARERFHIEEMBIE1997) 10 4L
IZ CHREKETC3ISMMNR L%,
KTHEHI L7z, RIS, P-YAFIVT I IR
AT VT e FRE (BARERHIEERREE
1997) 300 pLZEMNZ, 37 CTIERMEIZ205R
BWzik, EHIZHAKPTHELA. 585
nDPOLE THlE L, MEFREEROR
FEEH SR OHARE 2B L7,

2. HASTEHIE

HAGFEIE, 63k, HHENEY o8
SN TELD, BEwPIcEsy v sr 8RR
o7 ) a3 ) 7Y h o ErEEL,
NOICLBHEBEZTLEEZONL DD,
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FEERERAEKTIOBICHER L%, 7o
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a. Cone and plate rheometer

(37°C}

b. plate and plate rheometer

ample fiuid
| Plate (37°C) |

Fig. 1. Rheometer
It measured viscosity from the flow
condition of the sample fluid in filling
between cone and plate, or plate and
plate.

2) AWHE

715 L shodex SB-806HQ (300mm X 8.0mm
1.D), ®E)FH0.2M NaNOs, ¥t &0.3ml/min,
HT LREAOC O EH THHEE L
(Wyatt Technology#t), RIHIZ: (HASE)
% vy, GPC-MALLSIEIZ & 0 5B OHAD
S FEE SN L2,

3. FEEROREEE

P4 P AR [ Bk BE T (Carri-Med#t 8 L
4 X —%—, CSL500) H#EEZH 7. F—
i 4o FHREERSDOKE VWER
4emO MO BICHE W L TFHER%E
37 CIfRB, KICEE % 8 it IREE T [HER i
s CHEEOAERE HA LT, MR
CYERT 5 bV R REERICEIE L (Fig.
la). HMIERBRLY, —FEARE [rate=
100(1 /sec)] WBITA¥ELZER L 2.
F 72, BEHCIERAEEDL D % /2O Bohlin
MBELF A—F —CVOEBTERZE 2D/
L—RrEMALZ.

T R RO AR BB WL D AT
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4 . BAETR OREHEIEEE

B [ dIBohlinft# L 4 X — % —CVOEE %
Fwvie, FE—RERwrFoFHAREEE4
ecm®BHBHWVIE2 cmDT 7 ) VELT L — R
A L CEMHEK 237 CllRo/z, F
Yo T A AD%E, 7L — b EEER L
BLOBEOEY R LUICEEE L, B HEEZZ
{LE8T, 7b— b LicBTE2HAEOMEPIR
AL, MEEEEE LS (Fig. 1b).
F 7z, AROBEICBWT, ORIz
BITEEO B E I TH 505Hz TOERFRIE &
L7z, ShidECERI1H1BEEZLE ]
B (ER1£E932) 228 ELD 1cycle/
2 sec=0.5cycle/1sect Z 2 bNE5720DTH
L., FLTC, #OBOEE#EMEE (elastic
modulus : LTG") &IBEMMAEE (viscous
modulus . ZATG"), fifiZ (phase angle)
[ZOWTHIE L7z, 7z, H#EEoRlEER
BEEEIE L REWD, HEEOHET
BRI e vz,

5. MEINHEHAE

BIEL DO AT H RIS TRO TZHARE & B
ZEIEE I L - B E R E 2 5 U CRET
HAZE % kD72,

WEtF M E IZMann-Whitney U-test,
Kruskal Wallis H-test$ & "Mann-Whitney U-
test with Bonferroni CorrectiontZ C4T o 7z.

EKEIIp<0.05& L7,

,

m. # £

1. BEF, OAICBITAESHE,
[, HAGF&, HHAE, thE

g TCOMEREIZ1.5+0.7ml (0.5~
2.5ml), HAMEEI£3.31+1.29mg/ml (1.6~
4.8mg/ml), HAZFE212531+6577 (48075 ~
66077), #MHAEIZ5.1+£3.4mg (1.3~11.8mg),
k5 B 1E 130.7+ 99.3 mPa - sec (50.2~
238.6mPa - sec) TH-o72. —7F, OATILH
i E 132141127 ml (7 ~95 ml), HAE
FE1%£1.73+0.56 mg/ml (0.5~2.8 mg/ml), HA

HAE
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Table 1. Properties of synovial fluid and hyaluronic acid in control knee joints and the aging
Case Age/Sex Volume of HAconc. HAmolecule Total Viscosity Elastic Viscous Phase
Synovial (mg/ml)  weight amount of (mPa‘sec) modulus modulus angle
fluid (ml) (X109 HA (mg) (Pa) (Pa) (degrees)
1 14/M 2.5 4.7 520 118 N.D N.D N.D N.D
2 14/M 0.5 4.8 490 2.4 N.D N.D N.D N.D
3 21M 15 42 500 6.3 238.6 11.72 6.28 284
4 28/M 15 3.3 550 9.0 191.0 16.67 7.42 23.2
5 43/M 2.0 2.2 480 4.4 56.0 0.96 0.96 459
6 43/M 2.0 2.4 520 4.8 50.2 2.91 1.29 254
7 44/M 0.8 16 660 1.3 37.3 3.30 0.98 15.9
p<0.01 NS NS
E g £ o
30 N\ 4 =
£ g, = ¢
S 20- 5 g4
g T 2 % :
B 107 8 § 2
g 8" 2
2 o2y { To | [ To
control OA control OA control OA
(n=7) (n=71) (n=7) (n=71) (h=7) (n=71)
p<0.01 NS
60
£50- 200+
F 407 %150
5 30-] &
€ £100+
é 20~ :
@ 50
Lf; 101 % § §
e 0 | | = o0 i |
control OA control OA
(n=7) (n=71) (n=7) (n=71)

(Mann-Whitney U-test)

Fig. 2. Comparison of synovial fluid between normal and osteoarthritis
The synovial fluid of osteoarthritis was higher than normal synovial fluid in
volume of synovial fluid (p<0.01) and total amount of HA (p<<0.01).

S FEI1£370+10375 (19075 ~63075), #AHA
£1335.14+20.9mg (7.0~95.0mg), #HE X
33.1+14.6 mPa - sec (14.3~73.0 mPa - sec)
Tholo. HARE, 7TE, MiEICBWT
EEFICHERTOATIHREE R LVH
BEERD Lol BEHOREEI AT
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W OB BEEIIED Lo 1208, HEICBW
T208ft (238.6~191.0mPa - sec, ¥
214 .8mPa - sec) X408t (37.3~56.0, F

47 8mPa - sec) LV LEETH » /-
(Table 1). H&IWE (p<0.01), HHAE

(p<0.01) TIEOADIZHI MEFH LV EE



W52 © T B S B B i oD 734 13
Table 2. Correlation coefficient of parameters of synovial fluid, hyaluronic acid and aging of the controls
HA HA molecle Viscosity Total amount Age
concentration weight of HA
Volume of 0.016 —0.353 —0.040 0809+ 0.057
synovial fluid
HA . N
concentration —0.546 0.962¢ 0.533 0.984
HA molecle
weight —0.328 —0.369 0.412
Viscosity 0.712 —(.998*
Total amount
—0.505
of HA
* p<0.01
wk <0.05
1) Volume of synovial fluid showeéd positive correlation with total amount of HA.
2) HA concentration showed strong positive correlation with viscosity and strong negative correlation with age.
3) Viscosity showed strong negative correlation with age.
Table 3. Correlation coefficient of parameters of synovial fluid, hyaluronic acid and aging of the
patients with osteoarthritis
HA HA molecle Viscosity Total amount Age
concentration weight of HA
Volume of
synovial fluid —(.269 ** —0.089 —0.422% 0.805* —(.244%*
HA . ~0.204 0.795* 0.259 ** 0.261%*
concentration
HA malecle 0.179 —0.247%* 0.048
weight
Viscosity —0.079 0.306%
Total amount
of HA -0.103
* p<0.01
i . . . s . #k n<(0.05
1) Volume of synovial fluid showed negative correlation with viscosity.
2 ) Volume of synovial fluid showed strong positive correlation with total amount of HA.
3) HA concentration showed strong positive correlation with viscosity .
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Fig. 3. Relation of HA concentration, viscosity and age of normal synovial fluid
a: Correlation between HA concentration and viscosity HA concentration
showed positive correlation with viscosity. (r="0.962, p<0.01)
b: Correlation between age and HA concentration HA concentration

showed negative correlation with age.

(r=—0.984, p<0.01)

c¢: Correlation between age and viscosity Viscosity showed negative
correlation with age. (r=—0.998, p<0.01)
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