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Age-related Influences of Clinical Features of the Lumber Disc Herniation
— Immunological Evaluation on Co-cultured Rat Nucleus Pulposus Cells
and Macrophages —

Raijiro KATSUNO

There have been only a few number of reports on the effects of aging on the immuno-
inflammatory response in intervertebral disc herniation. The purpose of this study was to evaluate
the effects of aging on nitric oxide (NO) and cytokine production in an in vitro model in which
rat nucleus pulposus cells and macrophages were co-cultured.

Male Sprague Dawley rats (n =45), including 15 animals from three different age groups
(3-, 12- and 32-weeks of age), were used in this study. Coccygeal nucleus pulposus (NP)
cells (4x10° cells/well) and exudated peritoneal macrophages (4x10° cells/well) were co-cultured
in serum-free medium. The controls consisted of NP cells or macrophages cultured alone. NO
levels in the culture medium were measured at 2, 24, 48, and 72 hours by the Griess method. A
cytokine array was done on the culture medium after seven days to evaluate the production of
interferon-gamma (IFN-gamma) and interleukin-10(IL-10)and tissue inhibitor metalloproteinase

-1 (TIMP-1).

At 24 hours, NO levels had statistically increased in co-cultures of cells derived from the 32-
week-old rats compared with younger rats (3-week-old : 9.02 g mol/I, 12-week-old : 10.18
umol/l, 32-week-old : 12.13 gmol/1) (p<0.001). After seven days of co-culture, TIMP-1
levels of the 3-week-old rats were statistically higher than those from the 12-and 32-week-old
rats (3-week-old : 302.83 x 10° /control, 12-week-old : 121.51 X 10* /control, 32-week-old :
107.15 % 10*/control) (p<0.001). IFN-gamma levels in media from cells from the 3-week-old
rats were statistically higher than those from the 12-and 32-week-old rats (3-week-old : 75.01
% 10%/control, 12-week-old : 62.49 % 10*/control, 32-week-old : 41.21 % 10*/control) (p<
0.01). IL-10 levels from the 3-week-old rats were statistically lower than those from the 12-
and 32-week-old rats (3-week-old : 45.12 X 10*/control, 12-week-old : 89.46 X 10%/control,
32-week-old : 94.34 X 10%/control) (p<0.001).

In this study, age-related NO levels of the co-culture increased. The results show that
inflammation increased along with aging. The outcomes of several diseases, such as aging,
infections, and allergic and autoimmune disorders, have been linked to the balance between T
helper (Th) 1 cells and Th2 cytokine production by Th cell-subsets. Thl cells produce IFN-
gamma, which activates cell-mediated immunity, while Th2 cells secrete IL-10, which activates
humoral immunity. The results of this study show that the of aging effects on cytokine secretion
related to the Th-type on co-cultures of rat NP cells and macrophages differ. In this study, an age
- related imbalance between the levels of the cytokines, IFN-gamma and IL-10, was seen. In the
younger rats, [FN-gamma levels were statistically higher while IL-10 levels were statistically
lower. This suggests that this process may be caused by external stress and aging. Aging and stress

are thought to affect the extracellular matrix and change the immunologic response. The younger
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rat NP cells had higher cell-mediated immunity activity, while the older rat NP cells had higher

humoral immunity activity. These results show that aging has an effect of age on the immunologic

responses attributable to NP cells.

newly observed phenomenon and ultimately to apply these findings clinically.
89— 109, 2000
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24T 5.
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(IL-10), %,
Cytokine Antibody Arrayl.1, for Rat(R & D
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Nl 8, ~ 2707 57— JHEEE, WH oL
EEUSTHRIELA (Fig 2). 8512 6hi
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OEIFE ML O R 12 BT B NO JEA: Tt D%
1924k (Table 1)

BEEILh 2 BEII T, 3 7. 23+ 1.05 umol/1,
124 #57.58 £ 0.62 yumol/1, 32 #5E7.73 = 0.61
umol/l T 1), KM Ot FAEAEE
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Opti-MEM ! Opti-Modified Eagle’s Medium
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BLANK  BLANK  Leptin  Leptin  GM-CSF  GM-USF  Pos Pos
BLANK  BLANK  MCP-1 Mep-1 IfN-y [N~y  Pos Pos
HLANK  BLANK  MIP=3a  MIP-3a  Il-la  Il=la Neg Neg
BLANK  BLANK  §-NGF  g-NGF  IL-18  IL-1 @ Neg
BLANK  BLANK TIMP-1  TIMP-1  IL-4 -4 CINC-2 CINC-2
BLANE  BLANK  TNF-a  TNF-a  IL-6 IL-6  CINC-3 CINC=3
BLANK  RLANK  VEGE VEGF IL-10 [L=10  ONTF CNTE
Pos  Pos  BLANK  BLANK LIX LIX Fractalkine Fractalkine
Pos : positive control IFN- y @ interferon-gamma
Neg © negative control IL-1 a @ imterleukin-1 alpha
MCP-1 : monocyte chemoattractant protein-1 IL-1 f§ : interleukin-1 beta
MIP-3 ¢ : macrophage inflammatory protein-3 alpha IL-4 © interleukin-4
f=-NGF : beta-nerve growth factor IL-10  interleukin-10
TIMP-] : tissue inhibitor of metalloproteinase-1 LIX : lipopolysaccharide-inducible chemokine
TNF-¢ : tumor necrosis factor-alpha CINC-2 : eytokine-induced neutrophil chemoattractant-2
VEGF : vascular endothelial growth factor CINC-3 : cytokine-induced neutrophil chemoattractant-3

GM-CSF : granulocyte/macrophage-colony stimulating factor  CNTF ! ciliary neurotrophic factor

Fig. 2. *fhw{y?bfm&UHtﬁz#viﬂm?%f1ﬁ{>;v+w
Positive control % 10000 G0 L L Tiuo AR » & 0Hl L 7.

Table 1. k1 LM 2 502 NO pEE Lt
( ymol/1) S FERFI2AL

W iro 7.

Hede ARSI T, 3 MR8 56 + 1. 27 ymol /1,

3 s 12 38 i 32 T s 12 8 #5914 + 0.5 umol/l, 3238 W3 9.43 + 0.55
2 W% 7.23%1.05 Lh8 0. 62 7.730.61 u mol/1 ch-r') U ) ﬁ'.lji_"ll.ﬁii ”J T'I'?Enl v i”’{] I.'l. f': ,i

B
-3

24 B  R.56E1.: 0.5 9.43%0.55 :
24 BRMl#:  8.56%1, 9.14+0.5  9.4340.55 Bahie o 1.
= ke 9. 67=%1. 62 ). 24+ ( +1.02 ; : =
S Ffe 0.6751.63 10.2420.71 10.881.02 KRGS I, 3 36O, 67 + 1.63 mol /1,

T2REMIE  11.0T*1.05 11.68%1. ¢ 9241, 61 - - N ! .
G 1A=l Ha0t4: B 1238310, 24 + 0. 71 gmol /1, 323H#310.88 % 1.02

11 mol/l T V), &M o G- A7 5% %
il &') /ALY il
FeAgih 72 T, 3 ME11. 07 £ 1.05 gmol /1,
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Table 2. 7 077 — YHEIZHBANO LR Table 3. BB E <2 07 7 — YO #ICBTS
( pmol/1) OFEREEA{L NO #EE N (pmol/1) ORI 21L
3 18 i 12 3 i 32 3 fih 3 A 12 8 32 18
2% 8.04£0.57 8.04%0.21 8.06+0.15 2EEf%  8.10+0.97  B.26%0.72  8.35+0.74
24 Fe#%  8.15*+1.44 8.21%+1.05 B8.83*+1.27 24 Wl 9.02+1.04 10.18+0.50% 12.13+1.16%
48 BEMI#%  9.14+0.63 8,84=1.08 9.36%1.02 48 FEMIE 11.1241.16  13.18+0.95% 14.26+0. 76*
T2 BEM# 10.61+0.94 10.35+0.8 10.52%1.26 72 BEM{E  13.65+0.71 16.67+0,61*% 18.35+0.7*
(% p<0.001)
Table 4. FEHIBHEEOBIT 284 A1 Al Table 5. %207+ — VHEROBITLEHL FA A
(% 1000/control) i (> 1000/control)
3 M 12 1 i 32 M 3 M i 12 i fis 32 19 s
TIMP-1%  229.93+13.32 67.20+10.91* 45.51+17.97* TIMP-1%  176.69:21.94 78.38+17,39* 57.51+6,67*
IFN-y ' 55.75427.67  59.69+9.61  50.78+7. 44 IFN-y ' 57.36+23.00 58.06=18.28 52.07=3, 14
IL-10%  41.99+13,65  54.95=7.40  24.66+5. 38 IL-10°  45.54423.90 58.49=21.33 35.49+7.05
§ ! tissue inhibitor of metalloproteinase-1 § : tissue inhibitor of metalloproteinase-1
T ! interferon-gamma T ! interferon-gamma
% ¢ interleukin=10 % !interleukin-10
* 1 p<0,001 * 1 p<0.001

128511, 68+ 1.41 gmol/l, 3238 #511.92+1.61
umol/I T 1), %M OFc il AT 8% %
o R i e

vru7 77— Y ORKERIZET S NO L
W OFENENY 2L (Table 2)

YEREDHAG 2 BERITIE, 3 M. 04 £0.57 gmol /1,
1234 |5 8. 04 = 0.21 gmol/1, 323 #H8.06 = 0.15
amol/1 TaH Y, HMEGH O A4 5%
R PR A/ AW A

ARG 2AIRE N UL, 3 MRS, 15+ 1.44 gmol /1,
1254 #5i8.21 = 1.05 umol/l, 3238 j8.83 + 1.27
umol/1 Tdh ), & MG O G221 47 TE %
R RS/ AT A

AR AGASIER] T, 3 kRO, 14 = 0.63 ymol /1,
1258 |5 8.84 £ 1.08 wmol/1, 3238 #59.36 + 1.02
umol/l T D, % MG M0 %%
[ SR/ AW Al

KEAEPRAT2RER] T, 3 MKR10.61% 0.9 gmol/,
1258 #510.35 = 0.8 umol/1, 32 M5 10.52 + 1. 26
umol/l T D, 2 Wik M il F 4 5%
ot o XA/ AR
Gl ~707 7 —YOIEEEICBIT S
NO R OFEREY 2L (Table 3)

KeAehidt 2 M CIE, 3 MiKE8. 10,97 pmol/1,

124 §i8.26 = 0.72 gmol/l, 32 %58.35 = 0.74
umol/1 Td ), KMl O#ETFIA L%
Hf\&b 7;? ?:"'3 f; .

HeA2OHaG2ARE R ClE, 3 MR, 02+ 1. 04 wmol /1,
128 #510.18 £ 0.5 gmol/1, 32 #H12.13+1.16
umol/l T, 3 MMGE 1288, 3 MisE32
TG, 1200 & 32K 3T O MG O RIS
BWTHAANA TS (p<0.001) b > THE
MKEDIT S AT H - 7=,

KedE b8 T, 3 MHK11. 12+ 1. 16 pmol /1,
12:8#513.18 £ 0. 95 gmol/1, 325414, 26+ 0.76
umol/l T Y, 3 ML 12085, 3 Mki&32
A, 1230 & 3283 T o MG o B
BWTHAFIA 5% (p<0.001) # b - THs
WMEEDT S A TH - 7=,

He gD 72 <, 3 MG 13.65 = 0.71
umol/l, 12 M i 16.67 £ 0.61 umol/I, 32 4 i
18.35+0.7 yumol/l T 1, 3 i & 128 W,
3 G & 32.0 G, 1208 i & 323 MG X T oMk
WO B B W THEAIATIE A (p<0.001)
Lo THMEIOIED PSiTH - 7.

(92852 ) A b A A M9
(D% ik 4 (Table 4)
TIMP-11fi1Z, 3 M i229.93 = 13.32 % 1000/
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control, 1238 {3 67.29 = 10.91 % 1000 /control,
328 #545.51 = 17.97 X 1000/control T, 3 M i
12, 3 ML 320 L ORI BV THET
R A (p<0.001) 2o T 3 MKDIES
AEMiTH-7z. LAL, 12080 & 3288 & D
BV TIIHIHEN A EEZ RO o7z,

IFN-gamma i, 3 555, 75+ 27.67 x 1000
/control, 124 #i59.69 £ 9.61 X 1000 /control,
324 /550, 78 = 7. 44 X 1000/control T, 3 i,
12805, 328 b6 % MRG0 B 35 v T
R (DE SRkt o/ o

IL-10 fii (%, 3 M #541.99 £ 13.65 % 1000/
control, 124 #554.95 = 7.4 X 1000/control, 32
JKh24. 66 = 5. 38 X 1000/control T, 3 MG, 12
W, 328K % MR I O HEIC BV TR
EWAT AR B o,
2=z a7 57—V OHEAE (Table 5)

TIMP-11ii 1%, 3 ##H176.69 = 21.94 X 1000/
control, 1238 #5i78. 38 = 17. 39 x 1000 /control,
32 MMR57.51 = 6. 67 X 1000/control T, 3 ML
1238 i 3 X OF 32 MG 2 35 W THEE A AT B
(p<0.001) & H » T 3 MEEDIT I B M TH o
7z. LarL, 1286 E 3285 E DRIIZBWTIE
o R (O SRR 8 SR ST A

IFN-gamma fifi |Z, 3 J#HH57.36 = 23 X 1000/
control, 124 {5 58. 06 + 18.28 x 1000 /control,
328552, 07 + 3. 14 X 1000/control T, 3 i ff,
12415, 328 % Mk O L EIC BV TRtRt
P T RO o .

IL-104% &, 3 58 i 45.54 £ 23.9 x 1000/
control, 128 #f58. 49 + 21. 33 x 1000 /control,
324 535. 49 = 7. 05 X 1000/control T, 3 M5,
128, 328 W50 2 M b I 0 L 12 3 Tt
AT B R RO o T,

Gt E <707 7 — YO JE;HE (Table
6)

TIMP-11#i 1%, 3 M #E302.83 +17.97 x 1000/
control, 12 ##121.51 = 32.52 X 1000/control,
32345107, 15+ 8. 1 x 1000/control T, 3 M &
12385, 3 Eilh 3208 & oM B TREHE
947 7% (p<0.001) % b - T 3 MHMEDIEH D

Table 6. SiMi#iNL, v~ 2077 —YBEROBITL%
HA FAA A (% 1000/control)

3 M 12 3 iy 32 39
TINP-1' 302.83+17.97 121.51432.52° 107, 158, 10°
IFN-y T 75.01£8.21 62,49+14.12° 41.21:11.83*
[L-10°  45.12+20,67 89.46+30.65" 94,3418, 69°

§ ! tissue inhibitor of metalloproteinase~1
i 1 interferon-gamma

& interleukin-10

#* 1 p<0.001

Wi Th o7, LaL, 120 & 3288 & oM
(= el (O ER X o o o R o Ao A
IFN-gamma {ii 1%, 3 575,01 = 8.21 % 1000
/control, 12 #i62.49 = 14. 12 X 1000 /control,
327M fh41. 21 + 11.83 x 1000/control T, 3 jH i
E12:0 05, 3 MG & 32N L DIV THGEE
FIAER (p<0.001) #H - T 3MIDIES
HEMTH o7z LA L, 1288 & 328 E D
WU IEMEaT A Bkt B ho 7.
IL-101f 1, 3 M HH45.12 = 20.67 % 1000/
control, 123 {5 89.46 = 30.65 % 1000 /control,
3238 1594. 34 = 8.69 X 1000/control T, 3 MG &
12:8 85, 3N & 328 G & DI B v Tl
AT (p<0.001) % b - T 3MEDIEH A
KftiCho7z. LaL, 12:M5m & 32:8 & o]
AR Es e D el o 72,

% =

TBEMEHE BB~V = 7 OAERIC £ B R AER D
VIS DWW T & TV TR B 345121,
FEHBY Y D4 % AN OAFE#G & s 32 5 LR
HoH. LrL, WERCHTLT Y FEAE
RH SRR U A e, AR T AR
WD EI IR E HE 2T TR, v
b TIE 9 ~14HIAMEIRBERIC M- Z L B
TWwWA7, APFETIZ 3, 12, 328D 7 v b
FUIN LA, SO Eid, NS5 MR
W, pil, BN OMMEE Lo RN LET IV
LEZOHND,

NO (Z2HEDIFEES & X TH Y, PEHEHER
WA =TI & B HFEERI D KX NO A
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GLTwa vV bd 5. AUFETIE,
LR T F VAT BT D NO J A it 7 38 i He e
T 5 I & THEHEHERB AL = TI2B1T B

2 B AAE AR O 2L 2 LA 1 1 2 & AT L
7z,

A b AA ATTITRIED AT L O A
)RR G E ORI TH Y, FofiE
PATFADOHPTHLANII—=T (Helper T ; Th)
AL R IR DR R BUE Z 1] > TV B, Z
LT, v2u77—YdThiligic > 7 F % %
LPUEERMIIRTH D, AL A A EEICE
WTHEELREHZH L TWEY, invive DY
BRIZ BT Hasegawa 591, HlEkemilc< 2
0 77— Y%l L RIEf o Bl AE
Wil Lo TRES>TWABRZRELTWS.,
F 0, EREIC K o THIEPRIZA: C 5 #AE D
JEAR L -THEY, TOZ LIZEEICES 1
FAA CRBLE LIRIEISEICL YD S
boLEZLNA, Sl REMEhO~< 7 0
Tr—YICHEHL, MBI oTERSR
LHRAEB LURIERILN AT AETVELT
fikdiE~vs 07 7 — Yo EREFILE
B%E L7z,

SuoIEEEFTVOMIIZHID, HKLH
LNV TOMIT 2479 £ v fid S Yamamoto
BV AEEE R B v /2. Yamamoto 5 1%, i
Al & A b g —=<#llfg % Cell Culture Insert
FMOTHRL XL TOIS R ETo7. S0
FE W H R LA L, Bhoftt
K 7% 4 U 2R A L 0 HH BOIE % Ji 5 Jeks
WiEE LTRIEFWICHHNTH S ERBLTY
A, bhtbhizZ oz Iy Tiigii e <
7077 —VDOWKERETNVEERL .

JEHEHE M A L = 7 0 NO I3 2 F581E,
Kang 5% A5 A~ b = 7 flgk 2 v 724
LM I B W T NO JEA 2 B 7z & il
L TR, ~v =7 5N SAEVEN - O fifdr
PIThbITE Twah, Brisby 5™, §#ifH
WAEEZ 5 5 s b LB ) 5 NO A
PEAE S, T 0 NO (& filkE A o Jg 4 12
W52 L5 LTWD, S 5CM I aEeH
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