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Table 1. Nucleic acid and protein contents in osteosarcoma tissue

Control Osteosarcoma p value Positive rate
Number of specimen (20 (20
DNA(uM/g wet weight) 8.1+35 15.8+5.0 p<0.05 6/10(60%)
RNA (uM/g wet weight) 17.5¢5.1 23.0£7.0 p<0.05 5/10(50%)
Protein(mg/g wet weight) 16.445.1 30.1+8.8 p<0.05 7/10(70%)

The positive rate was expressed as number of positive results per total number of specimensin group(percent positive
in parentheses). Positive result was determined when the parameter for osteosarcoma tissue was higher than the upper

limit(mean+2SD) in the control

Table 2. Activity and positive rate of DNases in osteosarcoma tissue

Number of specimen Acid DNase Neutral DNase Alkaline DNase
(unit/g wet weight)
Control (10) 1.41+0.6 0.32+0.17 0.28+0.13
Osteosarcoma (10) 5.0+1.8 0.30+0.16 0.22+0.08
p value p<0.01 NS NS
Positive rate 8/10(80%) 1/10(10%) 2/10(20%)

DNase activity was measured at pH 5.5(acetate buffer) with double stranded(ds) DNA as substrate for acid DNase, at
pH 7.5(tris-HCI buffer) with ds DNS for neutral DNase and at pH 9.2(glycine-KOH buffer) with single stranded(ss)
DNA for alkaline DNase. The positive rate was determined as described in the legend of Table 1.
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Table 3. Activity and positive rate of RNases in osteosarcoma tissue
Number of specimen Acid RNase Neutral RNase Alkaline RNase
(unit/g wet weight)
Control (12) 82+15 542+75 455+70
Osteosarcoma (12) 280+171 2850+1550 2325+1065
p value p<0.01 p<0.01 p<0.01
Positive rate 8/21(67%) 10/12(83%) 10/12(83%)

RNase activity was measured with poly C as substrate at pH 5.5 for acid RNase, at pH 7.5 for neutral RNase and at
pH 9.2 for alkaline RNase. The positive rate was expressed as described in the legend of Table 1.

Table 4. Activity of neutral RNase toward poly C and RNA and RNase inhibitor activity in osteosarcoma tissue

Number of RNase activity RNase inhibitor Ratio

specimen Poly C RNA activity RNA/poly C  inhibitor/RNase
Control (12) 542+75 56+11 24+19 0.10 0.04
Osteosarcoma (12) 2850+1550 281+82 125+32 0.10 0.04
p value p<0.01 p<0.01 p<0.01
Positive rate 10/12(83%)  10/12(83%)  9/12(75%)

RNase activity was measured at pH 7.5 with poly C or RNA as substrate and inhibitor activity was measured with
poly C substracting(free) RNase activity(determined in the absence of PHMB) from total RNase activity(in the pres-
ence of PHMB). The positive rate was expressed as described in the legend of Table 1.

Table5. 5" -Nucleotidase and alkaline phosphatase activities in osteosarcoma tissue

Number of specimen 5’ -Nucleotidase Alkaline phosphatase

Control (20 15.4+5.1 62.2+10.5
Osteosarcoma (20) 21.9+6.0 90.5+16.1
p value p<0.05 p<0.05

Positive rate 5/10(50%) 5/10(50%)

5'-Nucleotidase activity was measured at pH 7.5 with 5'-AMP as substrate and alkaline phosphatase activity at pH
8.6(barbiturate buffer) with beta-glycerophosphate. The positive rate was expressed as described in the legend of
Table 1.
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Table 6. Amylase activity in osteosarcoma tissue

Number of specimen amylase p value Positive rate
Control (10) 52+1.3
Osteosarcoma (20
no amylase (8) 6.1+2.0 NS 0(0/8)
amylase producing 2 310.8 100(2/2)
512.6

Amylase activity was measured at pH 7.5(phosphate buffer) with soluble starch as substrate.

Table 7. Activities and positive rates of neutral RNase, 5'-nucleotidase and alkaline phosphatase in serum of patients
with osteosarcoma

Number of specimen Neutral RNase 5’ -Nucleotidase Alkaline phosphatase
Control (10) 1013+396 0.26+0.08 0.87+0.21
Osteosarcoma (10) 1787+323 0.31+0.10 1.01+0.30
p value p<0.05 NS NS
Positive rate 6/10(60%) 2/10(20%) 3/10(30%)

RNase activity was measured at pH 7.5 with poly C as substrate, 5’ -Nucleotidase at pH 7.5 with 5-AMP and alkaline
phosphatase at pH 8.6 with beta-glycerophosphate. The positive rate was expressed as described in the legend of
Table 1.



Table 8. Activities of acid DNase and neutral RNase in isozymes isolated by a DEAE-cellulose column chromatography from osteosarcoma tissue
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(unit/ml)

(unit/ml)
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VI
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VII

Activities of DNase, RNase and RNase inhibitor were measured as described in the legends of Table 2 and 4.
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Table 9. Substrate specificity for acid DNase isolated from osteosarcoma tissue

Polynucleotide Control Osteosarcoma
Activity Relative activity Activity Relative activity
(nmole/ml/hr) (%) (nmole/mi/hr) (%)
ds DNA 620 100 2540 100
ssDNA 155 25.0 568 224
RNA 198 319 112 44
Poly C 425 68.5 225 8.9
Poly | + poly C 0 0 0 0

Nuclease activity was measured at pH 5.5 with polynucleotides as shown above. Relative activity was expressed as

percent taking nuclease activity with ds DNA as 100%.
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Fig. 1. DEAE-cellulose column chromatography for
acid DNase, neutral RNase and proteinsin
extract from osteosarcoma tissue.

0 OO0 0000 amylasél OO glycogen O
OO0 0000 000 OO0 OO0 000 ener
gy OO0 OO0 OO0 OoOo.

t u

0000 0000 OD000 ODooo Oooo oo
0 000 000 OO0 0000 deoxyribonucie
ase(DNase), ribonuclease(RNase), 5-nucleoti
dase, alkaline phosphatasell amylase 0000
0000 OO 0000 0o goo oo oogo
0O.000 OO ODOoO0oOo ooo oo ogo
0000 OO0 acid DNasedl neutral RNasell
oOo0o0o0o0 oooodo oo ooo ooo o
ooogd.

JO00000 acid DNase, RNase, 5-nucleo-
tidasél alkaline phosphatase O OO0 OOO
0 00000 0000 0000 00 goooo
0O 0000 OO0 O000. Amylase OO0 OO

070020

20010 —

000 0 1000 2000 00000 ooo 8dno
OO0 0O0OO0O0O0O0O OooU0oo ooo.oooooo
RNasélO0O OO OO0 OO0 OOOO neutral
RNasél 0000 RNAOOO poly CO OO O
0000000000 0ooooooo oo od
0O 000 OO0 RNase inhibitor 0000 000
0O 0OO0o0D0. 00 OO ooo ooo ooogo
0000 0000 0000 00D oooo.
000 OO0 O0O0OO0 acid DNase OO0 O
000 000 5-nucleotidadse alkaline phos-
phatase 0000 O0O0O0O0 OO0OO neutral
RNase U000 OQOO0O OOODOO, ODOO O
0000 RNase DOUO0O O0OODO OO OOOO.
00 OO0 neutral RNase O0O0O0 OO0 OOO
0 0000000 000 000 oooo oodg
0O . DEAE-cellulose column chromatographyO
OO0 000000 acid DNase OOOOO OO
000 neutral RNasell 500 isozymél O OO
0O00. 00000 acid DNased OOO OO0
single stranded DNA 0O 00O double stranded
DNADO 00O 000 0O0O0. 000 OoOoo oo
0O 500 RNase isozyme OO0 200 isozyme
0 0000 000 D00 oood. 0o acid
DNasédl neutral RNased O0O0O0O OO0 OO
000000000 oooo oooo.

REFERENCES

1) Bergmeyer HU, Gawehn K, Grassl M : Enzymes
as biochemical reagents(alpha-amylase). In Berg-
meyer, H.U.(Editor): Methods of enzymatic alalysis.
volume 1, p432, Academic Press, Inc., New Yor,
1974.

Bodansky M : Hawk’s physiological chemistry(Oser
BL ed.)-Determination of serum phosphatase activi-
ty. 14th edition. TATA McGraw-Hill Publishing Co.,
Ltd., New Dehli, p118, 1976.

Burton K : A study of the conditions and mecha-
nism of the diphenylamine reaction for the colorimet-
ric estimation of deoxyribonucleic acid. Biochem. J.
62, 315-323, 1956.

CatalonaWJ, Chretien PB, Matthews WJ, Tar-
pley JL : Serum ribonuclease in urologic cancer: Re-
lation to host immunocompetence. Urology, 1:577-

3



5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

— ooo o

581, 1973.

Chretien PB, Metthews W, Twomey PL : Serum
ribonucleases in cancer: Relation to tumor histology,
Cancer, 31:175-179, 1973.

Chung HS, Lee YS, Koh JK : Isolation and nature
of neutral RNases in tumor tissues. J. Hanyang Med.
Caoll, 10:705-715, 1990.

Fiske GH, SubbaRow YJ : Hawk’s physiological
chemistry(Oser BL ed.)-Determination of inorganic
phosphorus. 14th edition. TATA MCGraw-Hill
Publishing Co., Ltd. New Dehli, p112, 1976.
Hishiki S, Sakaguchi S, Kanno T : Clinical signif-
icance of acidic pl isoenzyme of ribonuclease in
human serum. Clin Chem. Acta, 136:155-164, 1984.
lkeharaY, Takahashi K, Mansho K, Eto S, Kato
K : Contrast manifestation of alkaline phosphatase
and 5’ -nucleotidase in plasma membranes isol ated
from rat liver and ascites hepatoma. Biochim Biophys
Acta, 470:202-211, 1977.

Johnsen S, Stokke T, Prydz H : HelLa cell plasma
membrances. |. 5’ -Nuccleotidase and ouabai nsens-
sitive ATPase as maarkers for plasma membrances.
J. Céll. Biol, 63:357-3363, 1974.

Kim NH, Yasmineh WG, Freier EF, Goldman
Al, Thelogides A : Value of akaline phosphatase,
gammarglutamy! transferase and glutamate dehydro-
genase activity measurements(single and combined)
in serum in diagnossis of metastasis to the liver. Clin
Chem, 23:2034-2038, 1997.

Kiyohara H, Menjo M : Ribonuclease and ribonu-
clease inhibitor in the human pancreas. Gastroente-
rol. Jph, 18:468-473, 1983.

Kottel RH, Hoch SO. Parsons RG, Hoch JA :
Serum ribonuclease activity in cancer patients. Br.
J. Cancer, 38:280-286, 1978.

Kumagai H, lgarashi K, Takayama T, Watanabe
K, Sugimoto K, Hirose S : A microsoma endori-
bonuclease from rat liver. Biochim. Biophys Acta,
608:324-331, 1980.

Kumagai H, lgarashi K, Tanaka K, Tanaka K,
Nakao H, Hirose S : A microsomal exonuclease
from rat liver. Biochim. Biophys. Acta, 566:192-
199. 1979.

Maor D, Klein ME, Kenady DE, Chretien PB,
Mardiney MR : Carcinoma of the lung and ciga-
rette smoking. Effect on serum ribonuclease activi-

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

0000 oooo oooob oo oo —

tiy. JAMA, 239:2766-2768, 1978.

Nakane H, Yoshida M, Murakami T : Assesment
of the clinical usefulness of serum ribonuclease
assays: and indicator for the detection of panceratic
cancer. Gastroenterol. Jph, 14:55-62, 1979.

Park JS, Kim YS, Koh JK : Acid deoxyribonucle-
ase as a biochemical marker for human cancer. J.
Hanyang Med. Coll, 15:37-52, 1995.

Peterson LM : Serum ribonuclease in the diagnosis
of pancreatic carcinoma. Proc. Natl. Acad. Sci. US
76:2603-2634, 1979.

Reddi KK, Holland JF : Elevated serum ribonu-
clease in patients with pancreatic cancer. Proc. Natl
Acad. i, US, 73:2308-2310, 1976.

Sandiford JA, Chiknas SG : Hyperamylasemia
and ovarian carcinoma. Clin. Chem, 25:948-950,
1979.

Segal HL, Brenner BM : 5'-nucleotidase of rat liver
microsomes. J. Biol. Chem, 235:471-474, 1960.
Sheid B, Lu T, Pedrinan L, Nelson JH Jr : Plasma
ribonuclease. A marker for the detection of ovarian
cancer. Cancer, 39:2204-2208, 1977.

Shimamura J, Fridhandler L, Berk JE : Unusual
isoamylase in cancer-associated hyperamylasemai,
Cancer, 38:2121-2126, 1976.

Trams EG, Lauter CJ : On the sidencess of plas-
ma membrane enzymes. Biochim Biophys Acta,
345:180-197, 1974.

Warshaw AL, Lee KH : Characterisitic alterations
of serum isoenzymes of amylase in diseases of
liver, pancress, salivary gland, lung and genitaia. J.
rg. Res, 22:362-369, 1977.

Watson JD : Molecular biology of gene-The viral
origins of cancer as a hereditary change. 3rd edition
WA Benjamin Menlo Park, p642, 1976.
Yamanaka M, Tsubota Y, Anai M, Ishimatsu K,
Okumura M, Katsuki S, Takagi T : Purification
and properties of acid deoxyribonucleases of human
gastric mucosa and cervix uteri. J. Biol, Chem, 249:
3884-3889, 1974.

Yoon DK, Koh JK, Kim DS : A study of enzymes
involved in nucleic acid degradation in human uterine
cancer tissue-Purification and properties of DNase |
from human cervical cancer cells. Kor. J. Biochem,
12:1-8, 1980.



— O0ooooooooo -0 70 020 20010 —

Biochemical Markersfor Osteosar coma

ChangWoo LeeM.D., Woo Jin Cho M.D., M.D., JaeLim ChoM.D., Tai Seung Kim M.D. and
Kuhn Sung Whang M .D.

Department of Orthopaedic Surgery, Hanyang University, College of Medicine, Seoul, Korea

Purpose : To investigate biochemical markers for osteosarcoma, activities of deoxyribocucle-
ase(DNase), ribonuclease(RNase), 5’ -nucleotidase, alkaline phosphatase and amylase were
determined in the osteosarcoma tissue and serum of patients with osteosarcoma. Also studied
were DNase, RNase in osteosarcoma tissue, isolating the enzymes from the sarcoma tissue and
investigating the sarcoma specific enzymes.

Materials and Methods : The experimental tissue and serum were obtained from twelve
patients with osteosarcoma. The control group were obtained from the normal healthy tissue of
the same patients. The tissue were centrifugalized to obtain extracts. The extracts were analized
for the estimation of nucleic acid, protein contents and enzyme activities. And then each
enzymes were isolated and analized by DEAE-cellulose chromatography and estimated for
activities.

Result : Activities of acid DNase, RNase, 5'-nucleotidase and akaline phosphatase were sig-
nificantly increased in osteosarcoma tissue. Neutral RNase in osteosarcoma tissue was shown to
bo highly active, exhibiting secretory form of RNase inhibitor associated with the RNase was
also increased. In the serum of patients with osteosarcoma, RNase activity was significantly
increased. DEAE-cellulose column chromatographical analysis revealed that acid DNase was
isolated as a single enzyme and neutral RNase as five isozymes in osteosarcomatissue.

Conclusion : The results indicated that combination of these enzymes could be used as mark-
ers for osteosarcoma. The results indicated that acid DNase and neutral RNase might play arole
in genesis of sarcoma and suppression of sarcoma.
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