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SUMMARY

Recent evidence indicates that growth factors modulate responses of mammary epithelial cells
to environmental stress. The objective of this study was to examine the cellular and biochemical
responses of mammary tissue to environmental stress caused by artificial mastitis. For exper-
imental approach, toxins of most mastitis causing organisms(Staph. aureus or Strep. agalactiae) and
heat stress(42%) were artificially exposed to mammary tissue. Effects of these environmental
stresses on cell growth, cell death and heat shock protein synthesis were examined.

Lactating mammary tissues were cultured under basal medium(DMEM) supplemented with in-
sulin(10.g /ml) and aldosterone(1.g /ml). All treatment groups in heat stress at 42C incubation
significantly decreased DN A synthesis rates in comparison with those at 39°C (P<0.05), however,
these decreased DNA synthesis rates were recovered by addition of adenosine(10.M) and IGF-1
(10ng /ml). Similar results were obtained when tissue growth rates were measured by DNA con-
tent /tissue. Strep. agalactiae toxin did not significantly decreased DNA content /tissue in com-
parison with no treatment of bacterial toxin with or whthout heat stress, however, tended to de-
crease DNA contents /tissue without heat stress, In the fluorography analysis, heat stress(42C
incubation) slightly increased %S-methionine labelled 70kd protein synthesis.

These results indicate that environmental stress caused by artificial mastitis slightly decreased
mammary growth or mammary size, however, these results could be recovered by addition of
adenosine and IGF-I.
(key words : environmental stress, mammary tissue, bacterial toxin, heat stress, mammary

growth, adenosine, IGF-I, prolactin)

B =i 3R Yy AE A7 aA 7 s AR AE
*EENRA FWeA TS, Y
= s st Ad o) g g3}t FFPH L



LM &

X724 A JE 222 estrogen ¥ pro-
gesterone ©o|&je] [HEAW ArHEH|AE-(aut-
ocrine) =+ 23 EY)(paracrine) ZHgol ol B
HIE AAE olate] o] 305 Aoz Wiy
tHImagawa %, 1990). 53] f-d4uH x| Z2)%}
28 7KHee A% Q=2+ EGF(Brown %,
1989 Okamoto®} Oka, 1984; Sheffield®} Welch,
1987; 4 %, 1993: <, 1995), IGF-I(Baumrucker
¢} Stemberger, 1989; Ethier %, 1987), bFGF
(Oka %, 1991), TGF-a(Oka %, 1991) S°] e
o, F2d&= purine nucleoside$! adenosineo] §41
ZA 2 A& JHeE A2 BaEATH(Yuhst
Sheffield, 1991; & &, 1992). ¢]& | F& 2] A3
AEL g8 F/59 A5 U3l 432 & 7
A EE JAERY &49 2AE wWE A o A
FxAoz HEAT= 7Ies T3l ULt o9

2 AR fAlgEol Tl JAARNAEC] o
F57o] BAAg S o3t AL KRR S w
& Az ez IEAY 5 e S
eR) F0, gl digh wolrlsg g3 Ay
T AE eR Fo

2o 2J&le f#-7)5)+= @A (heat shock prot-
eins)& Aol A wtel|g]o} ZHHA] w9 Fag wr
25 R 33 l=dl (Morimoto &, 1990; Youn-
g 5, 1990). 53] wlolaiAy AXu HHdxLir}
heat shock DAL {747 Ao vetsit
Rg7tx g8 JAAAE heat shock Tl d g4
EE o8 XA Hdo) B e F3] A=
dl, Ting $(1989) & %559 insuling 7HHEo] 3
7N A3 heat shock(70kd) ©hido] AH =
AxE Budgy, £33 Sheffield®} Kotolski
(1991) = A3 9337 Z EGFE 7N AS
7% heat shock ©¥id & S7FA AT B s}
Aot

£ d7e 49 A AW gl
9l heat stress @ WYUA E4AGo) FAFE T
£ FATAEe] S PlAle &HE FESL,
heat stress @A $AE 4= 3= heat shock T}

A9 BAYBEAL 4 WeleH 72AEE o
a7 sk,

I.xz 3y

1. FMZF A3 W vt

E 2o o]gd Ao Az 74
Z=5gA FYsA T TR F 4l Rax
< AAZ thg AYUER 248t {9 B9
3 F st er, 7hEdt 243 FARAS AF
tAth ANHS FHARAS 2x2x2mme] FA7|ZE A
A o2, 20708 6 well ¥ioF HA] (Corning Glass
Works, Corning, NY, USA)el 2F3ka] uj %3t
o

FAZA wldE 913t DMEM (Dulbecco’s Mod-
ified Eagle’s Medium, Sigma Chem. Co., Mo,
USA) kel insulin(l, 10xg/ml) 3} aldoster-
one(A, lpg /ml)& H78ted 7| 2ulfe 0.2 o] g3}
At} Heat stress @ Z48kgo) gl 32 9 4
Azt AFE ZHESY]) 93 adenosine(100x
M), IGF-1(10ng/ml) % prolactin(100ng /ml)
(AA sxc & ddddA fadde Ho vks-F
=Yg ERISAL) S AU wdx=uL 39T,
5% CO-95% air i wlF7|& o] 83ty on, <
#1279 heat stress& 7}5}7) $18k Y ZA9
42C wWiF7IE ol &3t APEA uE IGFI
(UBI, NY, USA) adenoine, prolactin & Strep.
agalactiae®t  Staph. awreus(ATCC, Maryland,
USA) =448+ heat stressf719} FA]9 34}
agbel 328 9 38EA L Sigma Chemical Co.,
Mo, USA®IA 79138t o] &8+t

o K
T
o oX

to
i

2. Heat stress

Aol FAZAG dollA A 712 v g oA
HjFetq o m, heat stressE F71A 24417 Fohe
399 5% COr95% air wig71olA] vt o,
24A7F £, 42CE ARE wigTI= HolAlA AHE
Hoj| whe} 2A17h, 29 & 6UTF BBl F4
zZ%¢] DNASH 3 DNA % A= 2 23 sad.

3. 4ell2jol T

— 326 —



frige] wadE P i Eo] B whelg ol
Strep. agalactiaeSt Staph. aurenss AR st oW, ¥
glglo} 4288 95+, Strep. agalactiae Rab-
bit blood agar ¥lRE , Staph. aureus Trypticase
soy agarg ztz} olgala] Z2AIZt. ATCC3A}
FHol] M2 Z|2uR]A 24z} wjEA AT L 1X
10%cfu /mlE AEE 4 7] (cell distruptor) S o]-&3}
o Azt g glols WAzl gl B4 E
5% 2pm UEE o] &3t A1zl F, wleglo} %
27} Bf-E Aadg Ao FAxA 6 et o
o A8l wE ureE|o} SANSS HEF
E4uHeo mE RAMGEORE 44 229 DNA
394 ¥ DNAZE =3, heat shock ©jZ{7
ol

4. ==|e] DNA #4%X(DNA synthesis)

fle] Aol 93l Xeld FHaRAE 290
wjkA7] F SH-thymidine(1,Ci /ml, Amersham
Co., lllinois, USA)& H7Fated 12A13F v FAIRTE.
#242321S Tris buffer(50mM, pH 7.4)2 A&
% ZAA7)(tissue homogenizer) £ 10% Tric-
hloroacetic acid(TCA)3tellA] 225 F23t AR
o #3skE §A4E A (1,000xg, 408) A2
% 2L methanol-chloroform(2:1, vol /vol),
ethanol#} ether 502 WS F2 AAAZH,
liquid scintillation counterg2 A& radioac-
tivityE 2438k th

5. DNA #2 &3

DNA 3454 oA ANAIE ute o] 275
645 Ml Wi F, 22779} 10% TCA &
Ag o3t ZAW DNAE FE3%on, Bur-
ton(1956) el fste] AU FHH e
DNA %8 45t

6. el H7|HE U fluorography

AP M 2x2x2mme) A7 2 Hg FHZ22
< 6 well ¥WiFHANA FAe, IGF-I, adenosine
9 prolacting F7HA713, 39T 2 42CoA 33U
v kst o heat shock T A FA-L heat stress
7§24 $S-methionine-g 2zt xa]ol) 247 B¢+ A

7} viFAlA Gl FAA] 5S-methionine®] heat
shock whuidel] 495 = A2l E ol &3t §44
heat shock w#a& vha A7|9g%(12%, SDS-
PAGE)¥el olste] ©idg Fe]sted Coomas-
sie Brilliant Blue R2502.2 g43igon, wid
TAA] BS-methioninee] 48 9AL fluor-
ographyel st} FEA|3ket. 7heFé], SDS-PAGE
o ojste] Rulg vl Ag 7EAZl §, Kodak
XAR-5 film3} &7 intensifying screen cassetteoll
¥m —-70CA 1087 =FAA ) 10d F, film&
A& & developer, fixer -&4o] Z+z} 58, 30%
St @ F dxAFH e, o5 w2 Laemmli ¥
H(1970) & 44 B3 Hames(1990) wgol wat
HAAtstgct, Melo] whE A F3 2 heat
shock @934 F &&= Digital Imaging & Anal-
ysis Systems(Alpha Innotech Corp., CA, USA)
£ o] &3t BA s

1. EAIEN

2 a9 4¥A4uE4 e PC-SAS packages ©]
S3lar, eAde) wixg o] ANOVAR BAEA 3}
sjom, Z+ 22zt ¥luE pre-planned comparison
o olate] Wl A on, 7 dyujrt 3uks o]
& AT

0. ==t o

e A sEEate] JagdAle] ddsteM =
2o 2 AAAZ Hu Aok FEe] f42 A
o dgde JsaP oleld fARAWe] rprEH]
EE 23EY] AR ot BHlEe ZHE ARE
o3t Aol HH, 53] Ftg LA FHRAY
o wAE e 1&g A HARES FHEA
A F A= 715E 9 o

Fig. 12 a9 §32Ed 2 220 Hst 2
4 Az e 43 A= E3E JeRd Fojth
Ao A g e F= 257 39CdA,
Fx18] 79 DNAFHA A=+ 1,016 dpm/ug DNA
olleon HAZAe] adenosine(100.M), IGF-I
(10ng /ml) 2 prolactin(100ng /ml) & z}z} H7}s}
A&A 2] DNAF AEE 1,352, 1,324 B

-~ 327 —



DNA Synthesis

1800+ €25 39°C incubation
E=e 42°C incubation
15004 a,b ab

dpm/pg DNA
w
[=]
°

Adenosine  IGF Prolactin

Treatments

Control

Fig. 1. Effect of heat stress(427C) on DNA syn-
thesis of bovine mammary tissue in the
presence or absence of various mitogen-
s(control; no treatments, adenoine; 100,
M, IGF-I; 10ng/ml, prolactin; 100ng/ml).
a=treatments at 39°C greater than no
treatment at the same temperature(P<
0.05), b=39C greater than at 42°C within
the same treatment(P<0.05), c=treat-
ments at 42°C greater than no treatment
at the same temperature(P <0.05).
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Fig. 2. DNA contents of bovine mammary tis-
sue that were incubated under condition
of heat stress(42¢C) or normal(39¢C) in
the presence of adenosine(100.M), prol-
actin(100ng/ml) or IGF-I(10ng/ml). a=
treatments at 39°C greater than no treat-
ment at the same temperature(P<0.05),
b=39C greater than at 42°C within the
same treatment(P<0.05), c=treatments
at 42°C greater than no treatment at the
same temperature(P<0.05).
note: DNA /tissue=DNA contents in 20
pieces of 22X 2mm mammary tissues.
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Fig. 3. DNA contents of bovine mammary tis-
sue that were incubated under condition
of heat stress(421) or nmormal(39¢C) in
the presence of adenosine(100.M), prol-
actin(100ng/ml) or IGF-I(10NG/ml). All
treatment groups were incubated with
Strep. agalactiae toxin. a=treatments
at 39°C greater than no treatment at the
same temperature(P<0.05), b=39C gre-
ater than at 42°C within the same treat-
ment(P<0.05), c=treatments at 42°C gre-
ater than no treatment at the same tem-
perature(P<0.05).
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Fig. 4. DNA contents of bovine mammary tis-
sue that were incubated under condition
of heat stress(42C) or normal(39C) in
the presence of adenosine(100.M), prol-
actin(100ng/ml) or IGF-1(10ng/ml). All
treatment groups were incubated with
Staph. aureus toxin. a = treatments at
39°C greater than no treatment at the
same temperature(P<0.05), b=39C gre-
ater than at 427C within the same treat-
ment(P<0.05), c=treatments at 427 gre-
ater than no treatment at the same tem-
perature(P<0.05).
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Fig. 5. Analysis of heat shock protein(70kd)
synthesis by SDS-PAGE. Bovine tissues
were cultured at 39°C or 427 for 3 days,
and the relative protein contents were
inferred by densitometric analysis of
Coomassie Brilliant Blue R250 stained
protein band(70kd). *; significantly dif-
ferent than control(P<0.05).
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Fig. 6. SDS-PAGE patterns at 39C- or 42C
-treated bovine mammary tissue under
Strep. agalactiae or Staph. aureus tox-
in treatments. 50,& of tissue protein
was loaded to each lane. A) Lane std;
molecular weight standard, Lane 1; no
treatment(control), Lane 2; prolactin,
Lane 3; adenosine, Lane 4; IGF-1, Lane 5;
strep. agalactiae only, Lane 6; prol-
actin, Lane 7; adenosine, Lane 8; IGF-I,
Lane 9; no treatment(control), Lane 10;
prolactin, Lane 11; adenosine, Lane 12;
IGF-1, Lane 13; strep. agalactiae only,



Lane 14; prolactin, Lane 15; adenosine,
Lane 16; IGF-1. B) Lane std; molecular
weight standard, Lane 1; no treatment(con-
trol), Lane 2; prolactin, Lane 3; adenosine,
Lane 4; IGF-1, Lane 5; stap. aureus only,
Lane 6; prolactin, Lane 7; adenosine, Lane
8; IGF-I, Lane 9; no treatment(control),
Lane 10; prolactin, Lane 11; adenosine,
Lane 12; IGF-I, Lane 13; staph. aureus
only, Lane 14; prolactin, Lane 15; adenosin-
e, Lane 16; IGF-1.

note; prolactin(100ng/ml), adenosine(100.
M), IGF-1(10ng/ml)
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Fig. 7. Fluorographic analysis of heat shock
protein(70kd) synthesis. All treatment
groups were incubated with Staph. aur-
eus toxin at 39°C and 42C in the pres-
ence of adenosine(100.M), prolactin(100
ng/ml) or IGF-1(10ng/ml). 3S-methion-
ine was incorporated into heat sh-
ock protein during the two hour heat
shock period. There were no statistical
differences between groups at 39T and
at 427 incubation.
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