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ABSTRACT It is widely known that cell-mediated immunity is activated during mycoplasma
infection, and it is considered that cell-mediated immune response might contribute to the formation
of lung lesions during mycoplasma infection in man. However, the treatment of mycoplasma pneu-
monia using antibiotics with immunosuppressants or immunomodulators has not yet been examined in
detail. This study was performed as fundamental research to apply immunosuppressants or im-
munomodulators to mycoplasma pneumonia in man.

A mouse model of mycoplasma pneumonia was first established using Mycoplasma pulmonis.
Mice were treated with either minocycline (MINO), the immunosuppressants, prednisolone (PSL) or
cyclosporin A (CYA), or the immunomodulator, interleukin-2 (IL2), or a combination of MINO, im-
munosuppressants and immunomodulator. The mice were treated every day from day 3 to day 9
after inoculation. The effects of treatment on lung lesions, the isolation of mycoplasma organisms
and host reactions were compared between the experimental groups, and the following results were
obtained.

1 Treatment with MINO reduced inflammatory cell infiltration in the alveoli (alveolar lesion), but
"did not teduce peribronchial nor periarterial cuffing with mononuclear cells, i. e., lymphocytes and
plasma cells (interstitial lesion). This treatment could not completely eliminate mycoplasma
organisms from the lung.

2) Treatment with MINO and immunosuppressive agents (PSL or CYA) reduced both alveolar lesion
and interstitial lesion, but the number of mycoplasma organisms in the lung remained at the same
level as in the mice treated with MINO alone. Both humeoral and cellular immune responses were

Abbreviations M. pn 1 Mycoplasma pnewmoniae
CMI : Cell-mediated immunity M. pul © Mycoplasma pulmonis
CYA : Cyclosporin A PSL : Prednisolone
IL2 : Interleukin-2 SRBC : Sheep red blood cell

MINO : Minocycline
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suppressed in the host animals.

ALBEEREE

3) In mice treated with MINO and IL2, slight interstitial lesion was observed. Alveolar lesion was

also reduced and many macrophages were found infiltrated in the alveoli 2 weeks after inoculation.

The number of mycoplasma organisms in the trachea and lung were the least among the experi-

mental groups.
were activated in the host animals.

Both specific antibody response and nonspecific cell-mediated immune response
The results of this treatment suggested that the immune

responsiveness of the host animal played an important role in eliminating mycoplasma organisms.

4) Interstitial lesion was reduced by treatment with CYA alone, on the other hand increased by IL2

alone.
tion of the interstitial lesion.

The results suggested that cell-mediated immune response might contribute to the forma-

These data suggest that there are two methods of therapy with antibiotics for mycoplasma pneu-

monia : one is the nonspecific suppression of cell-mediated immune responsiveness in the host, while

the other is the nonspecific activation of cell-mediated immune responsiveness in the host.
(Received September 14, 1989 and accepted October 4, 1989)
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Table 1 Experimental procedures

No. of mice used in

i . Treatment® .
Experimental M. pulmonis each experimental group
group inoculation Agent® Dose Route of Weeks after inoculation
administration® 1 2 3 4 6

NON INFECTION — - 10 10 10 10 10

INFECTION + - 10 10 10 10 10

MINO + MINO 0.6 mg/body/day DW 5 5 5 ND® ND

MINO+PSL + MINO 0.6 mg/body/day DW 5 5 5 ND ND
PSL 15 mg/kg/day SC

PSL + PSL 15 mg/kg/day SC 5 5 5 ND ND

MINO+CYA + MINO 0.6 mg/body/day DW 5 5 4 ND ND
CYA 50 mg/kg/day SC

CYA + CYA 50 mg/kg/day SC 5 5 5 ND ND

MINO-+IL2 + MINO 0.6 mg/body/day DW 5 5 5 ND ND
IL2 4.8 ug/kg/day SC

IL2 + L2 4.8 ug/kg/day SC 5 5 5 ND ND

» Mice were treated with the indicated agents every day between day 3 and day 9 after Mycoplasma

pulmonis inoculation.

» PSL ; prednisolone, CYA ; cyclosporin A, IL2; interleukin-2, MINO ; minocycline.

9 8C; subcutaneous, DW ; drinking water.
4 Not done
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Weeks after inoculation
a) The experimental procedures are shown in Table 1.
b) The degree of severity of lung lesion is scored as either 1,2,3,or 4, with 4 being
the most severe. When no lung lesion was found, the score was 0.
The columns represent the mean, and the vertical bars S.D.
c) All valves in NON INFECTION group are 0.
*P<<0.05; INFECTION vs groups treated with various agents.
Fig. 1 The lung lesion score in Mycoplasma pulmonis-inoculated mice treated with minocycline, prednisolone,

cyclosporin A or interleukin-2.
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a) The experimental procedures are shown in Table 1.

b) Relative lung weight= (lung weight/body weight) X100, The columns represent the mean,

and the vertical bars S.D.

#P<0.05, ##P<0.01; NON INFECTION vs INFECTION

*P<0.05, **P<0.01; INFECTION vs groups treated with various agents.

Fig. 2
prednisolone, cyclosporin A or interleukin-2.

IR BER L oM T, MEEREEZIRED LR
Toia o,
© 3-1-3 FhREERAME

FTART O RGERE~ ¥ 20T, FEEBEN
RERRTH RIS b hish - 7.

BB 1EB T, lalEn, SETERA~
DOFFEREF R LT 5 K EMBORB G, TRD S k.
Ft, [REZMEREFEME & zoFRmRFREo—
FiziL, Vv AR E oA MROBENBE
bt 2 8B s & laEACIF R EROIEMN,
=rsm7y—obREL, [RESEMC G EEMRED
HENBIL oL 5 Icihote. ¥, SEZMEIREE
FIEAD Y v BRI X OTE MO BB S T D
bt (Fig.3-a, b). 3BEBUEE, MEENRE X
h b, KEZHEIRAAMERENERERY, 68
B EZIRRES RO bl

MINO BFEo 1, 2:8E GRS REEL L T,
el SESHESRABNEOREZERE T
Hote IBEHIE, MREEAOKREINHEHEER LD,
SESMERAERE K L OHESRA~D Y v osBkls
L OWEMRORBIRECFEL = (Fig. 3-0.

MINO & PSL, MINO & CYA DffHE D 1. 28
BT, MINO BB v &, Fhfgker, S&Zimer
IREEBEORE B Lic. 3HEE T, MINO ¥
Mo 3 BE TR ONKE T IMEIIREE M ERE I,
EEHEE L (Fig. 3-d).

MINO & IL2 bt HE® 2B B¢y, FlEAOR
FILZIEER L. i, [EIWEIRAERES X
Ok fR~D ) v <3RBT, MINO Bg L [RE

The relative lung weight in Mycoplasma pubmonis-inoculated mice treated with minocycline,

Biggdbh, 3HAB T ZOERAIEDL Lo,
PSL %X O'CYA BB 1, 28y, Fifun
DRFETREHBRHEL D EETH - 7ord, [ELZNE
JREFRREORE LT E A LD bl - 72 (Fig. 3-
e, . Lal, 3BECRREINEIREAARERE
DHBLTE

IL2 By 1, 288G, KESMEIREREME
OREIREHBHEL VEECh - . KETHENC
VTR ERE RO KENIE R R S, FifakR~055E
Mmooy, MEKEZRAOMBECRBL, £Tic
RSB I VL EZ2 D= e 7y —ORFEDLR
7o (Fig. 3-g, h). 3 AR cfifERRE Iz 7L it
b, SETMEBIRFEBARBERENER L ot
EFORY 2 EB BT A RERGEY, S8
EIRBEMBERE L, MIEEARECER L THEL
7- (Table 2).
3:2 TPRRICEITZEREOST

ERICRIT LI, KEOWEXRENICHERL K
BEr Fig 4 iR Ui, RBRYEBEE L B LT, Tk
MINO BE¥h#c1, 3588w, MINO & PSL ot F#t
TIERIEMETBELTET LAY, SECHERLE IR
LAERAD Uo7, MINO & CYA ot BB O
ERELHEER, MINO B & zigREOER 27
Liz. MINO & IL2 ot RO OE &1 3 B8
LT, RECTIL 2:BB WA L. —, PSL,
CYA, IL2 0BT, SECBT5EOM 1R
BHhieh ot
3:3 ®ES QT BT IAOTIMANHER
ELISA¥ 12 X %, M. pul w5t 3 5 45 21 oG,



FLBRER 3

Mt - FFS 84

408
Fig. 3

o




58 (6) 1989 ~ & % mycoplasma JiZ OHiAR], REMFIHF, FHE I L HEEDERE 409

Table 2 Comparison of lung lesions among wmice 2 weeks after intvanasal inoculation of Myco-
plasma pulmonis treated with minocycline, prednisolone, cyclosporin A or interleukin-2.

Lung lesion

Treatment® Peribronchial and periarterial Alveolar inflammatory
mononuclear cell infiltration cell infiltration

No treatment + 4 T

MINO® + Cora
MINO-+PSL —or + —or +

PSL —or+ 4+
MINO+CYA —or+ —or +

CYA —or + 4

MINO +IL2 + Cord

IL2 +++ +

» Mice were inoculated with Mycoplasma pulmonis (M. pul), and subsequently treated with various
agents as shown in Table 1.

» The various lung lesions were examined microscopically 2 weeks after intranasal inoculation of M.
pul. The degree of severity was scored as either +, ++, or +++, with ++ + being the most
severe. When no lung lesion was found, the score was expressed as —.

© The abbreviations are as shown in Table 1.

Fig. 3 Histopathological observation of lung tissues from Mycoplasma pulmonis-inoculated mice.

a) 2 weeks after inoculation. HE(X17).

b) 2 weeks after inoculation. HE(X85). Peribronchial and periarterial cuffing with mononuclear cell
infiltration and alveolar inflammatory cell infiltration were observed.

¢) 3 weeks after inoculation treated with minocycline. HE (X85). Peribronchial and periarterial
cuffing with mononuclear cell infiltration was slightly decreased and no inflammatory cell was seen
in the alveoli and bronchial lumen.

d) 3 weeks after incoulation treated with minocycline and prednisolone. HE (X85). Most peribron-
chial and periarterial cuffing with mononuclear cell infiltration and alveolar inflammatory cell
infiltration disappeared.

e) 2 weeks after inculation treated with prednisolone. HE (X17).

f) 2 weeks after inoculation treated with prednisolone. HE (X170). Peribronchial and periarterial
cuffing with mononuclear cell infiltration was slightly seen and alveolar inflammatory cell infiltration
was more prominent.

£) 2 weeks after inoculation treated with interleukin-2. HE (X17).

h) 2 weeks after inoculation treated with interleukin-2. HE (X170). Peribronchial and periarterial
cuffing with mononuclear cell infiltratioft became more prominent and many alveolar macrophages
(arrow) were seen in the alveoli.
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Weeks after inoculation

a) The experimental procedures are shown in Table 1.
* P<0.01; INFECTION vs groups treated with various agents.

Fig. 4 The number of mycoplasma organisms in the lung tissue (®) and trachea (O) obtained from Mycoplas-
ma pulmonis-inoculated mice treated with minocycline, prednisolone, cyclosporin A or interleukin-2.
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1231 231231231 231 2 3 1
Weeks after inoculation

a) The experimental procedures are shown in Table 1.

Fig. 5 The serum antibodies detected by ELISA against Mycoplasma pulmonis. The mice were inoculated with
Mycoplasma pulmonis, and treated with minocycline, prednisolone, cyclosporin A or interleukin-2.
Each point represents the mean, and the vertical bars S.D.
o—eo ; [gG, 0—0; IgM, o---O; IgA.
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treated with

minocycline, prednisolone, cyclosporin A or interleukin-2

Relative thymus weight®

Experimental
group® Weeks after inoculation

1 2 3 4 6
NON INFECTION 0.10£0.05 0.09+0.03 0.09%0.03 0.09%0.01 0.07+0.02
INFECTION 0.16+0.09 0.18+0.09# 0.17+0.07* 0.12+0.05 0.09+0.03
MINO 0.15+0.06 0.1440.03 0.1340.03 ND® ND
MINO-+PSL 0.06+0.04* 0.03+0.02** 0.10+0.03 ND ND
PSL 0.04x0.02** 0.03£0.02** 0.16£0.04 ND ND
MINO+CYA 0.11£0.09 0.12+0.03 0.12+0.02 ND ND
CYA 0.12+06.03 0.08%0.05* 0.02+0.01** ND ND
MINO-+IL2 0.19+0.17 0.17+0.06 0.18+0.04 ND ND
1.2 0.13£0.04 0.11x0.04 0.08%0.05* ND ND

~ @ The experimental procedures are as shown in Table 1.
» Relative thymus weight= (thymus weight/body weight) X100, (Mean=+S. D.).
9 Not done -
#p<0.05, #p<0.01; NON INFECTION vs INFECTION
*p<0.05 **p<0.01; INFECTION vs groups treated with various agents
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Table 4 Relative spleen weight of Mycoplasma pulmonis-inoculated mice treated with
minocycline, prednisolone, cyclosporin A or interleukin-2.

Relative spleen weight®

Experimental
group? Weeks after inoculation

1 2 3 4 6
NON INFECTION 0.40+0.11 0.34+0.04 0.35+£0.07 0.350.09 0.33+0.09
INFECTION 0.41£0.09 0.48+0.02 0.44%0.10* 0.53+0.12# 0.53+0.21*
MINO 0.3440.07 0.291+0.05* 0.42+0.11 ND® ND
MINO-+PSL 0.0610.02** 0.134+0.03** 0.45+0.09 ND ND
PSL 0.09£0.02** 0.274+0.07 0.48+0.24 ND ND
MINO+CYA 0.360.05 0.50+0.04 0.36+0.05 ND ND
CYA 0.53+0.09 0.77%£0.29 0.84+0.19** ND ND
MINO-+IL2 0.59+0.07 0.50+0.10 0.60£0.11* ND ND
1.2 0.60£0.12%* 0.97+0.12** 0.72+£0.19** ND ND

% The experimental procedures are as shown in Table 1.

» Relative spleen weight = (spleen weight/body weight) X100, (Mean=+S.D.)
© Not done

#p<0.05, *p<0.01; NON INFECTION vs INFECTION

*p<0.05, **p<0.01; INFECTION vs groups treated with various agents

Table 5 Delaved-type hypersemsitivily to sheep red blood cells (SRBC) in Mycoplasma pulmonis
~inoculated mice treated with minocycline, prednisolone, cyclosporin A or interleukin-2.

% increase of footpad swelling®

Experimental
group® Weeks after inoculation

1 2 3 4 . 6
NON INFECTION 12.1x2.7 14.3£1.2 14.440.9 14.2+1.9 15.0x1.5
INFECTION 4.3+1.6% 7.1+1.4* 7.4+1.3 13.7+2.6 20.5£2.0%
MINO ND® 18.3+1.1* 18.6+3.9* ND ND
MINO+PSL ND 3.4£0.4 9.3+2.2 ND ND
PSL 2.6x1.0 6.0+1.7 7.8+1.9 ND ND
MINO-+CYA ND 7.0x3.1 11.44+4.5 ND ND
CYA 6.5t2.9 6.3+3.0 2.0x0.9 ND ND
MINO+IL2 15.1£2.1** 36.3£7.2%F 28.5+5.6%* ND ND
1.2 53415  9.6x2.4 10.41.0 ND ND

¥ The experimental procedures as shown in Table 1.

v 9¢ increase of footpad swelling= ((the thickness of the left footpad injected with an eliciting dose of
SRBC-the thickness of the right footpad injected with saline)/the thickness of the right footpad inject-
ed with saline) X100, (Mean=S. E.).

9 Not done

#p<0.01; NON INFECTION vs INFECTION

*p<0.05, **p<0.01; INFECTION vs groups treated with various agents
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