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The 81st Annual Meeting Invited Lecture

TUBERCULOSIS AS A ZOONOSIS

Yasuhiro YOSHIKAWA

Abstract There are more than 700 different kinds of major
zoonosis. Among them, tuberculosis is important, since myco-
bacteriosis, including tuberculosis, is common among non-
human primates and ruminants. Although the natural host
of tubercle bacilli is human, many kinds of animals are
susceptible to Mycobacterium spp., including Mycobacterium
bovis and other non-tuberculous Mycobacteria. In Japan, the
prevalence of the recurrent infection between human and pet
animals leads to increasing trends of, and mycobacteriosis of
exhibition animals sometimes present a severe problem in a
zoo. International standards for the control of infections
caused by animals and foods are established by the Office
International des Epizooties (OIE), which was founded in
1927. Member nations are required to ensure the protection
of human and animal life and health on the basis of
the international standards. Owing to the standards, animal
diseases have been relatively well controlled in Japan. For
example, the occurrence of bovine tuberculosis in dairy
cattle is extremely limited, and the incidence rate of human

tuberculosis in imported laboratory monkeys is quite low.
At present, there is the political plan that the Tuberculosis
Prevention Law will be incorporated into the Infectious
Diseases Control Law without consideration of the notification
procedures of the infected animals or certification of non-
affected animals. Not only veterinarians but also physicians
should be aware of this problem.

Key words: Zoonosis, Mycobacteriosis, Tubercle bacilli,
Quarantine, Infectious Diseases Control Law
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Agricultural and Life Sciences, the University of Tokyo
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Human Disease Models Using Non-Human Primates
Yasuhiro YOSHIKAWA

Graduate School of Agricultural and Life Sciences, the Univesity of Tokyo

Summary

Among 200 species of NHPs, several monkeys and great apes are used for biomedical
research. They are chimpanzees, and rhesus, cynomolgus and Japanese macaques which belong
to the Old World monkeys, and the New World monkeys such as squirrel monkeys and common
marmaosets.

NHPs have advantages over other biomedical research mammals such as rodents in the
ability to more reliably extrapolate their data directly to humans, because they have a closer
genetic, morphological, and physiological relationship to humans than other experimental
animals. Thus, infectious, senile or neurological disease models have been developed using
NHPs. They are also used for translational studies of new medical technologies.

However, NHP also have some weak points, such as: they are expensive, hard to handle,
the absence of genetic and biological controls, the high risk of zoonoses, need for compliance
for CITES, legal quarantine before use etc. Despite these, and other disadvantages, NHP are
still necessary for biomedical researches.

The key point of any NHP animal model is as follows. 1) The same animal model cannot
be obtained in rodents. That is if the model is obtainable in rodents, then there is no need to
develop a NHP animal model because it is easier to get results from rodents than from NHPs.
2) The NHP model covers data, which cannot be obtained from patients. That is if the data can
be obtained from patients directly, it is easier to get results from patients than from NHPs.
Only the NHP models which have the above tow characters may be a breakthrough of
biomedical sciences.

I would like to introduce several NHP animal models including AID, EHEC, AZD, AMD,
TCDD exposure and Gene therapy models in which we are conducting our projects in this
symposium.

Loz

ECWCRERENE LABEZ R, T2RALE
FEHPMICE - BHE - BEE LR CHMoOWAE L H
B2 L7z DH3 7,000 FERT. % OBERE L BREEN
SintL, # 4,000 FEFNCHHTE YA & BT L 28
SFELTz, E M ERITIERA S o —F 2 h31,600 FE
BIT4EE L, 650 HERICT Y I 084500, bk

FrR IR BOELD S 5T DB 500~
00T EFEEFEZONS, AHIZZFOR, BA, E
A IBA, FIALELL, REOEBROHELIIN S~
6 AERICT 7V ARERHT, TLETOAERE .
BLTesHRIHEELLEEZONTVS, B MDIE
EECEL, Fy5ry—3 [E FO#ELOBA] &
WhNBFUTH 5,

FBREHFRRBRETNVESY VRY VL [KEKREMOERT TV E L TOUREM ] BEIH

—472 —



Table 1 NHP for human disease models.

Category Characteristics Models Disease Mechanism
Biologically & Common receptors  Infectious diseases  HIV, SIV CD4
genetically close 0-157 (EHEQC) CTH
relation SARS ACEZ2R?
Ecological & life Long life span, Senile diseases Alzheimer disease  Ap, PS, ApoE
span similarity Diurnal & optic (AZD)
animals Aged macular Light stress?
degeneration Auto Ab?
(AMD)
Type Il diabetes
(DM)
Extrapolation for Brain Psychiatric ADHD, Autism PCB, TCDD BPA?
risk assessment development & neurological CYP450 &
higher cognition, diseases conjugation
& common enzymes
metabolism

Between rodent
models and
human patients

Trial of new
medical
technology

Translational study

Similar host
response

Gene therapy
Regeneration
therapy
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Fig. 1 AIDS model-1.
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FDIHIZSIVIZERLE7 7Y 4 3 KU FALRE
BRAERISEEITIENTE, GERIEST
W SIV 2 RAMIFL Tu< 2 ik b (Fig 2).
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SMRTEETH L, Vo v A VA LEEOERIZE

Activation of dP-Tcell changes to CD8

HBOVANVALBEEDOREFREIEERD, FEHICEHT
3, EFICE FE AIDS YAV ADOHEEER%
FZTHWL LT, ECEEKDIZETLTHS.

2. BELMEXRBEE=E7 L (Fig. 3)
RFWCBRRTEET 2DV VEEE FRPTTH

5, INRBIFNBEOELET 2V 7ER (NugdER) O

Difference between human & AGM

/ HIV can infect to the activated CD4

/ SIV cannot infect to the activated
DP with a helper T cell function.

SIVagm infection before & after activation

CD4 panning cells
after SIV infection

CD4cells activated
culture before
S1V infection

Days after SIVagmTYO-1 infection

Fig. 2 AIDS model-2.

/ Vero toxins bind to the receptor

/ Entero-hemorrhagic E. coli can produce Vero toxins which are derived from Shigella.

Ceramid tri-hexose (CTH) is expressed >1000 times in primates than other animals.
/ CTH distributes intestinal epithelium, renal tubular epithelium, blood vessels.
/ EHEC induced fatal hemorrhagic urinary syndrome (HUS) in human & NHP

CTH expression

/Tt is important using animal models to develop toxin neutralization methods.

CTH expression in ludney
Gromelrus,blood vessel, distal urinary tubules are positive

fyl a,\v. a,g?",‘"

P

& i ‘\m

Fig. 3 0-157 (EHEC: HUS) model.

—475—



/ Senile plaque and paired helical filament (PHF) are the cause of neuronal loss in AZD
/ Thus, senile plaque formation is considered as the primary change of AZD

The senile plaque is not naturally formed in rodents.

It is formed in dogs, bears, cats, or woodpeckers, but not similar to those of human
/ Aged NHP and human have both diffuse and classical senile plaques.

Senile (primitive ) plaque
Fig. 4 AZD (Alzheimer disease) model.
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Distribution of SP in the aged monkeys.
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Familial macular degeneration (FMD)

/ Found in a TPC colony

"1 / Autosomal, dominant gene

0 0
ighais e
[3iiacn

/ MD appeared in juvenile stage
(1.5 to 2 years old)

/ Drusen component is the
same as AMD case

/ Model for AMD and a clue to
find the mechanism

;
d
d e
EEANETL 2 e
e F T ry

:
SR N

xxxxxxxxx

;;;;

3000 +

@Affected monkey : 49
@Survived : 17

@Affected family: ~330

Fig. 5 AMD model with FMD (genetic mutant).
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/ Drusen morphology is very similar to that of human patients

/ Dreusen is positive for complement components, activators & inhibitors.
The same character is confirmed in human drusen. Sun light stress, super oxide, chronic

inflammation, tissue damage & auto-antibody production may be the cause of the drusen.

Fig. 6 AMD model (aged monkeys).
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GENERAL ASSESSMENT

/ TCDD exposure showed no adverse
effect on learning & eye contact tests to
the offspring,

/ But it induced significantly different
social behaviors from those in control
offspring.

/Its difference, however, repaired with
growing

. 4 step
Finger
| Maze

| Test

R
= Jonge
_300np/k
1 2 3 4 step
. Results of social bebavior tests
2 o .
* . B 0 44 ’ PR
lﬁ. 30w
= ° 4 [} " - o .
% ° a L’l% i * Ky
% %o tw‘w le<> .—th B 30
. . . ~ 3: [
+ o 20
5 8306,

g (B (RS
Ordinal and sub-ordinal judgment clearly revealed group difference.

High et +

Fig. 7 TCDD risk assessment using rhesus monkeys.
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/BPA was inoculated by osmotic pressure pump in SC route
10 ¢ g/kg/day from 50 to 150 days of gestation
/ Offspring were checked for eye contact & 4 step finger maze test
/ BAP treatment is apparently no effect on daughters but feminizing on suns?

Eye contact test

Finger maze test

09 Noof eye-contact forl min

3 &3 untreated

M F M E

7-8 months old

2 years old

No.of cumulative sessions

.
i
- B
. .
o
.

~F control
e BPA

1 2 3 4 steps

Fig. 8 Effect of Bisphenol A (BPA) exposure to offspring.
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Lacuna infarct model

Middle cerebral artery infarct

T1 T2 H

Sendai virus vector

Maker gene expression
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NP P M FHN L
Ty
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NP P : HN L
e

Fig. 9 Gene therapy model of brain infarct.
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