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HIV-1 infection is a major cause of worldwide epidemic of tuberculosis. In Japan, the
cumulative number of the patients reported is 131 by the end of 1999 with 10 to 20 an-
nual new cases. Most of Japanese cases are advanced AIDS patients with low CD4 number
less than 100/ 4. The peak age of Japanese patient is 40 to 60 years old, whereas that
of foreigners is 20—30 years old, suggesting that most Japanese cases are recurrent tuber-
culosis. There is increasing clinical evidence that coinfection with M. tuberculosis acceler-
ates progression of AIDS. We found that, in vivo, HIV-1 load and mutation increase in
involved lung segments in patients with pulmonary tuberculosis. We also reported that
Mycobacterium tuberculosis stimulates HIV—-1 replication by enhancing transcription on
the 5° LTR in a macrophage cell line, THP -1, in vitro. In contrast, HIV-1 replication is
suppressed by M. tuberculosis infection of monocytes derived macrophages (MDM) or dif-
ferentiated monocytic THP -1 cells. We observed that HIV-1 5" LTR function was re-
pressed in PMA differentiated THP-1 cells after co—infection with M. tuberculosis. Point
mutations in C/EBP-/ binding domains of the HIV-1 LTR negative regulatory element
(NRE) abolished promoter repression. Monocyte—derived macrophages and differentiated
THP-1 cells increased expression of the 16 kDa inhibitory form of C/EBP-8 after M. tu-
berculosis coinfection. Bronchoalveolar lavage cells obtained from normal controls and al-
veolar macrophages from uninflamed lung of tuberculosis patients also expressed the 16
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kDa inhibitory form of C/EBP-p8. However, alveolar macrophages from lung segments
involved with pulmonary tuberculosis had markedly reduced C/EBP-f expression. These
data suggest that 16 kDa isoform of C/EBP-# plays an important role for the control
of HIV-1 replication in macrophages. We propose derepression of HIV-1 LTR mediated
transcription as one mechanism for enhanced HIV-1 replication observed in pulmonary

tuberculosis.
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Fig. 1 Estimated tuberculosis incidence and HIV attributable
tuberculosis cases in 1990, 1995, and 2000, by region (Rom
WN, Garay SM, Bloom BR : Clinical Aspects. In: Tuberculosis.
Little, Brown Co., New York, 1995, pp444.)
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MBLICTER L, Be REBHNRTF2FET 5, #iC TNF-
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KRBT 2RET 5, M HIV-1 25 LTwb &
A WA ) 5D LTR (long terminal repeat) NF-
«BhEEEL, HIVOBRELREST 29, $4bb,
WA TO HIV OEEFTLHET 5,

in vivo IXBWT LKL A6 LA AIDS BED M+
DT A NVAREFED R VEEITHRT, AEICHES

LAHETENHEEINTWE D, EF 5 IIEMEERT
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728, M AESBEL HIV-1 FikBiEE 11 A L
ESHED R VEEEE 10N (i CD4 HxGbe7/za>
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Fig.2 HIV-1 in BAL fluid from pulmonary tuberculosis. (A) HIV-1 RNA
particles/m! BAL fluid. There is a significant increase in HIV-1 RNA parti-
cles in BAL fluid from radiographically involved segments compared with
uninvolved segments (p<0.01) or in a HIV-1-infected comparison group
with no lung disease (p<0.01). (B) HIV-1 p24 pg/ml BAL fluid. Closed
circles, HIV—-1 involved lungs;open circles, HIV-1 uninvolved lung ; open
triangles, HIV-1 patients with no lung disease. (from reference 8).

Table HIV-1 Concentration in BAL and Plasma

Pt CD4*/#1 Plasma HIV-1/ml

BAL HIV-1/m!

K 100 <10,000
L 84 25,500
M 100 <10,000
N 20 <10,000
X 330 <10,000

577,000
68,300
12,000
10,200
10,200

FEL7-AHE 5 LBV TRET D BAL # HIV
BiRPOFh2 iz 50188 TS (Table) 2 &5,
RIELRD ™7 4 W ADBEINT B M D S 7 A W R DU
AELTERZIDTERL, YVANVADRFELDHEKR
DERTHH I LHRM SN, T/, 3HOEHEL
MR RFARICELRNIIC BAL 24T CZED YA VR
BrRARSCL IS, WEIEDIONEAI LTV T L
PR ENT: (Fig. 3). MBRIEED BAL 0 TNF
—a, IL-6ENa Y bu— VEIZHTHEMLTEY,

BAL H HIV & & TNF & & OMICIZFEFIHEVHEE
BHeENhD (Fig. 4, r=0.996, p<0.001), ZHIiZHL
TIL-6 L DM OMBIZERTIZ RV,

EEBLEEIINVIER

BHICLAREETVANVADERLRETSY, k
HEOMETBALHFDOTA VAERAEROERI N RT
WEEHO V3EBO 7 I/ BEFICOWTHERS L,
aviro—VvE, BIXUEZEHEDOERER»LD
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Fig.3 HIV-1 RNA particles/m{ BAL fluid
decline with treatment for pulmonary tu-
berculosis. BAL fluid from three patients
coinfected with HIV -1 and tuberculosis
demonstrates a decline in HIV-1 RNA par-
ticles/m! after antituberculosis therapy
(from reference 8).

BAL 7 I /BRI MFEFOZNICHRTL DY
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T2 HEARMIC BAL o HIV R IEHR 0 Zh
CIIRBRDBIANATHDZ EHFMREIN, 2F D,

TANVAEELERIIBITITbA TS LBbI S,

HBEOERLICLZY /0T 7L 50D
HIV-1 EE£DE{t

CHETOMEL SHBRBBROREMRICE T
HIV-1 2EL£ L TwafifgidFEE LT 0777
THHIEPHRENTWEY , 22T, bhbhi,
Xy 77 =YD in vitro BT S HIV-1 LEBKD
BRI A NVAEEICRIZT BRI IO T 7 —
TEBRVWTHRE L,

< a7y —VEEME%THS THP-1I1Z HIV-1
L M. tuberculosis H37TRa * ERF X ¥ 5 L, HE
BEHITANADEETTENBZ S, T LiX
HIV-1®70%—% —®ZFLTR ® T chloram-
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Fig.4 Correlation of HIV-1 RNA parti-
cles/m{ BAL fluid to cytokines. (A) TNF-«.
There is a significant correlation (r? =0.99,
p<0.01) between HIV-1 RNA particles/ml
BAL fluid and TNF- « concentrations. (B)
IL-6. There is significant correlation (r?
=0.43, p=0.05) between HIV-1 RNA parti-
cles/m! BAL fluid and IL-6 levels (from
reference 8).

phenicol acetyltransferase (CAT) reporter gene
A& TS5 A3 F% transfect L7z THP -1 #lifg
IZBWTHHER SN,

—%, THP-1i2%2 07 7 =Y 0otk Fil+ 2 E
RS TV 5464 phorbol myristate acetate
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Fig.5 Phylogenetic tree of BAL HIV-1 ¢cDNA from HIV-
1/TB coinfected patients. Patients M, N, and X have viral
c¢DNA clones from plasma (P, no box), involved lung seg-
ments (lll), uninvolved lung segments ([__]). The genetic
distance scale is the percent amino acid substitution
between different isolates (from reference 8).

(PMA) L, &0~ 07 7 —JiIi4bs
BBICERLE S5 EHICHREFNICHIV-1 EAE
RHHT B I L dbh ol RICHRER<IO7 7 —
JICERPEE YL L, PMA HI# THP -1 &L FHRICH
BRIEIC Y A VAEEFIH L2219 (Fig. 6) Z O
MidESE, 4~10HOBTEbLY 2L, TLREEH
H37Rv #, BCG, M. smegmatis {28V THFEEEIC
il & h7zAs, H3TRa DIEH CIIEIRMEE <, HBEH
DK Td 5 Lipoarabinomannan Tid& { R4

%oz, ko HIV-1 LTR CAT THP-1 % PMA
THI#L TS E25E8TH, MOI 1.0 T33% D
MOI 10 Ti266% D CAT {EHOHHIDR S N7z,

C/EBP & &AL & SEHH DRER

HIV -1 LTR ® negative regulatory element
(NRE) »EHHICBS L T2 2 LpmbhTn5,
HIV-1 LTR 2% C/EBP B #&HBALAS3 W & 5 25,
FRZENIZEE %ML HIV-1 LTR luciferase
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Fig.6 HIV-1 Replication and HIV-1 LTR
Function in Differentiated Macrophages. (A)
Monocytes were differentiated with M=CSF
and infected with macrophage-tropic HIV -
1 strain Bal, (n) or ADA (1). Cells were
infected with M. bovis BCG with a multi-
plicity of infection (MOI) of 0.1, 1 and 10.
HIV-1 p24 was measured six days post
co-infection. (B) BF-24 cells are THP-1
cells with an integrated copy of HIV -1
LTR. CAT. BF-24 cells were differentiated
with PMA and infected with M. tuberculo-
sis H37Ra with an MOI of 0.1, 1 and 10.
CAT expression was measured 48 hours
after infection (from reference 10).

construct & wild type ® construct % transfect L
72 THP-1 fifa% A C PMA & RHEEIC & AHEE
B%{To72, wild type ® THP~-1 Tid reporter D%
BAS 4B BRICRIBETIO 1465122 ), ZokPHlISh
TA8HEH BRI — 7 DB0% & 2 o7z, —F, C/EBP
RO THP -1 TidHIBH OEE AT\ A7 48 B F & O
PSR O N D o7z (Fig. T)e 2F h, PMA T4t
Lz 077 —YOEERIC LS HIV EEIHIZE
C/EBP B SH5- LT3 Z LRI E N7,

HEmE~vsO77—Y, SEL THP -1 #8a,
Ml s7077—-JICRERLTWS16 kDa d
C/EBP B isoform

C/EBP B X C/EBP family BT 2EE5EHEFTH
0, ZL OV b HIAvDTOE—F —ITHE LEER
IBORBICEELR%E % £ L TWwb, inhibitory B
X U'stimulatory form @ C/EBP B 13— mRNA
I VESNTHB Y, stimulatory form i 37Kd &
33Kd #*5 % o TV 5, ribosome translation % &%
HEVIE2FEHD AUG »LBHMBTHILICE-T
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Fig.7 Time course of HIV-1 LTR pro-
morter activity in stably transfected THP-
1 cells. (A) Wild-type HIV-1 LTR. M.
tuberculosis (@) or LPS (O) produces
a striking decline in reporter activity in
THP-1 macrophages between 24 and 72h.
(B) HIV-1 LTR with mutated (mut) C/
EBP 8 sites. M. tuberculosis (@) or LPS (O)
produces a moderate increase in reporter
activity in THP-1 macrophages.

stimulatory forms {5, Tt & i3 DNA bind-
ing domain, dimerization domain 3 & ¥ tran-
scriptional activating domain % 2, 16Kd ®
inhibitory form % ribosome 753 #& H ® AUG & Y
translation # AT A2 LIk o TdH S,
DNA binding domain & dimerization domain ®
A% b H, dominant negative transcription factor
ELTHERTA W,
C/EBPRIZ~Z7u77—JICEHLTEY, HIV-1
LTR OTE L HHIOmFEOIERLH 5 Z LMo T
VY, ZOBEERFIEKEORMTTED L) 2@
XELO00FHLICTH20IZ, HLC/EBP B k%
FAv 7= B 3 B ¥ immunoblot 21T o 7z, HEK%
M-CSF OHFET TH#ET S &, 16kDa @ C/EBP B
isoform PRBT A%, BHEBETHHT L L ZORS
BELICHEEENS (Fig. 8), ¥/, THP-1#faz
PMA THI#$ 5 & 16kDa @ C/EBP 8 isoform »5#
FEIZRBLTLBDIC12BEM b 225755, ZORIC
HEHEONBZSLIIMAZ L, B BEMRKRIC
16kDa ® isoform HFE L TL %, JHUIH L THEK
721 DORI# TId 16kDa O isoform ERFEL T %
v, BEBOMRY T 7 7 - VICRBRL TV 50134
#H & PMA THIBL 72 THP-1® C/EBP B isoform
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Fig.8 C/EBPJ Expression in THP-1 cells. (A) PMA. C/EBP 3 expression was un-
changed over 72 hr but at 12 days both 37 kDa and 16 kDa isoforms were induced
on immunoblots with polyclonal anti- C/EBP B antibody. (B) M. tuberculosis
H3TRa. M. tuberculosis induced only a 37 kDa C/EBP isoform over 72 hr. (C) PMA
and M. tuberculosis H3TRa. The combination of PMA and H37Ra induced both 37
kDa and 16 kDa C/EBP 8 isoforms over 48 hr.

TB TB Un
‘Ad Non

Normal Un In—l
- w =

‘ - * <16kDa

Fig.9 C/EBP B Expression in Bronchoalveo-
lar Lavage (BAL) Cells. BAL cells from a
normal control revealed marked spontaneous
expression of 37 and 16 kDa C/EBP A isoforms
in a Western blot with anti— C/EBP B poly-
clonal antibody. BAL cells from a HIV-1
negative patient with pulmonary tuberculosis
revealed both C/EBP 8 isoforms in the radio-
graphically uninvolved lobe (Un) but only
slight expression of the 37 kDa isoform and
no expression of the 16 kDa isoform in the
radiographically involved lobe (In). BAL
cells from an uninvolved lobe of a HIV -1
positive patient with pulmonary tuberculosis
demonstrated marked enrichment of 37 kDa
and 16 kDa isoforms in adherent cells (Ad)
compared to non—adherent cells (Non).

} <37kDa

pattern IZIEFIC L L BLTHB Y, 16kDa » C/EBP R
isoform Z3FEH L T %, EE X AR 5% Ik K 44 it 2
b OFE IR ERMEICFEB L T3 isoform b

ELFAMLY = ThHD, L IAHN, BRI S
DL TITTRTD C/EBP B isoform DFBAIEH
285 2o T3 (Fig.9)o SO T kid, HIV &bk
BTHIEAHEETOEMIILE LS holz, 72, &
B SRR e RO AR & 15 0 & JRN A P ’6}0)"(5{?
Be@lsl, AEGBMBICIZLALDRER S -7
»6, C/EBPR iﬁffiﬂ@77ﬂ77’—‘/ﬂﬂﬁ'§&%l6ﬂ
126

Dbz Las, @ERIEFHREBO BAL #MLICREH L
Twv»% C/EBP 8 short form (16kDa) #% HIV-LTR
® negative regulatory element (NRE) IZ#A& L,
HIV-1 OEE %35 & W) F 2 HEE S h b 9,
SO ERFMT 7010, HIEIREI L IR OM
RArs&A%HE L, NRES£87% oligonucleotide
7 a0 — 7 % F v T Electromobility shift assay
(EMSA) %1757, #EWEMOMALTIZ, NRE &
EHOHL DL BEEROTEBIIRD SN2 o725, &
HIEREROMBETIX, S22 BEAROTRE RN
Y FERED, TO/NY Fid C/EBP B RN IAEDR
BT super shift # L7zZ &5, NRE 4K 2
B L TWAEHIZHENICC/EBPRTHAH I LG &
N7z (Fig. 10), Bl Z &2, ERRER T, C/
EBPBIC L 2HHIAMT S DT I L ) BRI hTB
D, ZO7=DIZ HIV EAMNTEL TWD Z L5 FHl &
e,

AIDS IZ&H T 2 I DERIKE

ffifRZE i34 HIV - A BB O 5% 12 A b 5 28,
BV RZEDHERE b Ev . DOSEDIEF T, ko 5T
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Fig.10 C/EBPf in BAL cells from Pulmonary Tuberculosis. Binding to the HIV-1 LTR Nega-
tive Regulatory Element (NRE). Electromobility shift assays were performed with 25 bp of the
HIV-1 LTR containing the NRE. Lane 1 demonstrates a specific C/EBP NRE/protein complex
in an uninvolved lobe (TB Uninvolved) that is competed effectively with 100 —-fold excess
unlabeled NRE probe (lane 2) but not 100-fold excess unlabeled mutant probe (lane 3). Anti-
C/EBP B antibody supershifts the complex (lane 4). TB involved lobes demonstrate a faster
migrating specific NRE/protein complex (lane 5) that is competed effectively with 100-fold
excess unlabeled NRE probe (lane 6) but not 100-fold excess unlabeled mutant probe (lane 7).
Anti-C/EBP B antibody does not supershift the complex (lane 8).

%BIH DI, —RED IREAGAE B OB 14% 1Z T
LBV, &HHEED 2BICHESN TS, WEX
BigTix, BLSVOIEM, HEEY v oSEEKT, 70
BUEIZHASOND, Zhizx L, ZRIZ18%ICT X%
WV, BRI EEIC25%, TEICI%D Y,
CFARBLIUORREIZENZEN TRIZALNS,
LHL%DS, 29 LR EBIEEDRERT ORE
WCKELEREND, CD4 #A5300/ 11 LA Lo HELHY
RIEREAMR N ER ORBIE X ML LI ICRE &
2T 5 L) ZBEFINL B, T LT, CD4
$¥A5300/ 1 L LT D AIDS 12886 2R ORWIEIEEF
THhb, 20X HEFTIE, MifIB X OHREY >/ Hi
DIEEHIHHEICASND (Fig. 11)o T L7z ¥ /VH
OFRBHBETIE, FEO~ IO 77— OREIEE
ENDBDY, FEALTREIHEB 2 i EREIE R A R
EMIFTCE DS b e\, LA LD H, F—v=—
U REETIERB L VWHOBEEI RIESNE, T0X)
12, AIDS ICABET 25T, BHE A O N D EHIER
FEDT X T —HEOBEN L, TAPFOIICEER
FricH LR BT ERTE R LT, mMATHE, ) v 7971

Fig. 11 A typical extrapulmonary tuberculo-
sis in a patient coinfected with HIV and
tuberculosis. The chest CT scan reveals rim
enhancement of the mediastinal lymph nodes
with central necrosis.
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The 75th Annual Meeting Symposium

. MECHANISMS OF PATHOGENICITY AND HOST DEFENSE IN INFECTIONS
BY INTRACELLULAR PARASITIC MICROBES

Chairpersons : '*Masao MITSUYAMA
?Katsuhiro SUZUKI

1* Department of Microbiology, Kyoto University Graduate School of Medicine,
?Kinki Chuo Hospital

Mpycobacterium tuberculosts is one of the intracellular parasitic bacteria escaping the
intracellular killing inside macrophages. The aim of this symposium was to get some
insight into the mechanism of pathogenicity and host defense in M. tuberculosis infection,
which has not yet been elucidated well, by the presentation of up-to-date knowledge on
these aspect in infection with different intracellular parasitic microbes.

Dr. Yoshikai (Nagoya Univ.) indicated that TLR is involved in the initial response of
host against S. choleraesuis. Among the cytokines contributing to the induction of spe-
cific immunity, the importance of IL—15 was emphasized, based on their own experimen-
tal data using IL—15 transgenic mice and the application of anti—-IL-15 antibody in
vivo.

Dr. Yoshida (Kyushu Univ.) reviewed the mechanisms of intracellular growth of
Legionellae. Several genes so far identified as essential genes in intra—-macrophage growth
appeared to be similar to those encoding type 3 secretion system observed in Shigellae.
There is a significant strain difference in the growth of L. pneumophila inside macro-
phages and such difference seemed to be under the control of a gene at chromosome 13,
Lgn1. The investigation of difference in the mode of escape among various Legionella.
spp. may provide a novel mechansim in bacterial invasion and escape.

Dr. Kawamura (Kyoto Univ.) summarized some new reports on the molecular mechanism
of the inhibition of P—L fusion by M. tuberculosis. He emphasized the importance of the
alteration in phagosomal maturation as indicated by the accumulation of TACO protein.
The possible involvement of TLR in the recognition of Mycobacterial cells and its LAM

was discussed.

*F606-8501 FUERAF HUAR IS 5 X 2 H T AT * Yoshida Konoe-cho, Sakyo-ku, Kyoto-shi, Kyoto
606-8501 Japan.
(Received 21 Jun. 2000)
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Dr. Kawakami (Ryukyu Univ.) first discussed the possibility that Cryptococcus neo-
formans, a fungal pathogen, could be regarded as one of the intracellular parasitic
microbes. His presentation mainly focused on the TH1-TH?2 balance in the expression

of host defense against C.neoformans in mice. From their experimental infection using
attenuated strain TC-13 in various cytokine—knock out mice, the pivotal role of both

IL-12 and IL-18 was clearly indicated.

Key words : Intracellular parasitic bacteria,
Salmonella, Legionella, Mycobacteria, Cry-
ptococcus
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organella trafficking) % EOREFHRAIFESNT
W3, FN5DRIEFOKREFIE, S. sonnei BEED
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BEEREDSE T B L OWMEND D,
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MR EE CHEIBL CELESHh S IFN-y 28EL
el Zh, EBLEENALNT, FLBEORETIL-
18 ZEMES LCORAETH o772, LA L, IL-12#K%
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520, bHETIHREED S HERN/ 1996412 PZA 2 &1 6 7 A OEHLEREDRER
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HET S, BRIERTET RO DL L THRSIZHED
e LZ2BWTBET L LREPBESTH S,

3. BEOHE
EREBRBICE Y 7 2w LBREONY FERLN
BarBlE, RohbwigarBLl g5, $726
EhREIOHESEE LI L HEL, TOHEIE
BREBRT 5,

4. PZA BREMWOHE L
Y5 U35 —CRBREMUAIE PZA BEM, B
I PZA ML T 5,

BEA

ORBIEHA~D OADC HMDOFEITERIHE L5V,

QHEBEMEANCEREHORE I IREREGKE 11 (50~
100 1) BFT2IEICE Y BBEEIES T 5,

QHELEVEAIZACIRELBAHET 5, BHER
B G A EE IR S BRI o F IRk
LTRZ%,

@5 - AEO BN THERYT 554, %4 8 HOBMK
FEHOBESIERTHEICHETAZ LilkoTW
5%, ZORBOBEMITERZFHEMSZ L TH hHEE
4HBICHET 5,



562

1)

2)

3)

4)

(x ®]

Heifets L, Lindholm-Levy P : Pyrazinamide
sterilizing activity in vitro against semi-
dormant Mycobacterium tuberculosis bacte-
rial populations. Am Rev Respir Dis. 1992 ;
145 : 1223—1225.

EEERRBERRE T A XEMEGER  BEERD
HEL ZOBH. EETHS, ®KE, 199%.
Konno K, Feldmann FM, McDermott W :
Pyrazinamide susceptibility and amidase
activity of tubercle bacilli. Am Rev Respir
Dis. 1967 ; 95 : 461 —469.

McClatchy JK, Tsang AY, Cernich MS: Use
of pyrazinamidase activity in Mpycobacte-
rium tuberculosis as a rapid method for de-

termination of pyrazinamide susceptibility.

5)

6)

7)

8)

O ETE £9F

Antimicrob Agents Chemother. 1981 ; 20 : 556—
557.

Trivedi SS, Desai SG : Pyrazinamidase activi-
ty of Mycobacterium tuberculosis—a test of
sensitivity to pyrazinamide. Tubercle. 1987 ;
68 :221—224.

Butler WR, Kilburn JO : Susceptibility of
Mycobacterium tuberculosis to pyrazinamide
and its relationship to pyrazinamide activity.
Antimicrob Agents Chemother. 1983 ; 24 : 600—
601.

Wayne LG : Simple pyrazinamidase and ure-
ase tests for routine identification of myco-
bacteria. Am Rev Respir Dis. 1974 ; 109 : 147—
151.

HARBAFRNBEEREERTEZRS - FidKHE
AR, BETFHS, ®H, 2000.

AR RESTBEREERNEZRS

ZBE MEBTRS
BIZEE @R
£ R HB HW
B ¥
b1 -
43 =

Sk
EZES
&F

g OREBERER
Ak HE RE
WE AH FE
HE  fHE X



