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Fig. 1 HIV-1 burden in the BAL fluid.
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A: There was a striking increase in viral RNA particles in BAL of TB involved segments
compared with uninvolved segments or no lung disease. The median viral particles in
involved segments was 10 fold higher than in uninvolved segments. B: Assay of P24 anti-
gen revealed similar results. Viral burden showed a significant increase in the involved

lung segments.

Table HIV-1 concentration in BAL and plasma (RNA
particles/m/)

Pt CD4 " Plasma HIV-1 BAL HIV-1
K 100 <10,000 577,000
L 84 25,500 68,300
M 100 <10,000 12,000
N 20 <10,000 10,200
X 330 <10,000 10,200

It was unlikely that HIV-1 particles in the BAL fluid repre-
sented exduation from plasma. As shown in this table, in all
five plasma HIV-1 burden performed at the same time as
BAL. The BAL level was greater than plasma. These data
suggested that increased HIV-1 in TB involved lung is due to
local production of the virus.
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DOWFETBALFDO YA VAERZERORI Y RT 0
JREEH O V3 SHIBO 7 I 7 BEFIZOWTHRSL L, O

viu— ¥, BIXUHMBAEHEDOERER» LD
BALH O 7 I 7 BEFIZIMEFOZNIZHRTEDY
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Fig.2 The sequences from three TB/HIV patients.

The sequence data were used to construct phylogenetic trees to investigate the relationship of HIV-1 obtained
from different sites. The open column, closed column, and characters indicate sequences in uninvolved BAL,
involved BAL, and plasma, respectively. Greater genetic heterogeniety was characteristic of virus from lung
segments involved with tuberculosis compared to uninvolved segments.

The horizontal axis is genetic distances. HIV/TB coinfected patients M, N, and X showed several clusters of
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clones from involved segments, which segregated from plasma and uninvolved lung sequence.

HoO7 I EEIERMNT I VBRICERT % L IFATEE
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YO WE) CHEEREZ, X OHEENEL 2D
ZEVHBLENTWA,

BERBEICES~ 707 7—2 0O HIVELERD
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(1) MBREOBEREICELE Y7077 -V D560
HIV-1#EA DAL

AR U7z &9 ICHUER N RS D RAEFRIC BV T HIV-1 %
EELTWAMgEEL LT 7 7=V THEHT L
PHERINTWE, T, FEHELWE, v rur7—-7
D invitro\Z BT B HIV-1 & AEBZE DO BEREGA T £V A
EICREFTREEZEE~x 07 7=V VTR L
725

a7y — VEGHMBKTS S THP-11C HIV-1 &
M. tuberculosis H37TRa % R 3 € 5 &, WELFNIC

T ANVZADEATLHEIEZ 59 (Fig. 3)e 2D &I,
HIV-1 D 71— % —&{&T LTR ® T i chloramphen-
icol acetyltransferase (CAT) reporter gene fi& €727 5
A I N % transfect L 72 THP- 1B ICB VT HHER I N
720

—7J, THP-1IZ=% 7 07 7 — Y 05 b & FHET 2 1EH
P S LT W B LA phorbol myristate acetate (PMA) %
wmL, fFEEo~rsa7 7 —JIl5 b3 RICEK
Yo X4 % &I RARAEIC HIV-1 BEA 2 55 2 &
Mbhoizde RICHIKHERY 707 7 — VICHEBEYE S
5L, PMARIE THP-1 & FIBRIC W BRI Y £ L
ABEAZ WM L7: (Fig. 4o Z o &g%, 4 H~
10 HDOMTEDY %<, k54K H37RV I, BCG, M.
smegmatis \Z 3B\ T D MR IZHIH] S 7258, H37RaD
FEW TIERIRAES <, BB OB D TdH % Lipoarabi-
nomannan CTl3 & KR A% H o 720 Hizk D HIV-1 LTR
CAT THP-1%Z PMA TR L T L S 2G5 T,
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Fig.3 HIV-1 production is augmented by TB co-infection in
immature macrophage cell line, THP-1 or U937. This stimula-
tion is mediated by a nuclear protein, NF- B, because the
point mutations of NF- « B binding sites abrogated this effect.
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Fig. 4 Immature macrophage cell line, THP-1 cells are
known to mature and adherent in the presence of phorbol my-
ristate acetate (PMA). In contrast to non-adherent THP-1
cells, PMA stimulated THP-1 cells showed a down regulation
of HIV-1 production by TB co-infection. LTR CAT activity is
also surpressed by TB infection in LTR transfected THP-1,
indicating that this down regulation occurs in the transcription
level.
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(2) C/EBPB (CCAAT/enhancer binding protein 8) &
AL & BB O BE 4R

HIV-1 LTR @ Negative regulatory element (NRE) 23#z’5.
PHICEE L TwaE 2 EAMBNTW A, HIV-1 LTRIZ
13 C/EBP B A GHROLAS 3 A D 575, TNENITERZ
Bl 2. 72 HIV-1 LTR luciferase construct & wild type @ con-
struct % transfect L 72 THP-1/i}d % Fi\v» T PMA & #5BW
12X % Rl 3 FE Bk % 1T o 72, Wild type @ THP-1 T I re-
porter DFEHLAHT 24 BEH R IHIBAT D 145512 7% 0, T D%
Pl SN TRIFMBRICE -7 DS50% & 7% o720 — T,
C/EBP 8 225 @ THP-1 TII B DT A355 v A3 48 ¢
MEOMHBR SN o729 2% ), PMATHILL
7ewrn7y—VOEERICE S HIVELENHICIE
C/EBP R AL LT A Z LATRB Sz,

(3) Hskiisk~2r w77 -2, 5MLL 7z THP-1 /g,
fifi~ 27 a7y —JIZ5B L T 516kDa® C/EBP B
isoform

C/EBP £ 13 C/EBP family IZB 3 285 KT THY, £
KDY AL P AL v OTOE—F — S LRIERKIS DT
WCEERBEZ R/ L CT\wb, Inhibitory 3 &£ U stimula-
tory form @ C/EBP B 13 H—® mRNA L W ESNTHD,
stimulatory form 1% 37Kd & 33Kd 7% 5 % - T \» %, ribo-
some translation % 3 # & % i 2 T H © AUG % & B4R
95T LIZ & o T stimulatory forms BMfEH L, TN IE
DNA binding domain, dimerization domain 35 & ¥ transcrip-
tional activating domain % % 2, 16Kd ® inhibitory form (&
ribosome ¥ 3 F H @ AUG X V) translation % B3 5 Z &
I2& > TdH 75 &N, DNA binding domain & dimeriza-
tion domain ® & % ¥ %, dominant negative transcription
factor & L TIEH 3 %59,

C/EBPRIZ~27u 7 7 —JICHEHLTEH, HIV-1
LTR O JTHE & M O 5 OVER 238 5 Z L H3H b T
WADS, ZOEBERTFHIREEORMT TED L) %)
X2 FOPWSMITT S 72012, YL C/EBP B IEE HW»
72 M4 B @ immunoblot % 1T o 72, ¥ Bk % M-CSF D
HATTHIET S L, 16kDa® C/EBP gisoform A% Bl
THH, WEETHET AL ZoRBTSISITHmEIN
% (Fig.5)o ¥ 7z, THP-1Mile Z PMATHI ¥ ¥ % &
16kDa @ C/EBP Bisoform 2SHIfEZIZHBL L TL 5 DI
R2HES 225755, ZORISHEEEOREZ S 5120
AL, BB 48K IZ 16kDa ® isoform 353 L T
%o THITH L CTHRAZR 72T ORIECTIX 16kDa O iso-
form EEB LTI v, REFOMB~ 07 7 -V
WHRHL T2 O & PMATHRIB L 72 THP-10
C/EBP B isoform pattern [ZFEHIZ & {BLTHY, 16kDa®
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Fig. 5 C/EBP j3 expression in THP-1 cells. A: PMA. C/EBP j3 expression was unchanged over 72 hr but at
12 days both 37 kDa and 16kDa isoforms were induced on immunoblots with polyclonal anti-C/EBP £ anti-
body. B: M. tuberculosis H37Ra. M. tuberculosis induced only a 37kDa C/EBP isoform over 72 hr.
C: PMA and M. tuberculosis H37Ra. The combination of PMA and H37Ra induced both 37 kDa and a

16kDa C/EBP g isoforms over 48 hr.

C/EBP Bisoform 353 L T\ %, WEE XA b 4% I ik
eifi 5> & O FE MR SR M I I B L T v B iso-
formd EL FRR Y -V ThH b, & T HD, B
Beliti 22 5 OHMAL TIE 3 X T D C/EBP B isoform DI A
FEFICFTEL 2 oTw5 (Fig. 6)o TDZ &I, HIVEY
B THIIFEH/ETOEMIEDL ol $72,
SO SN B 5 A i 2 1 0 & FEA RS MRS 503 C
HHERD L, FEEMIBICIZEALORENH 722
Erb, CEBPRIEMiE~ s uyy—VHRKELEEZ LN
pAS

DEDZ &R0, #IERERD BALMBIZIHER L
T \» % C/EBP g short form (16kDa) 4% HIV-LTR @ nega-
tive regulatory element (NRE) (Z#& L, HIV-1D#E %
T H2LE VI BEPEEINLD, TOZ L %EFEH
T 572012, HWEREFREROMBIrLEAL
L, NRESFEM % oligonucleotide 7' 12 — 7 % T
Electromobility shift assay (EMSA) %175 720 A% B
DML TIX, NREEHEHHOH L 2L HAKRDOTLKILFE
D HNr o2, FEIFREROMTIE, WoH2%R
BERDOHBART/NY FE2GED, TD/NY Fid C/EBP
BHFE 22 HUAR D ERINT super shift L72Z &4 5, NRE
EHEEERETEE L TS ERIIHESIC C/EBPRTH B
CEDFE S N MBRERTIX, vx7u 77 —YN
WAEESNHBERORBIC XY, HEWNTNE-«B
& I-kBOFFEEASEZ Y, NF-kBIETARLPIHENICE
47 LT HIV-LTR ® NF- ¢ B &I S L TIE %2
HETDH, TDOLELTRDLIZH 5 C/EBP S A H
fi£1Z 16kD @ C/EBP g short form 84 & L TV % & domi-
nant negative ([CEEEDSHIHI SN B, & 2T A, HEILD

TB TB Un

lAd Non ]

Normal | Un In ;

Fig. 6 C/EBP 3 expression in Bronchoalveolar Lavage
(BAL) Cells. BAL cells from a normal control revealed
marked spontaneous expression of 37 and 16kDa C/EBP 3

isoforms in a Western blot with anti-C/EBP 3 polyclonal anti-
body. BAL cells from a HIV-1negative patient with pulmo-
nary tuberculosis revealed both C/EBP fisoforms in the
radiographically uninvolved lobe (Un) but only slight expres-
sion of the 37kDa isoform and no expression of the 16kDa
isoform in the radiographically involved lobe (In). BAL cells
from an uninvolved lobe of a HIV-1 positive patient with pul-
monary tuberculosis demonstrated marked enrichment of
37kDa and 16kDa isoforms in adherent cells (Ad) compared
to non-adherent cells (Non).

C/EBP B 3T S DT I L DV WA W LIHELTED
(ZOBFIZOWTIEER), LAadSoT, WG F
BENLIRETH L, TDODICHIVEEDITLHEL T
WhEEZOLND,

(4) {HMEAL THIRRIC X % HIV BEE DR

IA XEHEBICBWTHIVE EAT Mgz F L
LC~x2u77—=YTHEIeBohoTnb, TNT
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Fig. 7 C/EBP j expression in macrophages with and without lymphocyte
contact A western blot probed with C/EBP 3 antibody demonstrates that
expression of the inhibitory 16kDa C/EBP f3 is markedly reduced two days
after addition of ConA stimulated allogenic lymphocytes (lane2) and
abolished 4 days after addition of allogenic lymphocytes (lane 3 ). Separation
of ConA activated lymphocytes from THP-1 macrophages by a 0.4 ym filter
prevents loss of inhibitory 16kDa C/EBP 3 (lanes 4-6) .

X, EH LT ED XS I 7uT7 7=V DT AV
AFELEZHEBRTLIOTHAHIN? HHLAEZXIIT,
HIVEYe~ 7 0 7 7 — IW7 4 VAEAIZED D 7201
&, Pl O#RE N T % C/EBP g short form %' down
regulate S5 Z L WLETH 5,

Hoshino & 1%, HIVEFEZE O~ s 07 v —T %
allogeneic lymphocyte & R &35 #3452 & T, 7 1
T =InOOHIVEENHEKRTZZ LRI,
allo THIfL &~ 27 17 7 — YV ORAERET THIMOEE
BRI TIEPHMONTVE,IDEE, Y707 7 —
¥ @ C/EBP B D ¥ % immunoblotting T4 % &, C/EBP
B short form DFIJLIRE 2 4 H HIIZITITRAEITHERL
720 OEIWZ, vzu7 7 —YRMEKTH S THP-1 &
ConA (THIE~ A b—Y =) TIHMHIL L7z THIfL %R
AREST D L, [ERIC C/EBP B short form O A%
D, ZTHIE, 04370 DXy Y2 TIHEWAL THIK &
<7077 —=VNREHEEML VLT ERILE
WZ & A5, C/EBP g short form D J 12 i iEPEAL TH
fak~zrua7 7 —VOBMPLETHL I LIRINT:
(Fig. 7)o WEMALTHIRE ~2 07 7 —VOMAEB L
~rsua7 7 —YoREE, v 27u7 7 =Y EODco-
stimulatory molecule C 3 % CD40, VCAM, B7-1/2 & T#
i o> # 21 CD40 ligand, VLA-4, CD28 D569 5 &
b b, T, CD40, VCAM, B7-1/2 Ik 5 HifE
EREigE~ s a7 7= VIZHEML, KD Fe % protein
A/G beads THA%$ 5 &, C/EBP g short form O {H 2 A5t
ZHIENbIol, ETAN, HIVOEAIZIE, Ih
% @ costimulatory molecule D 225 7217 TIEA 0 TH
%, Fig. 81Z/”RF X 91T, costimulatory molecule & KAk

THIRDSHEET B ) 75 A4 YHEBICE~ s o
77— VIHERT A2 & T, HIV-LTR DAL A &
5o

PV EDZ & #2BRXKTRTE Fig. 90X HITh b, #
FWESC L o T THIROEHE LR 5 &, THildL
IZ CD40 ligand, VLA-4, CD28 2353 L, #hZh, <7
o7 7—Y LE®CD40, VCAM, B7-12 L#ERTAZ L
2k, =7u7 7 —IDOKITH 5 C/EBP g short form
DRI Z 5o F 72, WGHAL THIRLIZTEEOY ¥ 7 %
HAVEREEL, FNP, BELR70T77—TD
NF-x BOFEHNBITEZRET L2DTH A 9. BHNITEAT
L7 NF-«xBIZHIVDO 7O E—% —"T& 5 HIV-LTR®
AT A MCHAL, 7094V A0RE2RHET S D
DEEZLND,

(5) HIV-1iZ X % CD4* THIFLD Apoptosis #5

MR LD, THIRRASEMAL L, HIV 2SR
LTwabwrur7y—YeEMTLIEIZLoT, VA1
VAT T E—F —OEMHEALAE Z O HIV EAE DR 5R A
EREINDL EWIBFIZT TRz, UL, EAES
N7z HIVIZ & o T CD4* THIRB 2SHIRRSE % 2 & 4 FE 12
DWTIE, BEIFHINTVWE DT TRV,

b M H ML DB F & LT HIVORKE H AN E
HMREECH L WIEZTH L, THIl O v
HIV (X4) 12XV, CD4" TS MisE 2 2§ & v
S HEDH BV T A IVAEETH S Tat, gpl20 % K 28
CD4TTHIMBIZIN Z % &, i FasHUARIC & 2 Ml FE A3 &
mENDL, FOM, YA IVAEATH S nef, vprk £d
HNAFEICBE- L Twd & v ) IEND 59

LALARAS, invivellBWTiE, THilsaoYy >
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Fig. 8 HIV-1 LTR promoter and NF- ¢ B activity in THP-1
macrophages. The addition of lymphocytes activated by
ConA produces 12.5 = 1.6 fold increase in HIV-1 LTR CAT
production. When the activated lymphocytes were separated
from macrophages with a 0.4 x2m pore size insert LTR activity
increased only 5.1 £ 1.5 fold (p<<0.01 student t test, mean of
three experiments). Similarly, LTR activity increased 3.3 =&
1.1 fold when antibodies to CD-40, VCAM and B7 were add-
ed in the presence of protein A/G beads (p<<0.01 compared to
ConA stimulated lymphocytes). LTR activity increased 14.6 &=
0.7 fold when activated lymphocytes were added to the upper
chamber of an insert well and stimulatory antibodies with
protein A/G beads were added to in the lower chamber.

HIVOA%SY, vz7ua77—Y ba ¥y 7 HIV (R5)
b CD4A" THIIEOMNBIEZFET L LEZOSNTVED
12, BALIC YA VAZDD DR EDOHEH =K CD4T T
MR VEH 28 C b FH R MMLITHE T 5 vy, Wang
i, HIVESE T TGE- B 1 DA ITTET 5 2 LI
HL, ZOHFET TR5SHIVIZ X % CD4™ THINE O
FEH R L 72 TGF- B 11, 1) ¥ 73K D coreceptor (CXC4,
CCR5) DFB AWM S, R5L X4 HIVD Y ¥ I7SER~
DG & HIRET 543, FEIC CD4* THIlE oMl
FEAEFEL 720, DF Y, RS HIVIX TGF-81 & O HAF
TTCo4T TRl DOMNEIE %2 FE L, X4 HIVIE TGF- 8
1 DIFIET THMBIEZ EL T %,

o E

HIV SRS L ~v a7 7 =V, BEBRICE S
RIEWCE D, YA NVREAZRBT 2, DEok
I NIHHE BN TdH Do H 2 THiMEILT % L Fig. 10
DI D, EMHEBERIZLY, —&k, TRBESSE
&L CHUESR RN 2 THIRL OB LASEZ ), 20 TH
Mo HIViERER~ 7 a7 7 = U0 8M L, »oibtk
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Activated
Lymphocyte

CD154(CD40 Ligand) —
CD496 (VLA-4) —
CD28 ~ =

CD80 and CD86 _ _
(B7-1 and B7-2)
CD106 (VCAM)

Decreased {pcr(alaied
inhibitory stmulatory

C/EBP F- «B
HIV-1 T

Fig. 9 A model of lymphocyte/macrophage interaction dur-
ing the cellular immune response leading to increased HIV-1
replication. Contact leads to loss of inhibitory C/EBP 3, de-
repressing the 5° HIV-1 LTR while soluble factors activate
NF- B, enhancing HIV-1 replication.

A2

a7y —=3
REHEEDET

THRL T AL

CD4+THINE 2 V7
7H b - A Kiid

< ra 77— JEML
NF- «B BN #AT

/

<~ru77—YH
C/EBP 8 16kDa {44

HIV i A B 5

Fig. 10 Mechanism for HIV production in HIV-tuberculosis
coinfected hosts and progression of AIDS. Contact between
activated lymphocytes and macrophages is necessary to down-
regulate inhibitory C/EBP f8, thereby derepressing the HIV-1
LTR. Lymphocyte derived soluble factor (s) activate NF- B,
further enhancing the HIV-1 LTR.

1L THINEAS ST B 74 H 4 v ORBIZE Y <20
7 7=V OEREAER SN JIREE LTHE RV L,
BARESORICE2~r07 7 —VDEHALLZZ S
No, AL THIREEML 2207 77—V HNTRE,
NF- kB D¥HBAT & C/EBP g DA 5D LRI,
707 4 VA LD LTRIZNF-kBPFEETH T LICL o
T, VANVAOBENEET 5, EAEINZHIVIX
CDATTHIBD T R —Y A ZFHEL, HRLAICEISSE
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5. CDA*THIILOBRAICE Y, ~27a77—VI2% 5%
BW, WHEERRIEREE SR, @) vk
BAi s TR b, &L THA S N WI3H 72 2B
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L, ATPZ AT 575, HIV-FEEY A 2 Vid CD4 %2
BL, HIVEMBRHEZEET LIRS, 2OV A 7
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MOLECULAR PATHOGENESIS IN TUBERCULOSIS COMPLICATED WITH AIDS
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Abstract HIV-1 infection is a major cause of worldwide
epidemic of tuberculosis. There is increasing clinical evidence
that coinfection with M. tuberculosis accelerates progression
of AIDS. We found that, in vivo, HIV-1 load and mutation in-
crease in involved lung segments in patients with pulmonary
tuberculosis. We also reported that Mycobacterium tuberculo-
sis stimulates HIV-1 replication by enhancing transcription on
the 5" LTR in a macrophage cell line, THP-1, in vitro. In con-
trast, HIV-1 replication is suppressed by M. tuberculosis in-
fection of monocytes derived macrophages (MDM) or differ-
entiated monocytic THP-1 cells. We observed that HIV-1 5’
LTR function was repressed in PMA differentiated THP-1
cells after co-infection with M. ruberculosis. Point mutations
in C/EBP $3 binding domains of the HIV-1 LTR negative regu-
latory element (NRE) abolished promoter repression. Mono-
cyte-derived macrophages and differentiated THP-I cells in-
creased expression of the 16kDa inhibitory form of C/EBP
after M. tuberculosis co-infection. Bronchoalveolar lavage
cells obtained from normal controls and alveolar macrophages
from uninflamed lung of tuberculosis patients also expressed
the 16 kDa inhibitory form of C/EBP. However, alveolar mac-
rophages from lung segments involved with pulmonary tuber-
culosis had markedly reduced C/EBP expression. These data
suggest that 16kDa isoform of C/EBP plays an important role
for the control of HIV-1 replication in macrophages. We pro-
pose derepression of HIV-1 LTR mediated transcription as
one mechanism for enhanced HIV-1 replication observed in
pulmonary tuberculosis. Since the cellular immune response
in pulmonary tuberculosis requires lymphocyte/macrophage
interaction, a model system was developed in which lympho-
cytes were added to AM. Contact between lymphocytes and
AM reduced inhibitory C/EBP 3, activated NF- B and en-

hanced HIV-1 replication. If contact between lymphocytes
and macrophages was prevented, inhibitory C/EBP 3 expres-
sion was maintained and the HIV-1 long terminal repeat (LTR)
was not maximally stimulated although NF- B was activat-
ed. Antibodies which cross-linked macrophage expressed
B-7, VCAM and CD-40 were used mimic lymphocyte con-
tact. Cross-linking antibodies abolished inhibitory C/EBP
expression; however, the HIV-1 LTR was not maximally
stimulated and NF- xB was not activated. Maximal HIV-1
LTR stimulation required both lymphocyte derived soluble
factors and cross-linking of macrophage expressed co-stimu-
latory molecules. These results demonstrate that neither con-
tact nor soluble factor(s) are sufficient to maximally enhance
HIV-1 LTR activity in macrophages. Contact between acti-
vated lymphocytes and macrophages is necessary to down-
regulate inhibitory C/EBP £, thereby derepressing the HIV-1
LTR. Lymphocyte derived soluble factor(s) activate NF- B,
further enhancing the HIV-1 LTR.
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