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ackground 

D
endritic cells (D

C
s) orchestrate im

m
une responses to viral pathogens and have been used in 

vaccine strategies against cancer, infections, and autoim
m

une diseases. To further develop this 
approach w

e have established lentiviral vectors that package the lentiviral accessory protein 
V

px. V
px increases D

C
 transduction by tw

o-logs allow
ing for long-term

 antigen expression, a 
significant im

provem
ent over peptide-pulsing. To test this approach, w

e generated vectors that 
express the lym

phocytic choriom
eningitis virus (LC

M
V

) G
P

33 epitope or the m
ajor H

LA
-A

2-
restricted H

IV
 G

ag epitope S
L9. The vectors co-express C

D
40L, increasing their ability to 

stim
ulate antigen-specific T cells. C

ytokines released by transduced D
C

s reactivated latent 
H

IV-1 provirus in latency m
odels, supporting their use as a tw

o-pronged approach for activating 
and targeting the latent reservoir in H

IV
+ patients. (N

orton, et al., 2015).  W
e have now

 tested 
the lentiviral D

C
 vaccine strategy in H

IV-infected hum
anized m

ouse and LC
M

V
 m

ouse m
odels. 

 M
ethods 

B
one m

arrow
, liver, thym

us (B
LT)-hum

anized m
ice expressing transduced S

L9-specific T cell 
receptor (TC

R
) C

D
8 T cells w

ere injected w
ith C

D
40L-S

L9 expressing vector-transduced D
C

s 
and then challenged w

ith H
IV-1. E

xpansion of S
L9 TC

R
+ C

D
8 T cells w

as quantified by flow
 

cytom
etry and peripheral viral loads m

easured by R
T-P

C
R

. 
 W

ild-type m
ice w

ere sim
ilarly 

injected w
ith C

D
40L-G

P
33 LV-transduced bone m

arrow
-derived from

 S
A

M
H

D
1

-/- m
ice and then 

challenged w
ith LC

M
V. G

P
33 TC

R
+ C

D
8 T cells w

ere quantified by flow
 cytom

etry and viral 
loads w

ere determ
ined by plaque assay. S

urvival w
as also m

onitored follow
ing a lethal 

challenge w
ith LC

M
V. 

 R
esults 

In m
ice injected w

ith transduced D
C

s, the num
ber of S

L9 TC
R

+ and G
P

33 TC
R

+ C
D

8 T cells 
expanded 

30-fold 
and 

10-fold, 
respectively. 

B
LT-m

ice 
injected 

w
ith 

S
L9 

expressing 
LV-

transduced D
C

s and then infected w
ith H

IV-1 dram
atically suppressed virus loads 2-6 w

eeks 
post-infection. M

ice injected w
ith G

P
33 expressing LV-transduced D

C
s w

ere protected against 
LC

M
V

 challenge.  N
o infectious virus w

as detected in 4/5 im
m

unized m
ice and the survival rate 

w
as close to 100%

, w
hile in m

ice injected w
ith C

ontrol LV-transduced D
C

s, virus loads reached 
> 2 X

 10
6 P

FU
/m

L and resulted in death. 
 C

onclusions 
This lentiviral D

C
 vaccine approach induces antigen-specific C

TLs that protect against LC
M

V
 

and H
IV

 infection.  This is a prom
ising approach to restore C

TLs and reduce the latent reservoir 
in chronically infected individuals. 
 

Sum
m

ary 
• V

px-containing lentiviral vector-transduced D
C

s reverse H
IV

 latency in cell culture m
odel 

system
s. 

 • V
px-containing lentiviral vector-transduced D

C
s induce T cell responses to H

IV
 epitopes in 

hum
an cells.   

• Lentiviral D
C

 vaccination protects B
LT-hum

anized m
ice against H

IV-1 infection. 

• Lentiviral D
C

 vaccination protects m
ice against LC

M
V

 infection.   

• In H
IV-infected patients, this approach m

ay enhance H
IV-specific C

TL responses against the 
virus w

hile reversing latency. 
 This w

ould reduce the latent reservoir and suppress viral 
rebound upon discontinuation of antiretroviral drugs. 
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Figure 2. D
C

s from
 the three donors w

ere transduced w
ith C

ontrol LV
 or C

D
40L vectors. A

. 72 h post-transduction, supernatant IL-12 and TN
F-α levels w

ere 
quantified by cytokine bead array (C

B
A

). B
. 24 h post-transduction, transduced D

C
s w

ere cocultured w
ith latently infected A

C
H

-2 cells and after tw
o days, 

infectious virus in the culture supernatant w
as quantified w

ith a TZM
-bl reporter assay. C

. D
C

s w
ere transduced w

ith vectors expressing C
D

40L alone or fused to 
antigenic epitopes, including an irrelevant H

LA
-A

2 epitope from
 influenza M

1 (C
D

40L-M
1) and an H

LA
-A

2 epitope from
 H

IV-1 G
ag S

L9 (C
D

40L-S
L9). 72 h post 

transduction, the D
C

s w
ere cultured w

ith a S
L9-specific C

TL clone and supernatant IFN
γ w

as quantified by C
B

A
.  D

C
s pulsed w

ith S
L9 peptide served as a control. 

Figure 1. A
. Lentiviral vectors expressing G

FP (C
ontrol LV

) or C
D

40L w
ere produced as V

S
V-G

 pseudotypes containing or lacking S
IV

m
ac V

px.  B
. H

um
an 

m
onocyte derived dendritic cells (M

D
D

C
s) w

ere transduced at M
O

I = 2 w
ith the indicated lentiviral vector that contained (bottom

) or lacked (top) V
px. 72 h post-

transduction the num
ber of G

FP
+ and C

D
40L+ cells w

as quantified by flow
 cytom

etry.   
 Figure 1: Lentiviral vector virions that contain SIVm

ac Vpx infect D
C

s w
ith high efficiency. 
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Schem
atic. D

C
 transduction w

ith V
px-lentiviral vector expressing C

D
40L and H

IV
 epitopes targets D

C
s to (i) induce secretion N

F-κB
 cytokines that 

activate provirus from
 latently infected cells and (ii) efficiently present H

IV
 antigens to expand H

IV-specific C
TLs that, in the setting of enhanced D

C
 

activation and secretion of Th1 skew
ing cytokines (IL-12), facilitate an H

IV
 specific Th

1  response to reduce the latent reservoir and control viral loads. 
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Figure 5: Lentiviral D
C

 vaccine against LC
M

V stim
ulates a strong C

D
8 T cell response in 

vivo and protects against high titer viral challenge. 

Figure 5. A
. B

M
D

C
s from

 5 W
T or S

A
M

H
D

1 K
O

 m
ice w

ere transduced w
ith a G

FP
-expressing lentiviral vector. 72 h post transduction G

FP
+ cells w

ere quantified 
by flow

 cytom
etry. B

. Vectors express G
FP (C

ontrol LV
), m

urine C
D

40L (m
C

D
40L), or a m

C
D

40L-G
P

33 fusion protein in w
hich G

P
33 corresponds to a m

ajor 
epitope from

 the LC
M

V
 glycoprotein.  C

. B
M

D
C

s prepared from
 S

A
M

D
H

1 K
O

 m
ice w

ere transduced w
ith the panel of lentiviral vectors and injected into syngeneic 

m
ice to determ

ine w
hether D

C
 vaccination protected against subsequent high titer LC

M
V

 challenge.  D
. Im

m
unized m

ice challenged w
ith LC

M
V

 via intraperitoneal 
injection w

ere sacrificed and the num
ber of splenic G

P
33 Tetram

er+ C
D

8 T cells w
as quantified by flow

 cytom
etry (left). S

plenic LC
M

V
 viral loads w

ere quantified 
by LC

M
V

 plaque assay (right).  E
.  Im

m
unized m

ice challenged w
ith a lethal dose of LC

M
V

 via intracranial injection w
ere m

onitored for survival.  
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Figure 2: D
C

s transduced w
ith Vpx-vectors expressing C

D
40L and H

IV antigen secrete pro-
inflam

m
atory cytokines, reactivate latent H

IV, and stim
ulate H

IV-specific C
TLs. 

C
!

Figure 3: Lentiviral vector transduced D
C

s raise H
IV-specific central and effector m

em
ory 

C
D

8 T cells in hum
anized m

ice. 
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Figure 3. A
. H

um
anized B

LT m
ice w

ere constructed w
ith S

L9 TC
R

 vector-transduced C
D

34+ stem
 cells. U

nm
odified autologous C

D
34+ stem

 cells w
ere used to 

generate D
C

s that w
ere transduced w

ith C
ontrol LV

 or C
D

40L vectors and injected into the S
L9 TC

R
 B

LT m
ice. B

. M
ice w

ere bled at baseline and 1 w
eek post-

injection and the num
ber of S

L9 TC
R

+ C
D

8 T cells w
as quantified by flow

 cytom
etry. R

epresentative blots one w
eek post-injection (left) and sum

m
ary fold changes 

from
 baseline (right) are show

n. C
. O

ne w
eek post D

C
 injection, naïve (C

D
45+/C

D
62+), effector m

em
ory (E

M
; C

D
45-/C

D
62-), and central m

em
ory (C

M
; C

D
45-/

C
D

62+) S
L9 TC

R
- and S

L9 TC
R

+ C
D

8 T cell populations w
ere identified by flow

 cytom
etry. R

epresentative blots from
 a C

D
40L-S

L9 vaccinated m
ouse (left) and the 

aggregate com
bined E

M
 and C

M
 T cell percentages (right) are show

n.  
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Figure 4: D
C

 vaccine protects against H
IV-1 challenge in hum

anized m
ice. 
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Figure 4. S
L9 TC

R
 B

LT m
ice w

ere injected w
ith lentiviral vector transduced D

C
s and challenged 3 w

eeks later w
ith H

IV-1 N
L43 S

L9. A
. M

ice w
ere bled at 

baseline, 1 and 3 w
eeks post D

C
 vaccination, and 2 w

eeks post-H
IV-1 challenge and the num

ber of S
L9 TC

R
+ C

D
8 T cells w

as quantified by flow
 cytom

etry.  B
. 

P
eripheral H

IV-1 viral loads w
ere quantified by R

T-P
C

R
 for up to 10 w

eeks post H
IV-1 challenge. 

lentiviral vaccine 


