PeTpoBUpYyCHI 1 PETPOBUPYCHBIE
BEKTOPBI

MI'Y

B.C. lIpaconos

JlabopaTopus
6unonormn KneTkum

NHCTUTYT MonekynsapHon éuonormm nm. B.A. DHreneraparta PAH



OTKpBITUE BUPYCOB

1892 ron

JI..IBaHOBCKMI — MH(PEKIIMOHHBIN (PUIBTPYIOIIUICS areHT,
BBI3BIBAIOIINI TA0AUHYHO MO3AHUKY.

1898 ron

M.Beijerinck - “contagium vivum fluidum™.
Loeffler & Frosch — foot-and- mouth disease
1908 ron

Ellerman & Bang — ALV

1911 ron

P.Rous - RSV



PeTpoBupYycChl

Retroviridae
From reverse transcription, characteristic of these viruses

VIRION
Spherical enveloped particle.
Diameter 100 nm.
Envelope assembled at plasma membrane.
Icosahedral or conical capsid.
Contains reverse transcriptase.

GENOME
Linear ss RNA, positive sense.
Two identical molecules, 7-10 Kb, packaged in virions.
§' cap, 3' poly(A) tail.

GENES AND PROTEINS
mRNAs transcribed from integrated provirus DNA by RNA polymerase II.
Three major genes, each translated as a polyprotein and cleaved into mature proteins:

* gag: nucleocapsid proteins

® pol: reverse transcriptase, protease, and integrase

® env: envelope proteins

Gag and Pol proteins made on unspliced mRNA.
Env proteins made on singly spliced mRNA.
Lentiviruses and human T-cell leukemia viruses have additional regulatory genes expressed on multiply spliced mRNZ

VIRUSES AND HOSTS
Seven genera are recognized: Alpha- to Epsilonretrovirus, Lentivirus, Spumavirus.
Simple retroviruses: Rous sarcoma virus (chickens), mouse mammary tumor virus (mice), Jaagsietke sheep retrovirus.
Lentiviruses: human, feline, bovine, and simian immunodeficiency viruses
Spumaviruses: simian foamy virus.

DISEASES
Humans: AIDS, leukemia.
A variety of cancers in monkeys, mice, cats, sheep, birds, etc.

DISTINCTIVE CHARACTERISTICS
Two identical copies of genome per virion.
Genome RNA converted to DNA by reverse transcription.
A cellular tRNA used as primer to initiate reverse transcription.



Knaccnpumnkaumsa peTpoBUpyCcoB

Retrovirus genera

Genus Examples of virus Host

Alpharetrovirus Rous sarcoma virus Chickens

Betaretrovirus Mouse mammary tumor virus Mice
Gammaretrovirus Murine leukemia virus Mice
Deltaretrovirus Human T cell leukemia virus type 1 Humans
Epsilonretrovirus Walleye dermal sarcoma virus Fish

Lentivirus Human immunodeficiency virus type 1 Humans
Simian immunodeficiency virus Monkeys
Feline immunodeficiency virus Cats
Spumavirus Simian foamy virus




morphology of a retrovirus (HIV1, a lentivirus)
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CxeMa CTpoeHua peTpoBupycHoro empuoHa (MulLV)

Transmembrane protein (TM)

Surface protein (SU)
Matrix protein (MA)

Capsid protein (CA)

Nucleocapsid protein (NC)

Genomic RNA
(2 copies)

Reverse transcriptase (RT)

Protease (PR)




Gene
Common to All Retroviruses

gag
pro
pol

env

Accessory Genes
HTLV/BLYV (e.g., HTLV-1)

tax
rex

Lentiviruses (for primate lenti, e.g., HIV-1)

tat
rev
vif
vpr and/or vpx

nef
vpu

dut

Type B (¢.g., MMTV)
sag
dut
Type D (e.g., M-PMV)
dut
Spumaviruses (e.g., HSRV)
bell

bel2
bet

Piscine retroviruses (e.g., WDSV)

orf A
orf B
orf C

[[@Hbl MPOCTbIX U CNOXHbIX PETPOBUPYCOB

Properties/function of protein

precursor to internal structural proteins
PR enzyme

precursor to RT and IN enzymes
precursor to envelope glycoproteins

transcription activator
splicing/RNA transport regulator

activates transcription

regulates splicing/RNA transport

affects infectivity of viral particles

is present in virion; has nuclear localization signal; facilitates infectivity
in quiescent cells; triggers CD4 endocytosis, alters signal transduction
in T cells; enhances virion infectivity

integral membrane protein; triggers CD4 degradation; enhances virion
release

dUTPase (only in nonprimate lentiviruses); facilitates replication in
certain cell types

superantigen
dUTPase (NC-DU fusion)

DU enzyme (NC-DU fusion)

activates transcription
2
Z




BennunHa reHoMoB pas3fnUHbIX PETPOBUPYCOB

Approximate Size of Genome and LTR Elements in Prototype Retroviruses

Genus

ASLV

Mammalian C-type
Lenti

Type D

Type B
HTLV/BLV

Fish

Spuma

Fly

Prototype Genome
virus (RNA)

RSV 9.300
ALV 7.300

MLV 8,300
HIV-1 9,200
M-PMV 7,900
MMTV 8,600
HTLV-1 8,500
WDSV 12,300
HFV 11,200

7,000

u3

910
190

us

80
80

80
80
100

160
240

tRNA
primer Notes

Trp includes v-src gene
Trp

Pro, Glu

Lys-1,23

Lys-1,2

Lys-3 U3 contains sag gene
Pro

His

Lys-1,2

=

The number of nucleotides is presented to the nearest hundred for the genomic RNA and to the nearest ten for the LTR elements.




CTtpykTypa reHoMHon PHK npocTtoro petpoBupyca

5'SS 3'SS
Cap RLUS PBS ¥ W v (USR5 ai
N, L t——

Gag 4—m—m«— —— Env
9 Pol

Structure of retrovirus RNA. Beginning at the left end,
features are: methylated cap; repeat region (R); untranslated 5’ sequence
(U5); primer binding sequence (PBS); 5' splice site (5 ss); psi () packaging
sequence; gag, pol, and env reading frames for viral structural genes; 3’
splice site (3 ss); polypurine tract (ppt) used during reverse transcription;
untranslated 3’ sequence (U3); repeat region (R), poly(A) tail.




[eHOMHas opraHmM3auus pasIMdHbIX PETPOBUPYCOB

10 kb

Genetic organization of prototypic retroviruses. (Left) Nondefective viruses. Prototype examples from the several
genera of retroviruses are shown. An open rectangle indicates the open reading frame for the gene marked. If the rectangles
are offset vertically, their reading frames are different. Horizontal lines connecting two rectangles indicate that this segment is
spliced out. (ALV) Avian leukemia virus; (MLV) murine leukemia virus; (HIV) human immunodeficiency virus type 1; (M-PMV)
Mason-Pfizer monkey virus; (MMTV) mouse mammary tumor virus; (HTLV) human T-cell leukemia virus; (WDSV) walleye
dermal sarcoma virus; (HFV) human foamy virus. (Modified from Coffin 1996.) (Right) Viruses carrying oncogenes. Several ex-
amples are shown, with the oncogene shaded in color. (RSV) Rous sarcoma virus (src oncogene); (MC29) avian myelocyto-
matosis virus (myc oncogene); (Ha-MSV) Harvey murine sarcoma virus (ras oncogene); (Mo-MSV) Moloney murine sarcoma
virus (mos oncogene); (Ab-MLV) Abelson murine leukemia virus (abl oncogene); (SSV) simian sarcoma virus (sis oncogene).




CMeHa paMKWU CUYUTbIBAHUA, peannsyemas npwu
TpaHcnaunm PHK

Ribosome
frameshifting. A base-paired RNA
C stem induces stalling upstream by
tRNA tRNA the translating ribosome (orange
Phe Leu ellipse) at the heptamer sequence.

While stalled, the ribosome can shift
from reading frame 1 to frame 0.

UUUUUG 'l‘ransl;ﬂion in tiramc 0 d(.)cs 1‘10t
BERER ~ recognize the UAA termination
CAUAG-CCA..3"  (5don (bold letters).

o

tRNA tRNA
Phe Leu

|
aOOcCo

L

UUUUUG
RERAN

A.AAA AAC.UOQC.AUA

.
olololeole

OQOO?QO>OO

Frame 1 Frame 0




O6pa3oBaHue aAByx opM petposupycHon PHK

Enhancer Accessory
Promoter genes

" Poly(A)

U R US

Messenger
RNA for Gag

and Gag-Pol

pol

Leader
Region

Messenger

RNA for Env

Genetic organization of generalized provirus. The proviral DNA as it is inserted into host
DNA is shown at the top, with the long terminal repeats (LTRs) composed of U3, R, and U5 elements
at each end abutting cellular sequences. Sequences in the LTR that are important for transcription,
for example, enhancers, the promoter, and the poly(A) addition signal, are marked. The gag, pro,
pol, and env sequences are located invariably in the positions shown in all retroviruses. Accessory
genes are located as shown, and also overlapping env and U3 and each other, and occasionally in
other locations. The RNA that is the primary transcriptional product is shown on the second line. Se-
quences that are important for replication and gene expression are shown in the approximate loca-
tions in which they are typically found. (PBS) Primer-binding site; (y) encapsidation sequence; (SD)
splice donor site; (FS) frameshift site; (SA) splice acceptor site; (PPT) polypurine tract; (PA) poly-
adenylation signal; (AAA) poly(A) tail. The spliced messenger RNA for the Env protein is shown on
the third line. Retroviruses with accessory genes have other spliced mRNAs and thus other splice
donor and splice acceptor sites as well.




[[eHOMHaga opraHm3aumna PHK TpaHCc@opMUpyrowmnx
BUPYCOB

Genomes of acute
transforming retroviruses. Oncoge:
indicated in color. Rous sarcoma viru
replication-competent because it cont
structural genes; however, most transdu
retroviruses have deletions of structural genes

and often express their oncogenes as fusion

proteins.




SINGLE-CELL REPRODUCTIVE CYCLE OF MuLV

RT (.)strand DNA \

Cytoplasm




OpraHunsaunsa 6enkoB 060/104KN pa3INYHbIX
DETPOBUPYCOB

Yy
SU (gp85) ™ (gp37)
Y

SU (gp70) TM (p15E/12E) l

Y 0
SU (gp120) ™ (gpéd1)
L)
MPMV SU (gp70) ™ (gp2 I
SU (gp52) T™ (gp36)
HTLV-1 SU (gp46) ™ (gp21)

SU (gp80) T™ (gp48)

()

Organization of Env proteins. Schematic representations of Env proteins are drawn
for examples from each retroviral genus. The sequences representing the mature proteins SU
and TM are indicated, along with the alternative older naming of these proteins based on their
approximate molecular weights. Vertical lines, separating the leader peptide (L) and SU and
separating SU and TM, mark cleavage sites for cellular proteases. Vertical lines mark cleavage
sites for the viral protease near the carboxyl terminus of TM in MLV and M-PMV. The
hydrophobic fusion domain of TM is shown in color and the membrane anchor is shown in
gray. The Ys indicate sites of predicted N-linked carbohydrate addition.




The process of

RNA-genome of an infectious retrovirus

Splice-
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(SA)

o' p—— .
"}“&% PP U3 R 3°

TRNA

Splicedonor
(SD)




The process of

ub

AAAA

gag ‘ pol

I |
PP U3 R 3°

!

exchange (inter- or intramolecular)



The process of

E

strand displacement synthesis



The process of




The process of

second template exchange (intramolecular)

] “3 r ub pbs

AN NANIOANNANA

ud r s



The process of

~
U3 r ub pbs pp U3 r
VA VA VA VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVYAYAVYA VYAV



CxeMa o6bpaTHOM TpaHCKpUNLUnn

ppt U3 R

Synthesis of minus-strand
strong-stop DNA

Env
@ l RNAse H digestion

Pol Env ppt U3 R

@ l First strand transfer

Pol Env ppt U3 R

—
R’ U5’
@ Synthesis of full-length

genome copy

ppt U3 R
U3’ R’ Us’

@ l RNAse H digestion

@ Synthesis of plus-strand
strong-stop DNA

ppt

U3’ R’ Us’
@ l RNAse H digestion

U3 R U5 PBS
U3’ R’ Us’
Second strand transfer

U3 R U5 PBS
PBS’ U3’ R’ U5’
@ Extension of both
DNA strands
U3 R U5

U3’ R’ Us'
e il
LTR




Genomic organization of murine retroviruses
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Cxema unHterpauunm AHK npoBupyca B reHOM KJIETKU XO034MHa

v Gap Repair




CxeMa MHTerpauum npoBupyca B reHOMHYIHO
NHK KneTkn-xo3sgaunHa

Integration of proviral DNA into
host cell DNA. Viral integrase cleaves 2
nucleotides from the 3’ ends of the viral DNA,
then joins these 3’ ends to host DNA in a
Proviral DNA concerted cleavage-ligation reaction at sites 46 nt
apart on the host DNA (dashed arrows). Host cell
enzymes repair the resulting gapped structure.
Proviral DNA is orange, host DNA is black.

(UsRUS f’?‘,AHA AATS[ usRUs
" I
£ 1
O

1 Integrase

—G.OH 3 CAGGCCC
CCCGGAC u’mu; Ju HU% HOG

Host repair
enzymes

———GGGCCTG[ na T EAGECCC ————e
———cccaeac 2 Ul'ji; USRS | Greceae——

Cell DNA Proviral DNA Cell DNA




O6pa3oBaHne Mmonekyn PHK npocToro petpoBupyca

Proviral DNA

Capping

l Transcription
Cleavage & polyadenylation

’ Poly (A)

Spliced RNA

Production of retrovirus RNAs. Transcription initiates at
junction of U3 and R, and RNA is cleaved and polyadenylated at junction of R
and US. Full-length RNA serves as mRNA for Gag and Gag/Pol and is packaged
in virions. A fraction of genome-length RNA is spliced, removing the Gag/Pol
reading frames, and serves as mRNA for Env.




Transcriptional control of MoMLV

integrated provirus
(Moloney Murine Leukemia Virus, MoMLV)

gag | pol mE env EUSTRUSOWAW

A Uz RRIUS

U3
<1 >

T 0




of simple retroviruses
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of simple retroviruses
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of retroviruses
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CMeHa paMKWU CUYUTbIBAHUA, peannsyemas npwu
TpaHcnaunm PHK

Ribosome
frameshifting. A base-paired RNA
C stem induces stalling upstream by
tRNA tRNA the translating ribosome (orange
Phe Leu ellipse) at the heptamer sequence.

While stalled, the ribosome can shift
from reading frame 1 to frame 0.

UUUUUG 'l‘ransl;ﬂion in tiramc 0 d(.)cs 1‘10t
BERER ~ recognize the UAA termination
CAUAG-CCA..3"  (5don (bold letters).

o

tRNA tRNA
Phe Leu

|
aOOcCo

L

UUUUUG
RERAN

A.AAA AAC.UOQC.AUA

.
olololeole

OQOO?QO>OO

Frame 1 Frame 0




[[eHOMHaga opraHm3aumna PHK TpaHCc@opMUpyrowmnx
BUPYCOB

Genomes of acute
transforming retroviruses. Oncoge:
indicated in color. Rous sarcoma viru
replication-competent because it cont
structural genes; however, most transdu
retroviruses have deletions of structural genes

and often express their oncogenes as fusion

proteins.




JleHTUBUpPYCbl — BO36yanTenn MeaneHHbIX
MHDEKLNIK

Lentivirus

From Latin /entis (slow), for slow progression of disease

VIRION
Spherical enveloped particle.
Diameter 100 nm.
Conical capsid.

GENOME
Linear ss RNA, positive sense.
Two identical segments, each 9.3 Kb.

Cellular tRNAY** molecules packaged in virions used as primers for reverse transcription.

GENES AND PROTEINS
Four capsid proteins: MA (p17), CA (p24), NC (p7), p6.
Three enzymes: PR (p10), RT (p51/66), IN (p32).
Two envelope proteins: SU (gp120) and TM (gp41).
Six regulatory proteins: Vif, Vpu, Vpr, Tat, Rev, Nef.

VIRUSES AND HOSTS
Human immunodeficiency virus types 1 and 2 (HIV-1, HIV-2).
Simian immunodeficiency virus.

Equine, bovine, feline immunodeficiency viruses.

DISEASES
Acquired immune deficiency syndrome (AIDS) first described in 1981.
A major global pandemic today (more than 30 million people infected).
HIV replicates in and kills lymphocytes and macrophages.
Results in depletion of CD4+ T cells to render host immune-incompetent.
As a result, opportunistic infections by other pathogens are often fatal.
HIV is transmitted through sexual contact and blood exchange.

DISTINCTIVE CHARACTERISTICS
Proviral DNA can enter nucleus without requirement for cell division.
Lentiviruses make a complex set of singly and doubly spliced mRNAs.




morphology of a retrovirus (HIV1, a lentivirus)
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CxeMaTunyeckoe nsobpa>keHne BMpycHou
yactuubl HIV-1

Diagram of structure of HIV-1
virion. Components of the virion are labeled:

see Table 26.2. For the sake of clarity, only one

of the two genome RNA molecules is shown
covered by NC protein.




JT1anbl pa3sutmna Cllda

(a)
Acute
Infection Clinical Latency
—

/y

Viral RNA (—)
CD4+ T Cells (—)

Virus load
setpoint

Weeks

Entry of virus
into the host

Localized replication
al site of infection
Release of virus
into the circulation

Seeding of lymph nodes
throughout body
Immune clearance of virus from

peripheral circulation; continued
replication in lymph nodes

Replication and destruction of
lymph node architecture

Release of virus
into the circulation

Loss of immune response;
susceptibility to opportunistic
infections.
Events associated with progession to AIDS.
(a) Changes in viral RNA and CD4-positive T cell levels in
the peripheral circulation from acute infection to end-stage
disease. (b) Stages of HIV-1 infection.




JIEHTUBMPYCbl MIEKOMUTAIOLLUX

Lentiviruses

Virus Host

Human immunodeficiency virus type 1 Humans

Human immunodeficiency virus type 2 Humans
Simian immunodeficiency virus Monkeys
Feline immunodeficiency virus Cats
Equine infectious anemia virus Horses
Caprine arthrits-encephalitis virus Goats

Visna-maedi virus Sheep




$ Transcription

Full length

Y Splicing
Env

Vif

Vpu

2 Kb Class A, Tat
Rev
Nef

Structural
proteins

Regulatory
proteins

CTpyKTypa reHoMma un cxema cnnamcmHra PHK HIV-1

Genome structure
and RNA splicing pattern of HIV-
1. Above: a map of the integrated
proviral DNA framed by two long
terminal repeats, and the reading
frames for viral proteins. Below: the
pathway by which the primary
transcript is converted into more
than 25 different mRNAs in three
size classes by alternative splicing.
Right: viral proteins produced from
the different classes of viral mRNA.




CTpykTypHble benkn HIV-1

Name

Matrix

Capsid

Nucleocapsid

Protease

Reverse transcriptase
Integrase

Surface protein
Transmembrane protein

Virion protein R

HIV-1 structural proteins

Abbreviation

MA
CA
NC
PR
RT
IN
SU

Vpr

p66/51
p32
gpl20
gp4l
pls5




HecTpykTypHble 6benkn HIV-1

HIV-1 nonstructural proteins

Name Abbreviation M. Wt

Viral infectivity factor Vif p23
Virion protein unique to HIV-1 Vpu pl6
Transactivator of transcription Tat pl5

Regulator of expression of virion proteins Rev pl9

Negative effector Nef p27




[IlpoHUKHOBeHNe HIV-1 B KNeTky

Virion

Cytoplasm

Model of HIV-1 entry. (a) gp120 on the
virion binds to CD#4 on the cell surface. (b) gp120 undergoes
a conformational change that expc gions that bind to
chemokine receptors (CCRS XCR4). Changes in gp120
conformation expose the fusion domain of gp41, resulting in
its insertion into the cell membrane. (¢) The close proximity
of the viral and cellular membranes results in their fusion,

releasing the virion core into the cytoplasm.




(a) No Tat

Yto penaet 6enok Tat

RNA Pol Il

CTD @ cCdk9
B CyclinT

Tat

Mechanism of Tat
function. (a) In the absence of Tat, RNA
polymerase II molecules that initiate
transcription at the HIV-1 promoter lack
processivity and most are released from the
template before reaching the
polyadenylation site. (b) Tat recruits cyclin
T and cyclin-dependent kinase-9 (Cdk9) to
the transcription complex shortly after
initiation, resulting in
hyperphosphorylation (P) of the carboxy-
terminal domain of RNA polymerase II.
This increases processivity of the

polymerase and generates increased levels
of full-length transcripts. CTD: carboxy
terminal domain of RNA polymerase I1.




3a4yeM HyxeH benok Rev

Mechanism of Rev function. Rev is

transported into the nucleus via nuclear pores by direct
interaction with importin beta. Within the nucleus, Rev binds
to the Rev-responsive element (RRE) in viral RNAs, and
recruits exportin 1 and Ran GTP to generate a complex
capable of exporting the RNA to the cytoplasm. The complex
dissociates in the cytoplasm, releasing the mRNA and allowing
Rev to return to the nucleus and repeat the cycle.




Moaynaunsa aKcnpeccMm noBepxXHOCTHOIO
aHTureHa CD4

Down-regulation of
CD4 expression. (a) In the absence of
Vpu, CD4 interacts with gp160 in the
Lumen endoplasmic reticulum, resulting in
formation of a complex that blocks
transport to the cell surface. Vpu binds
to the cytoplasmic domain of CD4 and
] through interaction with g-TrCP
/1% directs CD4 to the proteasome
\ Degradation by degradation pathway. (b) Nef binds to
Vpu  B-TrCcP proteasome the cytoplasmic tail of CD4 at the inner
surface of the plasma membrane, and via
interaction with AP-2 increases uptake
of CD#4 into clathrin-coated pits,
lowering its concentration on the cell

Plasma surface.
membrane

Cytoplasm

Endoplasmic
reticulum

Cytoplasm

Clathrin




OYHKLUNN BUPYCHbIX 6E1KOB

1.benok Tat yBenunuymBaeT TPaHCKpUNUMIO NpOBUpPYCHOro reHoma HIV-1,
CTUMYIUPYSA 3/TOHFaTOPHY akTuBHOCTb PHK-nonmnmepassi II.

2.6benok Revl cnocobcTtByeT TpaHCNOPTY B UMTOMNA3My BUPYCHbIX  UMHGOpMauMoHHbIX PHK,
KoaMpyrowmnx CTpyktypHbole 6enkn HIV-1. Tat n Rev 6enku B 3HAUYNTENIbHOMN CTENEHUN CTUMYIUNPYIOT
CUHTE3 BMPYCHbIX 6€enKOoB.

3.benok Vif yBennumBaeTr WHPEKUMOHHOCTb Bupyca HIV-1, B3anMoAencTBYS C KJIETOYHOW
aAesokcnuntTuamnH aesammHason. (Vif, npucoeguHsisice kK KnerouyHon gesammHalze CEM15 uHayuympys
YOUKBUTUHN3ALMNIO U TTOC/IEAYIOLLYIO AErPaAaLUnto 3Toro pepMeHTa rnpoTeocomamm).

4. benok Vpr BaXxeH Ang nepeHoca npenHTerpaunoHHoro komnnekca HIV-1 U3 uMtonnasmel B 44pO0.
5. benok Vpu ycunmeaeT BbIX04 BUPYCHOIO NOTOMCTBA U3 3apa>EHHOMN KNETKMW.

6. benok Nef — BaxHbIn MeanaTop natoreHe3a (Nef cHmxaeT ypoBeHb 3kcnpeccun 6enkos CD4 w
MHC Ha noBepXHOCTU KNEeTKU. Bansetr Ha MHPEKLNOHHOCTb BUPYCa U U3MEHSET CUrHasbHble NYTU:
B3aumoaencrteme Nef c src-poacTBeHHbIMM KMHazamu lyn u hck, npuBoaMT K mMx aktuBauumm. A
B3aumogencteme Nef c lyc n fyn npuBognt K ux nogasneHuto. AkTuBaumsa hck npumsBoanT K
yBeIMYEHUIO 3Kcnpeccmn B T KAeTKax psga UMTOKMHOB UM XEMOKMHOB, UYTO B CBOK o4epeab
yBenunumneaet pennmkaumnio HIV-1 n npusnekaet 6onblue T-KNETOK K o4ary 3apaxeHus)



Bupyc T-kneto4yHoro fieMko3a 1 tuna 4yenoBeka

Deltaretrovirus
From Greek letter delta

VIRION
Spherical enveloped particle.
Diameter 100 nm.
Icosahedral capsid.

GENOME
Linear ssSRNA, positive sense.
Two identical segments, each 8.7 Kb.

Cellular tRNAP™ molecules packaged in virions used as primers for reverse transcription.

GENES AND PROTEINS

Gag, Pol, and Env proteins packaged in virion.

Also codes for regulatory proteins Rex, Tax, p12', p13, and p30.

VIRUSES AND HOSTS

A human retrovirus, member of genus Deltaretrovirus.
Related viruses: bovine leukemia virus, simian T-lymphotropic viruses.

DISEASES
Adult T-cell leukemia, which affects CD4+ T cells.
Tropical spastic paraparesis, a neurological demyelinating disease.

DISTINCTIVE CHARACTERISTICS
Infects human T lymphocytes.
Tax protein regulates gene expression and leads to oncogenic transformation.
Causes T-cell proliferation and transformation by multiple pathways.
A human tumor virus.




CuHTE3 perynatopHbix 6enkos HTLV-1
HanpaBaseTca ABaXAbl criylancmpoBaHHbIMKM PHK

Proviral DNA

Transcription -
Rex-respops:ve
element

Full-length RNA

Singly spliced RNA Ca

Doubly spliced RNA Ca

Structure and expression of HTLV-1 proviral DNA. Integrated proviral
DNA is shown in orange. Boxes above RNAs show open reading frames coding for HTLV-1
structural and regulatory proteins. Introns are shown by diagonal dashed lines. The Rex-
responsive element is shown in the U3 region.




[TonnageHnnmnposaHune n akcnopt PHK HTLV-1

Polyadenylation and export of
HTLV-1 RNAs. The Rex-responsive element forms a
s stable secondary strucure near the 3’ end of HTLV-1
Exportin 1 o RNA, bringing the poly(A) signal AAUAAA close to
the cleavage/polyadenylation site. Rex binds to the
Rex-responsive element via an N-terminal domain and
> binds to exportin 1 via a C-terminal domain, mediating
C-term £ & transport of unspliced or singly spliced RNA to the
domain @ ; cytoplasm.

N-term

domain Rex-responsive

element

Poly(A) 3’

HTLV-1 mRNA




benok Tax aktueupyet TpaHckpunuunio PHK HTLV-1

TRE-1 TRE-1 TRE-2 TRE-1
e} s (000 =

—-250 —-200 =150 —100

Tax activates transcription of HTLV-1 RNA. (a) Part of the U3 region of
the HTLV-1 long terminal repeat. Tax-responsive elements (TRE) are shown as black and
gray rectangles. A TATA box is present at nt —30; transcription starts at nt +1. (b) Cyclic
AMP-responsive element binding protein (CREB) binds to TRE; Tax recruits the
transcriptional coactivator, CREB-binding protein (CBP), leading to enhanced transcription
of proviral DNA by enhancing interaction of TFIID with the TATA box and subsequent
binding of RNA polymerase II.




KneTo4yHble reHbl, akTuBMpyemble BUPYCHbIM 6enkoM Tax

Activation of gene expression by HTLV-1 Tax

Transcription

Genes induced by Tax Examples factor used?®

Viral genes HTLV-1 CREB/ATF
HIV-1 NF-«B
Cytomegalovirus NF-«xB

Cytokines and receptors Interleukin-1, 2, 6, 8, 15
Tumor necrosis factor-a, B
Interferon-g
Interleukin-2 receptor «
T-cell receptor
MHC class 1

Transcription factors c-fos, erg-1 SRF
and proto-oncogenes fra-1 NF-«B
c-myc, c-rel, c-sis EGR-1

Cell adhesion molecules Endothelial leukocyte adhesion NF-«xB
molecule-1 (ELAM-1)
Intracellular cell adhesion NF-«B
molecule-1 (ICAM-1)
Vimentin ?
Acute phase proteins Angiotensinogen
Serum amyloid A precursor NF-«B
Complement factors

ACREB/ATF: cAMP responsive element binding/activation transcription factor; NF-«B: nu-
clear factor-xB; SRF: serum response factor; EGR-1: early growth response factor-1.




Human T-Cell Leukemia Virus Type

Deltaretrovirus
From Greek letter delta

VIRION
Spherical enveloped particle.
Diameter 100 nm.
Icosahedral capsid.

GENOME
Linear ssRINA, positive sense.
Two identical segments, each 8.7 Kb.
Cellular tRINAP™ molecules packaged in virions used as primers for reverse transcription.

GENES AND PROTEINS
Gag, Pol, and Env proteins packaged in virion.
Also codes for regulatory proteins Rex, Tax, p12%, p13, and p30.

VIRUSES AND HOSTS
A human retrovirus, member of genus Deltaretrovirus.
Related viruses: bovine leukemia virus, simian T-lymphotropic viruses.

DISEASES
Adult T-cell leukemia, which affects CD4+ T cells.
Tropical spastic paraparesis, a neurological demyelinating disease.

DISTINCTIVE CHARACTERISTICS
Infects human T lymphocytes.
Tax protein regulates gene expression and leads to oncogenic transformation.
Causes T-cell proliferation and transformation by multiple pathways.
A human tumor virus.
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Full-length RNA

Singly spliced RNA

Doubly spliced RNA

FIGURE 27.1 Structure and expression of HTLV-1 proviral DNA. Integrated proviral
DNA is shown in orange. Boxes above RINAs show open reading frames coding for HTLV-1
structural and regulatory proteins. Introns are shown by diagonal dashed lines. The Rex-
responsive element is shown in the U3 region.




Exportin 1

C-term
domain

domain Rex-responsive

AAUAAA

HTLV-1 mRNA

FiGUre 27.2 Polyadenylation and export of
HTLV-1 RNAs. The Rex-responsive element forms a
stable secondary strucure near the 3’ end of HTLV-1
RNA, bringing the poly(A) signal AAUAAA close to
the cleavage/polyadenylation site. Rex binds to the
Rex-responsive element via an N-terminal domain and
binds to exportin 1 via a C-terminal domain, mediating
transport of unspliced or singly spliced RNA to the
cytoplasm.
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FIGURE 27.3 Tax activates transcription of HTLV-1 RNA. (a) Part of the U3 region of
the HTLV-1 long terminal repeat. Tax-responsive elements (TRE) are shown as black and
gray rectangles. A TATA box is present at nt —30; transcription starts at nt +1. (b) Cyclic
AMP-responsive element binding protein (CREB) binds to TRE; Tax recruits the
transcriptional coactivator, CREB-binding protein (CBP), leading to enhanced transcription
of proviral DNA by enhancing interaction of TFIID with the TATA box and subsequent
binding of RNA polymerase II.




TABLE 27.1 Activation of gene expression by HTLV-1 Tax

Transcription
Genes induced by Tax Examples factor used?

Viral genes HTLV-1 CREB/ATF
HIV-1 NF-«B
Cytomegalovirus NF-«B

Cytokines and receptors Interleukin-1, 2, 6, 8, 15
Tumor necrosis factor-a, 8
Interferon-B
Interleukin-2 receptor a

T-cell receptor
MHC class 1

Transcription factors c-fos, erg-1

and proto-oncogenes fra-1
c-myc, c-rel, c-sis

Cell adhesion molecules Endothelial leukocyte adhesion
molecule-1 (ELAM-1)
Intracellular cell adhesion
molecule-1 (ICAM-1)

Vimentin

Acute phase proteins Angiotensinogen
Serum amyloid A precursor NF-«B
Complement factors

3CREB/ATF: cAMP responsive element binding/activation transcription factor; NF-«B: nu-
clear factor-«B; SRF: serum response factor; EGR-1: early growth response factor-1.




Inactive IKK Tax binds and induces

complex phosphorylation of Active IKK
IKKa and B comp'ex

Active IKK complex
phosphorylates IkBa

Ub
Ub .
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P _ 1 IxBadegraded | IBo targeted

by proteasome L for ubiquitination

NF-xB/IxB

complex

NF-«B released

Cytoplasm
Nucleus

NF-xB
binding site

FIGURE 27.4 NF-xB
signaling cascade. The Ik
kinase (IKK) complex,
composed of IKKa, IKKS,
and IKKY, is activated by
phosphorylation induced by
Tax binding. The active
complex phosphorylates I«kBa
at Ser-32 and Ser-36. The
phosphorylated IxBa is
subsequently ubiquitinated by
the E3 ubiquitin ligase and
targeted for degradation by
the proteasome. NF-«B
dimers are then free to
translocate to the nucleus,
bind to DNA, and activate
target gene transcription.
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IL-2 receptor

IL-2-dependent
T-cell proliferation

Infected T-lymphocyte
®

IL-2 receptor

__» IL-2-independent
T-cell proliferation

p1 GINK4A

e
@ Activates
S phase genes

FIGURE 27.5 Possible mechanisms of HTLV-1 induced
T-cell proliferation and leukemogenesis. (a) HTLV-1
infected T cells that express Tax from an integrated proviral
DNA (in orange) secrete interleukin 2 (IL-2) and up-regulate
its receptor, causing polyclonal IL-2 dependent proliferation.
(b) p12' can bind to and dimerize a, and B subunits of the
IL-2 receptor, leading to activation of the Jak-Stat pathway
in absence of IL-2 and resulting in IL-2 independent
proliferation. (c) Tax blocks p16™ 44 inhibition of cycli
dependent kinase activity, and binds to cyclin D3 to increase
cyclin-dependent kinase activity, resulting in incre:
phosphorylation of Rb protein and subsequent a

S phase genes by free E2F transcription factor.




TABLE 27.2 Clinical phases of adult T-cell leukemia

Disease phase Clinical signs

Survival

Pre-ATL o

Smoldering

Chronic

No clinical signs for decades

Less aggressive

Normal white blood cell count
Skin lesions

5% abnormal T lymphocytes

Less aggressive

Normal white blood cell count

Prominent skin lesions

5% abnormal T lymphocytes

Modest bone marrow and visceral involvement

Skin lesions
5% abnormal T lymphocytes
Liver and spleen pathology

Very aggressive

Elevated white blood cell count
Prominent skin lesions

>5% abnormal T cells

Liver and spleen pathology

More than 10 months

More than 10 months

10 months

Less than 6 months




The concept of Gene Therapy

Cloned gene
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Gene
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Return genetically modified
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Heobxoanmbie cBOUCTBA 9PPEKTUBHOUN CUCTEMDI
nepeHoca M 3KCNpeccumn reHa

Bricokas 3p(PeKTHBHOCTH NEpeHOCa BBIOPAHHOIO TEHETHYECKOIO
Marepraia B KJICTKM-MHUIIECHHU(IN VIVO U 1n Vitro)

[IpocToTa v BeICOKast BOCIIPOU3BOAUMOCTh METOAA TPAHCIYKIIUU
CraOuibHasi SKCIPECCHUSI BHECEHHOTO T'€HA
B03MOXXHOCTBH HAIIPaBICHHON PETYIALMUA IKCIIPECCUN

PerynupyemMsiii TpOIHU3M (CIOCOOHOCTh N30MPATEIbHO BHOCUTD
AKCIIPECCHUPYEMBIC T€HBI B KJIETKH ONPEICIEHHBIX THUIIOB)



Bbibop MeToAa NeEpPeEHOCca N SKCNPECCUN LIENEBLIX

reHoB

1. Ca-docdarnas Tpancekius

IIpocToTa BHINOIHEHNSI, OBICTPOTA U HU3KAsl CTOUMOCTD
(He TpedyeT crIeHMAJIBHOI0 000PYI10BAHMS)

IIpuMeHnnMa JIMIIb K OTPAHUYCHHOMY PSAAY KJIETOK,
BO3MOKHOCTD MCII0JIb30BAHMS TOJBKO MPUKPENJIEHHBIX
KJIETOK, HU3KadA d¢pdexTuBHocts (0,01-2%)
HexoHTposupyemMoe YUCI0 KONMMH BHECEHHOT0 B TeHOM
reHeTH4eCKOro MarepuaJjia

2. JIumocoMbl (MCKyCTBEHHBIE
MeMOpaHBbI)

Yno0HbINA 1 ObICTPBINA M JOCTATOYHO “MATKHUI1” C110C00

Bricokasi CTOMMOCTD, 1JI1 MHOTHUX THIIOB KJIETOK —
Hu3kas 3¢ PekTuBHOCTH. HeKOHTpOJIMpYeMoe YU C/I0
KOINUI BHECEHHOI0 B TeHOM IeHEeTHYeCKOr0 MaTepuaJjia

3. DnekTponopanus
(RJIEKTPOIPOOOI)

IIpocToii u ObICTPBIA MeTOA. BO3MOKHOCTD
HCI0JIB30BATH Pa3/IMYHbIe THIIbI KJIETOK.

Bricokasi rudesib KJIETOK NpH djekTponpodoe (30-50%)
TpeOyeT cienMaJbHOI0 J0POroOCTOSIIIET0 000PYT0OBAHUS.
He MoxeT ObITH MCII0JIb30BAH B TeHOTEPaNeBTHYECKUX
nejsix. Bo3aMoxkHbI HapyIllIeHHsI CTPYKTYPbl XPOMOCOM.

4. banmucTudyecKuil METON
(shortgun)

bbicTpbIN MeTO, TPEOYIOIIUIA ONBITA U He SIBJISOIIMICS
yHHuBepcaabHbIM. TpedyeT cnenuajibHOro
o0opynoBanusi. Huskasi BOCIpoM3BOAMMOCTD.
ConpoBoskaaercsi pa3pylnieHueM KJIeTOYHBIX OpPraHesl1 U
XPOMOCOM, YTO MOKET MPUBOAUTH K 3JI0Ka4€CTBEHHBIM
NnepepoKIeHUsIM KJIETOK




Bbibop MeToaa nepeHoca U 3KCnpeccuun ueneBbiX
reHoB (NMpoAo/IKeHne)

5. Ilepenoc u 3KCIIpeCCHst TEHOB C IIOMOIIBI0 BUPYCHBIX BEKTOPOB

PeTpoBHpYCHBIC BEKTOPDI:
Bexmopbot na ocnoee npocmwvix pemposupycoe
Bekmopbl Ha OCHoOe6ée JieHmuesupycos

Bexmoput na ocnoee cnymasupycoe (nenaujux
eupycos)

Broicokas 3¢ dekTuBHOCTH MepeHoca (10 95-100%)
HIupoxuii cieKTp AeiCTBUS.

Broicokasi liiacTu4HOCTh. OTCyTCTBHE
HUTOTOKCHYHOCTH. BO3MOKHOCTH M30MpaTe/IbHOTO
MEPEHOCA U IKCIPECCUHU B KJIETKAX Pa3JIMYHbIX
TUIIOB U Pa3JM4YHbIX opranu3moB. IIpocrora,
BbICOKAasl BOCIIPOU3BOAUMOCTDb M HU3KAsl CTOMMOCTD.
OtcyrcrBHe MMMYHOTreHHOCTH. KoHTpO/IMpyemoe
YHMCJI0 KONUI MHTErPUPOBAHHBIX B T€HOM KJIETOK-
MHUIIIEHEeMH.

BepOﬂTHOCTL MOBPEKICHUSA KICTOYHBIX I'CHOB B
MECTC HHTCIPaliii BEKTOPOB B I'CHOM

BekTopbl HA OCHOBE aJICHOBUPYCOB

BekTopsl Ha OCHOBE aJCHO-
aCCOLIMMPOBAHHOIO BUpPYCa

BekTopbl Ha OCHOBE BUpycCa MPOCTOrO reprieca

Bbicokas 3pPpexTuBHOCTL NepeHoca. Huskas
HUTOTOKCHYHOCTH.OTCYTCTBHE HHTEIPALIUM B T€HOM
TPAHCAYUMPOBAHHOU KJIETKH.

HNuTerpanus B onpeneéHHbIA y4acTok 19-oii
XPOMOCOMBI YeJI0BEKA.

Cnoco0HOCTH 3apaxkaTh HeleJAIUecH KIeTKH
(HepBHBIE).




retroviral vectors

components needed in cis
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retroviral vectors

components needed in trans




retroviral replication / packaging of defective particles
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Coexpression strategies using retroviral vectors

internal =
promoter | Gene X —Z> Gene Y
SD
|_> /\
splicing . Gene X — Gene Y
SD Y
internal —~ IRES
ribosomal , Gene X Gene Y
entry SD
I_>
fusion protein | IGene X|Gene Y I
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Utilized coexpression strategies

internal
ribosomal
entry

fusion protein

cotranslational
separation

IRES

| eGFP HoxB4
SD
o |
T e6FP | HoxB4 [—
—> n
. I eGFP ﬁ‘HoxB4|—

SD




Calculation of retroviral titers (, GFP-Transfer Units")

@ X GTUs infect X cells

U

first cell division,

AN

outcome after 24-48 hours:
original cell number x2
infected: only half of the cells




Titers of retroviral expression vectors

107 -

titer/ml

103§

105 -
GFP GFP-HoxB4| GFP-2A- |GFP-FMDV-| GFP-PV-
construct HoxB 4 HoxB 4 HoxB4
coexpression fusion- co- IRES IRES
strateqy - protein |transiationall - ypy ) (PV)

separation




Why do IRES containing vectors show reduced titers?

vector production transduction
splicing / nuclear export reverse transcription
packaging




pJBlox7: G418 resistant, BrdU sensitive

Sacl Sacl

A — I;'I:R n‘,'—_—“») neo
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epitope |

oo C
L Ic
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NLS I
Kozak ATG

pJBCre31

loxP

C —( LTR — =9 neo_ ‘-'@,\>—:;\L’;R:

pJBlox7-Crel: G418 resistant, BrdU resistant

Figure 1. Experimental design for a Cre mediated excision of DNA from
integrated retroviral vectors. Schematic representation of an integrated
retroviral vector with the neomycin resistance gene (neo) as a positive
selectable marker and the herpes simplex virus type | thymidine kinase gene
(HSV-1 TK) as a negative selectable marker. The HSV-1 TK gene is flanked by
two lox sites in a head to tail orientation (A). The recombination event is drawn
schematically in (B). The modified ORF for the Cre recombinase in the
expression plasmid pJBCre31 is indicated by different rectangles. The
integrated retroviral vector after site-specific excision of DNA is shown in (C).




Excision of genes via direct application of Cre-recombinase

reporter
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Tube: sc1

Population #Events

%Parent

% Total

W 21 Events 30,000
B P 22 949
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76.5
0.7

100.0
76.5
0.5

— e .

| Tube: Runx/loxP not sorted

Population #Events

%Parent

%Total

. AI Events
P1
P2

30,000
25,463
19,605

84.9
77.0

100.0
84.9
65.4

— :
| Tube: Runx/loxP sorted_3x

Population #Events

%Parent

%Total

W A1 Events
P1
P2

30,000
23,606
21,696

78.7
91.9

100.0
78.7
72.3
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Tube: Runx/loxP inf R331

Population
All Events

#Events %Parent %Total
30,000 100.0
20,023 66.7 66.7

9,487 47 .4 316

Tube: Runx/loxP inf R518

#Events %Parent %Total

' Population
. All Events 30,000 100.0
{ ; 24,044 80.1  80.1

738 3:1 25



B nporiecce paboThl OBLIN MOTYYEHBI PETPOBUPYCHBIE BEKTOPHI COACPKAIIE B CBOEM
COCTaBE B KaYECTBE MApPKEPHOI'0 I'eHa T'€H 3eJIEHOr0 (Piryopecupyromiero 0eiaka uii reH
xenroro ¢payopecuupyromiero oenka, RV-eGFP/07-07 u Rv-tYFP/07-07,
COOTBETCTBEHHO, M JICHTUBHUPYCHBIEC BEKTOPBI, HECYIIIIE B CBOEM COCTaBE MapKEPHBIN I'eH
3eJI€HOr0 (hIyopeCcHUpPYOIIEro 0esika, 10 CBOMM CBOMCTBaM HE YCTYIAIOIIHUE TyYITUM
3apyOeKHBIM 00OpasiiamM, a 10 HEKOTOPBIM ITapaMeTpaM U MPEBOCXOSIINE HX.

bruta pazpaboTaHa METOIMKA MOTYYEHUS] PEKOMOMHAHTHBIX PETPOBUPYCHBIX YaCTHII,
00eCIeYnBaIoIas IOJyYeHHe CTOKOBBIX PACTBOPOB C BBICOKMM THUTpoM (10 10°
NBY/mn).

LTR
/

N Xba [(2) e T Xbe 1)

S~ B 1) -

bt [(948) S, _\\Psi [(948)

\Not [(1052) \Not [{1052)
! N o) i
Amp IRES Amp ~IRES
Neo [(1631)
7053 bp o Lutg1) 6977 bp
eGFP eYFP
W Bor Gl(2342) ‘»\\
PRE By Gl@s)
Noo 1(304) PRE

Noo [(3044)
Bam HI(3072)
Pst 1(3517) Neo 1(3284)

Bam HI(3363)
Hin dIII (3369)

! Bam HI(3072)
LTR Neo 1(3284)
Bam HI(3363)
Hin dIIl(3369)

Pst 1(3517)




Jkcnpeccusa reHa GFP (3enéHoro dpnyopecumnpytouwero 6enka,
BHECEHHOIO B KJ/IETKWN) NMOYKM aMOpMOHa yenoBeka nnHum 293,
BHECEHHOIO B COCTaBe peTpoBupycHoro sektopa RV-GFP/07-07

(A) u TpanchunmpoBanubie (B) kinerku 293 npu mukpockonuu B BugumMom ceete. Mcxoansie (b) u

TpacdumpoBanubie (I') knetkn 293 mpu MEUKPOCKONHH B yiIbTpodronetoBoM caere (A, = 488 HM).



KuneTrka npoaykiuu perpoBupycHoro Bekropa RV-GFP/07-07
yIakoBbIBarOImuMH kinetkamu HEK293 gp.

Tube: RV-GFP/07-07 20 mkl 24h

Population #Events %Parent %Total
- All Events 10,000 100.0
HEr1 8,181 818 818
O egfp 3276 400 328

T T T
50 100 150 200 250 :
FSC-A (1000 FSC-A  (x1000)
RV-GFP/07-07 20 mkl 36h
%4 Tube: RV-GFP/07-07 20 mkl 36h

Population #Events %Parent %Total
8 Al Events 10,000 100.0
He 8225 822 822
[ egfp 6,250 760 625

100 150 200 250
FSC-A (1000

P/07-07 20 mkl 48h
I Tube: RV-GFP/07-07 20 mkl 48h

Population #Events %Parent %Total
. All Events 10,000 100.0
P1 8,142 81.4 814
O egfp 3,702 455 370

x1.000) FSC-A
RV-GFP/07-07 20 mkl 60h

Tube: RV-GFP/07-07 20 mkl 60h

Population #Events %Parent %Total
B Al Events 10,000 100.0
P1 8,165 816 816
O egfp 2,708 452 274

T
50 100 150 200 250
FSC-A  (1000)

Coop Bupyca ocyliecTBisicsa uepe3 24 yaca nocie Tpancdekiuu kietok HEK293gp ¢ untepaiom
10-12 gacoB. TuTpoBaHue oCyIIeCTBIUIM Ha KieTkax MuieHsax SC-1. Jlins nepenoca B kinetku SC-1
Hcnoiib3oBanu 20 MK KyJIbTypalibHOM cpefibl TPaHC(OUIIMPOBAHHBIX YIIAKOBBIBAOIIMX KJIETOK



KuHeTnka npoaykiuu perpoBupycHoro Bekropa RV-GFP/07-07
yIakoBbIBatOImuMH kinetkamu HEK293 gp.

sci control ___scicontrol

Tube: sci control

Population #Events %Parent %Total
10,000 100.0
8,400 841 84.1

150 200 250 5 1
(x1,000) g 3 0.0 0.0

RV-GFP/07-07 100 mkl 24h

Population #Events %Parent %Total
i All Events 10,000 100.0
> 8,130 813 813

6,308 776 63.1

150 200 250

FSC-A (1000
RV-GFP/07-07 100 mkI 36h

i Tube: RV-GFP/07-07 100 mkI 36h

Population - #Events %Parent %Total
. All Events 10,000 100.0
i ] 7919 792 792
Oegfp 7,452 941 745

200 250 50 100 150
1,000) FSC-A (<1000

RV-GFP/07-07 100 mkl 48h

Population #Events %Parent %Total
W Al Events 10,000 100.0
8,208 821 821
6,458 787 646

TITTIT i (i
50 100 150 200 25
FSC-A

Tube: RV-GFP/07-07 100 mkl 60h

Population #Events %Parent %Total
100.0

802 802

562

T
100 150 200 250 5 200 250
ESC-A  (x1.000) (x1,000)

Jlnst mepenoca ucnonab3oBaiu 100 MK KyJIbTypaabHOM Cpebl TpaHC(PUIIUPOBAHHBIX
YIIaKOBBIBAIOIINX KJIETOK.



Co3nanue KJIETOK IPOAYILIEHTOB (IIepeBUBAECMBIX (hDHOPOOIACTOB
MBIIIIN ) CEKPETUPYEMOI0 TOPMOHA pOCTA YEIOBEKA C MOMOIIBIO
perpoBupycHoro Bekropa RV-GFP/ 07-07.

LTR
z:/T/XbaI(zm)
. B9l (679)
/& Pstl(948)
& BamHI(1076)
Amp \ Pstl (1519)
hGH
Bglll (1592)
7765 bp \Hindl[[ (1995)
IRES
/l Neol (2343)
eGFP
LR 1 ‘”/(Berl(gom)
Pstl (4229) \ ‘{PRE
HindIII (4081) Neol (3756)
BamHI (4075) BamHI (3784)

Neol (3996)

Kapra perpoBupycnoro Bektopa R-hGH-IRES-eGFP



[Ipoaykiusi ropMOHa pOCTa YE€I0BEKA IEPEBUBAEMBIMH KJIICTKAaMH

MbInn JuHAU SC1, TpaHCAYIIMPOBAHHBIX PETPOBUPYCHBIM BEKTOPOM
R-hGH-IRES-eGFP

DnexkTpoPopeTHIECKON pasieieHre B OTUAKPUIAMUIHOM Telie B TUHATYPUPYIOMIUX YCIOBHUSIX 3PEJIOr0 TOPMOHA
pocTa yejaoBeKa, MOTYUYEHHOTO U3 KYJbTYypaJIbHOM CPe/ibl TPAHCTEHHBIX KJIETOK, FTEHOM KOTOPBIX COJIEPHKHUT
WHTErpupoBaHHbIN pekoMOMHaHTHBIN BeKTOp R-hGH-IRES-eGFP npu nomoniu nMMmyHocopoeHTHOM KomoHKH (1)
U 3peJIoT0 TOPMOHA pocTa yesioBeka, moiaydeHHoro u3 kietok E.coli (3), (2)-mapképubie Oenku. KonueHTpanms

3pEJIoro rOpMoOHa POCTa YEJIOBEKA, B KOHAUIIMOHUPOBAHHOM cpesie TpaHCreHHbIX KieTok SC1 cocrapisia 5-8
MKT/MJI.



[IepeHOC 1EeNEBBIX TEHOB B KJIIETKH Y€JIOBEKA C IIOMOIIBIO
neHTuBUpycHoro Bekropa pLPL-mCMV-H4puro

RSV LTR
AmpR i HIV LTR

ORI gag
EagliApal env
insert . CPPT
Avrli/Xbal £ Xho1(1925)
SHIL(T466). |\ Tbal(1933)
SvVaoori pLPL-mCMV-LacZ-H4-puro aSpe[(wm
SV 40 EEL poly(A)s Tg’ LulibRop '}mCMV
3'dLTR ‘Psz‘l(2073)
Acc 651(6863)
WPRE LacZ

puro
H4 promoter
Eco RI(5156)
Bam HI(5147)

v

v,

duznyeckas Kapra MOIYJIBHOTO JIGHTUBUPYCHOTO
BekTopa pLPL-mCMV-H4puro

H1299
control é‘g\

Nunykius cuaTe3a 6eTa-rajgakTo3u/1as3sl B
NepEBUBAEMBIX KJIETKaX paka JErKoro uyejoBeka
H1299, umeromux aenenuto reHa pS3 ¢
MTOMOIIIIO JIEHTUBUPYCHOT'O BEKTOpA
pLPL-mCMV-H4puro, Hecymiero rex pS3
JINKOTO THIIA.
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Retroviral vectors

0 most commonly used gene transfer system in gene
therapy

0 genome integration ensures stable long-term
expression

0 any genome integration may be associated with
insertional mutagenesis

(... which may in the worst case lead to malignant
transformation)



Possible mechanisms of (retroviral) insertional
mutagenesis

@ EN &

Integration

2 & 3: Direct promotor, enhance 1 & 7: Alteration
or silencer activity /f: 6: InTreence of gene control regions
/ on RNA stability | ~~—
S // I
! 7/ / !

LCR Enhancer Exons Intron Exons MAR

Promotor I > Terminator

4 & 5: Change of protein coding region (e.g. gene
truncation), enhancer or silencer activity, termination of
transcription

... at least some of these mechanisms do occur !!!




... theoretical risk assessment

Target cell number: 1x10° (1x107 per kg)
Starting cell number: 10°

Transduction efficiency: 25-30% [ 3 x 10’ insertions

Genome size: 3 x 10° bp

Random integration would statistically result

in one insertion every 100 bp!!!



CxeMmarudeckoe n300pakeHUE CTPYKTYPHO-(PYHKIIMOHAIBHBIX H3MEHCHUN
PETPOBUPYCHOIO BEKTOPA, IPUBOIAIIMNX K JCICIUSIM B POMOTOPHO-IHXaHCEPHBIX
oOmactax oooux LTR

geneyna

AHK — — CUrHan nonnageHnnnpoBaHmns
| |
a) lll’ll !\ A X ] lll’ll l\

Uz R U5 Us R U5
LTR LTR
YganeHune aHxaHcepa # NpoMoTopa
\
AHK — » CUTHAN NONMafeHUNUpoBaHNS

) — e x|
i TpaHckpunyma

PHK I HIAn

O6paTHas TpaHCKpMNLMS

CWTHan NoNnafjeHnnupoBaHnA

B) OHK i B EI il

a) - perpoBUpycHbIi BekTop (006a LTR comeprxar sHXaHCEPHO-TTPOMOTOPHYIO 001aCTh)
0) - CAMOMHAKTUBUPYIOIIHNIICS BEKTOP B BUJIE MPOBUPYCA B TEHOME YIIAaKOBBIBAIOIICH KIETKU
B) - CAMOMHAKTUBHPYIOIIUICS BEKTOP B BUJIE POBUPYCA, UHTETPUPOBAHHOTO B TEHOM KJIETKH-MUIIEHU



MulLV Infection

Env protein Surface Protein

OSU

Transmembrane
Domain TM

Trimer-Formation

/‘ Binding

S Cell Surface Protein
( Receptor)




Neuropathology of DDD mice infected with Mo-AmphoV alone (4-C),
or coinfected with Mo-AmphoV and F-MuLV (D-F).

Mo-AmphoV Mo-AmphoV and F-MulV




Base

Chromosome
Prototype Receptor Location

Interference
Group

Mus musculus
Ecotropic Mo-MulLV m-CAT1
Xenotropic NZB h-XPR
Polytropic Mo-MCFV XPR
Amphptropic 4070A Pit2
10A1 10A1 Pit1 / Pit2

Mus dunni
Multitropic

Mus cervicolor
Cl CERY C1
Cll M813

Mus caroli
Cl




Host Spectrum: M813J infects only murine cells

and, less efficiently, rat cells

Titer
Species Cell Line M813neo 10A1neo
ouss SC-1 3.5 x 10e4 26 x 1065
NIH 3T3 8.0 x 10e4 3.0 x 10e5
Rat
Rat1 3.7 x 10e1 5.6 x 10ed
NRK 3.0 x 10e1 1.8 x 10e5
REF52 1.3 x 10e2 1.7 x 10e5
Human
Hela 0 8.3 x 10e5
Ht1080 0 4.3 x 10ed
TE671 0 1.4 x 10e5




M813 Infection Is Not Blocked
by Virus of Any of the M. musculus Intereference Groups

Virus

Target Cells M813-neo 10A1-neo
SC1 3.4 x 10ed 7.6 x 10ed
SC1iM813 1.5 7.4 x 10ed
SC1iMoMulLV 3.9 x 10e4d 7.6 x 10e4
SC1iMoAmphoV 5.7 x 10ed 8.8 x 10ed
SC1i10A1V 8.8 x 10e3 2.0

SC1iMoMCFV 4.3 x 10ed 2.0 x 10e5




M813 expression slightly interferences with
ecotropic MulLV infection but not with other MulLVs

Psedotypes of Titer on target cells (GTU/ml)
MPEVneo SC-1 SC-1 M813
M813 5,4 x 104 0

Mo-MuLV 1,8 x 10° 5,1 x 103
Mo-AmphoV 1,2 x 10° 1,2 x 10°
10A1 7,8 x 104 8,2 x 10%
Mo-MCF 2,6 x 103 3,0 x 103




Syncytia formation induced by M813

A) PA 317 cells incubated with M813 for 4h
B) Uninfected PA317



Establishing Human Cells that Express
Murine CAT1 Receptor

Packaging the Vector
into VSV-G

% % % Pseudotypes
%

Infection

| mCAT1 — — ]

Target Cells TN Sotection with
TE671

TE671i mCAT1



Marker-rescue assay (A)

Cell with integrated provirus of replication
defective virus with marker gene

No virus
% production

Infection by replication-competent

virus
— : _(i} Virus production

.@.




Marker-rescue assay (B)

No viral production Viral production
M arker gene expression No marker gene expression
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Molecular Cloning of Env-Region of M813

LTR

LTR

pol

EcoRY

Xbal

Kpnl

Pstl

BamHI

RT-PCR using oligos
from conserved sequences
template: viral RNA

Genomic DNA




M813 SU Sequences Dictate Receptor Usage

Titer of MPEVneo pseudotyped with
Target Cells MoM813 MoMuLV

SC1 1.0 x 10e5 5.2 x10e5
SC1iMoM813 0 7.0 x 10e5
SC1iMoMuLV 1.0 x 10e5 nd
SC1iMoAmphoV 1.5 x 10e5

SC1iM813 0

MoMuLV [ TH___sas
MoM813 [ H




Localisation of the M813 Receptor Gene
by Hybrid Cell Lines

Irradiation

Genome Fragmententation ?

St
’ / ao ST

Hamster Cells
3**

D s
96 Hybrid Clones Murine Cells

Per clone: 31% Mouse genome

271 Markers Fusion + Selection

y — - ': v‘\- - ">A
HEEIVE EVS T . A 5
|nfecti0n M8139GFP Chromosome 16 16 Mapplng the
LN common
Positive ?? 0]0/0/0/0/0/5.0.00.0 overlapping
10/010.0,0/0.0.0/0/0 OQQRRRARAN -
oloeleele’el0 0/0'0 olele’ele/ele00/0/c = regions
OQQAAAAARING ————P elelelslelelc/0le'0/0]e
OQQQAANRANN OQQQAAARANAN
OQAQAQANOAN0 ORAQRAARNOAN
e seses 8858833652

e'elelele’e ele'e 0o
e'elele’e'e’ele'e’e




promising candidate gene on Chr. 16:

» Scl5A3 : multiple membrane spanning surface protein
encoding SMIT1: Sodium myo-Inositol Transporter 1

a+ myo-Inositol

i1 H \ \ \
..'.||'| .‘ ‘ ﬁ | /\

Symporter




Expression of mSMIT1 in Human Cells
Imparts Susceptibility to M813 Infection

SC1 TE671

29% 1%

—
-—
o
e
o
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o
o~
o

1% 52%

10 20 30 40 50

o

Infection with MP-eGFP pseudotpyed with M813



M813 Induces

Syncytia Formation
in Cells Expressing

Its Receptor

@)
()
C
+
—
Ne
%
T

Te671 + mSmit1



Summary

+» M813 belongs to a unique receptor interference group
«»» M813 is highly fusogenic in vitro and in vivo

% MB813 uses the m SMIT1 protein as a receptor

«» M813 induces T-cell ymphoma associated with large
multinucleated cells
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MuLV EXPRESSION IN SC-1 CELLS DETERMINES THE FUSOGENIC
PROPERTIES OF SC-1 CELLS

Target Cell Fusion Index (%)

scrvwwy | x| e




M813 INDUCES SYNCYTIA FORMATION MORE EFFECTIVE
THAN OTHER MURINE LEUKEMIA RETROVIRUSES

Virus

Target cells M813 Mo-Ampho

PA317 80.1% | 10.2% 24%
Sy 673%




Fusion index (FI) = (N - S)/T

N — number of nuclei in syncytium
S — number of syncytium
T — total number of nuclei

Over 500 nuclei were counted in each
experiment to obtain the FI value



Gene Therapy trials - overview

http://www.wiley.co.uk/wileychi/genmed/clinical/

Patients by vector

B Rretrovirus (n=1751) S1%
Adenovirus (n=620) 18.0%

B Lipofection (n=619) 18.0%
Maked/Plasmid DNA (n=93) 2.7%

B Pox virus (n=22) 2.6%

B 4deno-associated virus (n=36) 1.0%
RNA transfer (n=30) 0.9%

B Gene gun (n=35) 1.0%

Herpes simplex virus (n=21) 0.6%
B n/c(n=143) 4.2%




Gene Therapy trials - overview

http://www.wiley.co.uk/wileychi/genmed/clinical/

Protocols by continent

B america (n=418) 78.6%
Europe (n=98) 18.4%

B 4sia(n=8) 15%

Adustralia (n=3) 0.6%

B africa(n=1) 0.2%

B tulti-continent (n=4) 0.8%




Gene Therapy trials - overview

http://www.wiley.co.uk/wileychi/genmed/clinical/

Patients by phases

Bl Phase | (n=1774) 51.6%
Phase I/1l (n=904) 26 3%
B Fhase 11 (n=507) 14.8%
Phase Il (n=251) 7.3%




MHCEPUWMOHHBIN MyTareHes

BcTpanBaHmne NnpoBmupyca MOXeET NpuBoOANTb K
TpaHCMOOpMaLMN KNETKU

Promoter insertion near
proto-oncogenes can lead to cell
transformation and tumor formation.
Transcription of the proto-oncogene (exons
shown as filled boxes) initiates within the viral
. TR, either as a result of inactivation of the
left-hand L'TR (a) or deletion of the I'if_{‘h(-
hand L'TR (b). Result is a mixed viral/cellular
mRNA that expresses the proto-oncogene

under control of viral promoter/enhancer.




OTKpBITUE BUPYCOB

1892 ron

JI..IBaHOBCKMI — MH(PEKIIMOHHBIN (PUIBTPYIOIIUICS areHT,
BBI3BIBAIOIINI TA0AUHYHO MO3AHUKY.

1898 ron

M.Beijerinck - “contagium vivum fluidum™.
Loeffler & Frosch — foot-and- mouth disease
1908 ron

Ellerman & Bang — ALV

1911 ron

P.Rous - RSV






