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Amplification and Molecular Cloning of HTLV-I 
Sequences from DNA of Multiple Sclerosis Patients 

Techniques of gene amplification, molecular cloning, and sequence analysis were used 
to test for the presence of sequences related to human T-lymphotropic virus type I 
(HTLV-I) in peripheral blood mononuclear cells of six patients with multiple sclerosis 
(MS) and 20 normal individuals. HTLV-I sequences were detected in all six MS 
patients and in one individual from the control group by DNA blot analysis and 
molecular cloning of amplified DNAs. The viral sequences in MS patients were 
associated with adherent cell populations consisting predominantly of monocytes and 
macrophages. Molecular cloning and nucleotide sequence analysis indicated that these 
amplified viral sequences were related to the HTLV-I proviral genome. 

A LTHOUGH EARLY DATA INDICATED 

that neurologic disorders of wild 
mice are caused by mouse retrovirus 

infection (I) ,  no direct correlation has been 
established between human neurological 
disorders and retroviruses. However, recent 
evidence suggests that the human immuno- 
deficiency virus (HIV-1) as well as HTLV-I 
and HTLV-I1 are associated with neurologi- 
cal disorders (2-1 1). 

We previously (4) reported the presence 
of antibodies that react with the HTLV-I 
gag (p24) protein in samples of serum and 
cerebrospinal fluid (CSF) from patients 
with multiple sclerosis (MS) in Sweden and 
in Florida. Sequences of HTLV-I were de- 
tected by in situ hybridization analysis in the 
lymphocytes of C U ~ W ~ S  of CSF cells ob- 
tained from one-third of the patients (4). In 
three patients with progressive chronic en- 
cephalomyelopathy, we noted three differ- 
ent patterns of reactivity in relation to 
HTLV-I infection (8, 9): (i) the presence in 
serum of HTLV-I antibodies together with 
viral sequences, as determined by in situ 
hybridization and by the detection of viral 
antigen in lymphocytes; (ii) the absence of 
HTLV-I antibodies in the presence of viral 
sequences in CSF cells; and (iii) the presence 
of HTLV-I antibodies in the absence of viral 
sequences in peripheral blood lymphocytes 
(PBL) and CSF cells (8, 9). Subsequently, 
HTLV-I was isolated from lymphocyte cul- 
ture (10) of one of these patients, and the 
proviral genomes were cloned (11) from 
these cells. 

Since HTLV-I sequences can be detected 
by in situ hybridization assays in very few 
lymphocytes of MS patients, never in more 
than one in lo4 or one in 10' cells (4), and 
since the absence of detectable antibodies to 
HTLV-I does not exclude HTLV-I infec- 
tion, we used the polymerase chain reaction 
(12, 13) coupled with forced cloning of the 
amplified DNA to look for the presence of 

HTLV-I sequences in three males and three 
females with MS as defined according to 
McDonald and Halliday (14). The patients 
were from Sweden and all were diagnosed 
and treated at the Department of Neurolo- 
gy, University Hospital, University of 
Lund, Sweden. The age at onset of disease 
ranged from 11 to 34years, and the dura- 
tion, from 2 to 12  years (Table 1). All 
patients had a moderate mononuclear pleo- 
cytosis in CSF and five had oligoclonal 
immunoglobulin on isoelectrofocusing. The 
patient with no oligoclonal bands had multi- 
$e bilateral lesions on magnetic resonance 
imaging compatible with MS. At the time of 
the study, three patients had exacerbations 
and one of these was treated with cortico- 
steroids. None of the patients had ever 
received a blood transfusion. Negative con- 
trols were ten healthy subjects from Sweden 
who had no antibodies for HTLV-I and ten 
healthy blood donors from Philadelphia, 
Pennsvlvania. 

Blood samples were obtained from the 
cubital vein, and the peripheral blood 
mononuclear cells (PBMC) were processed 
(15). Results of ELISA assays with the use 
of disrupted HTLV-I virions revealed the 
presence of antibodies in serum samples 
%om two of the six patients at the time their 
PBMC were tested for the presence of 
HTLV-I sequences (Table 1).  T o  amplify 
HTLV-I sequences in the cellular DNA 
extracted from PBMC, we used primer pairs 
from thegag and env region (16). These were 
25 bases long and rich in G-C content to 
allow stable hybridization. The gag primers 
included the recognition sequence for Sma I 
or Pst I and the env primers contained the 
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recognition sequence for Sal I and Kpn I, so 
that after amplification the DNA fragments 
could be cleaved with these restriction en- 
zymes and cloned into a plasmid vector. The 
region of amplification for gag region con- 
tained a unique Nco I site, while the ampli- 
fied env region contained a Cla I site for 
fiuther diagnostic purposes. Thus, amplifi- 
cation of HTLV-I sequences with gag and 
env primers was expected to yield sequences 
of 530 and 467 bp, respectively. The ampli- 
fiedgag sequences, when cleaved with Nco I, 
would yield two li-agments of 390 and 140 
bp long while the cleavage of env sequences 
with Cla I would yield fragments of 263 and 
204 bp. To detect amplified sequences, we 
used either a nick-translated probe derived 
from the HTLV-I proviral genome that 

Fig. 1. HTLV-I gag and env gene A 
amplification analysis of DNAs iso- 
lated from bacterial plasmid (A and 
B, lanes 1 and 2); MT-2 cell line 
infected with HTLV-I (A and B, 
lanes 4 and 5; C and D, lanes 2 and 
3); peripheral blood lymphocytes 
of a TSP patient 3-19-3 (A and B, 
lanes 6 and 7; C and D, l a m  4 and 
5); and a human cell line ML-2 
known to be negative for HTLV-I 
sequences (A and B, lanes 8 and 9; 
C and D, lanes 6 and 7). Lanes 3 
and 10 of (A) and (B) and lane 1 of 
(C) and (D) contain molecular 
weight markers (YX DNA digested 
with Hae 111). (A) Ethidium bro- 
mide staining pattern and (B) hy- 
bridization pattern with the labeled 
oligonucleotide probe ofgag primer 
amplified sequences (16). Lanes 1, 
4, 6, and 8 contain undigested 
DNA while lanes 2, 5, 7, and 9 
contain DNAs digested with Nco I. 
(C) Ethidium bromide staining 
pattern and (D) hybridization pat- 
tern of env primer amplified sequences 
5, and 7 contain DNAs digested with 

spanned the amplified regions or oligonu- 
cleotide probes (16) that were labeled at the 
5' end with 32~04 and that were comple- 
mentary to the sequences that were ampli- 
fied. 

We tested our strategy with fbur DNA 
samples: (i) a plasmid DNA containing the 
HTLV-I proviral genome; (ii) total cell 
DNA isolated from the MT-2 cell line, 
which is idxed with HTLV-I (17); (iii) 
cell DNA derived from PBMC of a patient 
with chronic encephalomyelopathy initially 
diagnosed as tropical spastic paraparesis, or 
TSP (10, ll), from which we previously 
cloned a proviral genome (11); and (iv) 
normal cell DNA (Fig. 1). Distinct amplifi- 
cation of gag and env sequences accurred in 
the three cell DNA5 that contained the 

(16). Lanes 2,4, and 6 contain undigested DNA, while lanes 3, 
Cla I. 

Table 1. Presence of HTLV-I sequences in PBMC of MS patients. 

I4TL.V-I proviral genome (see Fig. lA, 
lanes 1, 4, and 6, and Fig. lC, lanes 2 and 
4). The band with the highest intensity was 
from the plasmid DNA that contained the 
cloned proviral genome; that with the least 
intensity was from the 'TSP" patient DNA. 
No nonspecific amplification of DNA se- 
quences occurred when the primers were 
used in combination with normal cell DNA 
(Fig. lA, lanes 8 and 9, and Fig. lC, lanes 6 
and 7). When the amplified gag sequences 
were cleaved with Nco I, all three samples 
yielded two restriction li-agments of 390 bp 
and 140 bp, further demonstrating the 
spedcity of amplification (Fig. lA, lanes 2, 
5, and 7). Similar results were obtained with 
env sequences where cleavage with Cla I 
showed two bands of 260 and 200 bp long 
(Fig. lC, lanes 3 and 5). Blot hybridization 
with gag- and env-specific oligonucleotide 
probes (16) revealed hybridization to the 
-mpli6ed sequence ( ~ i ~ :  lB, lanes 1,2, and 
4 to 7, and Fig. lD, lanes 2 to 5). These 
results showed that amplification of the 
proviral sequences could be achieved by 
using the primers we had chosen, that this 
amplification was specific for HTLV-I se- 
quences, and that no amplification of non- 
specific or endogenous viral sequences oc- 
curred under the conditions used. 

We next tested DNA samples derived 
from PBMC and peripheral blood lympho- 
cytes of 26 individuals; the six patients with 
MS (Table 1) and 20 controls. Amplifica- 
tion with gag primers of HTLV-I sequences 
occurred in all six samples fkom MS patients, 
and the amplied 530-bp DNA fragment 
was visually detectable. The intensity of the 
amplified DNA band was much lower than 
that of the positive controls from MT-2 cells 
and amplified DNA from cells of the patient 
with TSP. In general, analysis of samples 
from all patients showed bands visualized 
readily after ethidium bromide staining and 

- - - - - -- - - 

HTLV-I sequences in 
Dura- mononudear cells PCR 

Patient Age/ tion Initial Clinical 
of status at HTLV-I* 

code Non- sex disease symP-"s PCRl MO1rmlv Adherent cloning 
DNA sequence cell 

(Y-1 DNA 4 
analysis DNA 

01-12 44/M 10 sensory Remission + + + ++++ 2 

13-10 23/M 12 Diplopia Remission - 2 + ++++ 2 

10-02 21/M 3 -V Remission ? + + 
01-14 29/F 8 Diplopia Exacerbation + 2 + ++++ 2 

- - 

09-1920 36lF 12 Optic neuritis Progression - + + 
05-08 23/F 2 Useless hand Exacerbation - + + ++++ - 
ControIs - 1/20 - 0113 1113t 

*Bin@ m disrupted HTL.V-I virions. tAU patients had undergone cxaccrbation and remissions since the onset of disease, patient 09-1920 has had chronic progressive disease 
for thc last 4 ycacs. Patient 05-08 was trcand wth corticostcmids and ACTH; none ofthe other patients or conmls had been tmd. 
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hybridization with the probe. However, in 
some experiments (two out of four) these 
bands wuld not be visualized readily and the 
hybridization intensity was very low, mak- 
ing it virtually undetectable (see Fig. 2A, 
lanes 9 and 11). Similar results were ob- 
tained with the amplified env sequences 
(Fig. 2B) where, in two out of four experi- 

Fig. 2. (A) Representative gag se- 
quence amplification analysis of 
DNA isolated from lane 1, MT-2 PI 
cell line infkted ,th HTLV-I; b 
lane 2, peripheral blood lympho- 
cytes of a TSP patient 3-19-3; lane 
3, plasmid containing HTLV-I 
proviral genomes of HTLV-I; lane 
4, plasmid containing HTLV-I 

w 
proviral genome isolated from the 
TSP d e n t  3-19-3: lane 5. ML-2 f 

ments, we could clearly see an amplified 
band that wuld be hybridized to the enve- 
lope-specific probes (Fig. 2B, lanes 5,7, and 
9), whereas in the other two experiments 
such clear amplification could not be detect- 
ed by amplification and DNA hybridization 
(Fig. 2B, lanes 4, 6, and 8). This was 
circumvented as shown below by molecular 

cloning of the amplified sequences, when, 
regardless of the results of DNA hybridiza- 
tion, HTLV-I positive clones were isolated 
from all patients. Plasmid and phage DNA 
contamination of the cellular DNA prepara- 
tions wuld have posed a serious problem 
with the PCR technique and led to artifac- 
tual results. We ruled out this possibility by 
also carrying out the reaction with primers 
derived from plasmid and phage sequences. 

Of the ten amplified control DNA sam- 
ples from individuals of Swedish origin, one 
contained detectable HTLV-I sequences. 
The other nine samples were negative. All 
ten amplified control DNAs from the Amer- 
ican population were negative. The appear- 
ance of HTLV-I-related sequences in a nor- 
mal individual with no signs of leukemia or 
MS was unexpected and is being further 

cells f;ee of m o v i r i  infection; lane investigated. 
6, peripheral blood cells of a nor- We next molecularly cloned the amplified 
ma1 individual; and lanes 7 to 12, 
peripheral blood cells derived from the six MS patients under study. Lane 7, patient 09-1920; lane 8, 

sequences from the MS patients. The DNAs 
patient 01-12; lane 9, patient 01-14; lane 10, patient 05-08; lane 11, patient 13-10; and lane 12, patient were with the two primers, 
10-02. (B) Envelope gene amplification of DNA isolated from lane 1, ML-2 cell line; lane 2, MT-2 cell cleaved with the appropriate restriction en- 
line; lane 3, peripheral lymphocytes of aTSP patient 3-19-3; lane 4, patient 09-1920; lane 5, patient 01- zymes (Pst I and Xma I for gag sequences 
12; lane 6, patient 01-14; lane 7, patient 05-08; lane 8, patient 13-10; and lane 9, patient 10-02. The and sal I and K~~ I for sequences), and 
DNAs were used in amplification analysis, electrophoresed on 2% a g m  gels, transferred to a 
nitroceLIulose membrane, and hybridized with a 32P-labeled oligonucleotide probe (16). ligated to Bluesaipt vector DNA (Strata- 

gene) that was also cleaved with Xma I and 
Pst I or Sal I and Kvn I. Bacteria were 

Fig. 3. Restriction enzyme cleavage analysis of 
plasmid clones derived from the amplified DNAs 
(using gag primers) of the six MS patients. Lanes 
1 and 2, clones from DNA of patient 09-1920; 
lanes 3 and 4, clones from DNA of patient 01-12; 
lanes 5 and 6, clones from DNA of patient 01-14; 
lanes 7 and 8, clones from DNA of patient 05-08; 
lanes 9 and 10, clones from DNA of patient 13- 
10: and lanes 11 and 12. clones from DNA of 

transfbrmed with the libted DNA and posi- 
tive colonies were selected by hybridization 
with a nick-translated probe of HTLV-I 
proviral DNA or a labeled oligonucleotide 
probe (16). All six samples h m  all experi- 
ments had several positive clones whether 
amplification was seen by the DNA blotting 
technique or not. No positive clones were 

paacnt 10-02. Lanes 1,3,.5, 7,9, and 11 contain j f 8 observ~d fiom control DNA ligations. Four 
plasmid DNA cleaved with Pst I and Sma I while to six positive colonies from each sample 
lanes 2,4,6,8,  and 10 contain the same DNA5 I :,.$ 

cleaved with P a  I, Sma I, and Nco I. Lanes -. .a were colony-purified and the plasmid DNA 
- 77 

marked M contain molecular weight markers (YX was isolated. Restriction enzyme analysis of 
DNA digested with Hae 111). the purified DNA (Fig. 3) showed that each 

A wg-lg20 ............................................................ B 
Am-1 ............................................................ Am-1 ............................................................ Fig. 4. (A) Nucleotide 
pOl-~zG C C M ; G G G G C X G C ~ ~ c - ~ ~ ~ ~ ~ ~ - T A r r ( ; C C T A W V L C  60 Wl-lzE K G A C G C I C C A W T A ~ C C C C A ~ ~ T T A ~ \ T A C - ~ C I \ G C ~ ~  sequence analysis of the 

R G L A A H H W L N F L Q A A Y R L E P  D A P G Y D P I W F L N T E P S Q L P P  Sma I-Pst Igag fragment 
p09-1-20 ............................................................ 
A1K-l -------------------------------A---------------------------- Am-1 ............................................................ cloned from the ampli- 
p01-12G C C m C C I C C A W A W ~ C A C a ~ m C T T M m G C m A W  120 p01-12E C U C C G C C C C r r C ~ C T r C C C ~ ~ R A C C P A G L C C I \ C I \ r r C ~ G C C ~ A ~ C  120 fied DNA of one of the 

G P S S Y D F H P L K K F L K I A L E T  T A P P L L P . H S N L D H I L E P S I P  MS patients (01-12). 
@9-1920 ............................................................ 
Am-l ------m--------------------------------------------------- Am-l --------------------A--------------------------------------- The &quence differences 
p01-12G C A C C ~ T C T G r r C C I \ T T A l \ C ~ c T r C C n : C ~ b C ~ G C C P A C r r C ~ W T  180 €01-12E ~ ~ ~ C T C ~ O C ~ ~ W A l \ C C C T A ~ G U C T R A T T A T I I C T T  180 heen this ,-lone and 

P V W I C P I N Y S L L A S L L P K G Y  W K S K L L A L V Q L T L P S T N Y T C  

m9-1-20 ............................................................ that of . ATK- . 1 [see (16)] 
ic-: - -  ............................................................ - 1  ---------------------------*-------------<---------------- 
p01-12G A C C C C G G C C U Y : m ~ m T A ~ ~ T A C M ~ C W G C C C I \ W L r r C C G T  240 pol-12E G U T n : K ~ A T C G L K ~ G C C ~ I C C A ~ ~ C G ~ A T A C T C T C C ~ G  240 

are indicated on top of- 
P G R V N E I L H I L I P T P A P I P S  I V C I D R A : S L S T W H V L Y S P N V  the sequence; the de- 

a9-1920 ............................................................ duced amino acid se- =- -  ---- 
Am-1 ............................................................ Am-1 ............................................................ 
p01-12G C C U j r r C C G C G C ~ C C G C C G C C ~ r r C C C C I \ C C U C G L C C C C C C ~ T X ~ ~ C  300 pOl-12E T C P C P G T T r C I \ T ~ C T X T A C C C C C C r r C ~ A C C ~ r r ( ; T T A G C G C T X ~ G C C C  300 

quence is given below. 
G P A P P P P S S P T H D P P D S D P P  S V P S S S S T P L L Y P S L A L P A P  The seauence of clones 

@g-lg-O ............................................................ 
Am-1 ----------------------------------------C--------------T---- Am-1 -------------------lIIIIIIIIIII~TTTTTTTTTTTTTTTTTTTTTTTTTTT 

from f& other patients 
p01-12G AA~~KCCCCCICCCTA~:TTGAGCCTACM;CCCCCUUGTXTXCI\--CCCI\C 360 pOl-IZE C C ~ C C P W L C G T T ~ ~ ~ C C C A C C G C ~ ~ C C C C C A ~ T T C M G C T A T A G  360 (13-10, 10-02, 01-14, 

I P P P Y V E P T A P Q V L P V M H P H  H L T L P F N W T H R F D P Q I Q A I V  and 05-08) was identical 
wg-lg20 ----------------------------------------T------------------- 
Am-1 -------T-----T---------------------------------------------- Am-1 ............................................................ to this sequence. The se- 
w i - 1 2 ~  A T G G ~ ; C C C ~ C U K G C C ~ ~ ~ W L C C T A C A G G C ~ ~ ~ G  420 w - i z e  T C T C ~ C C C C ~ : T U L T I V L ~ C T C I \ ~ ~ C ~ ; ~ ~ C C ~ ~ ~ ~ C C ~ C C I \  420 quence of the clone from 

G A P P N H R P W P M K D L P A I K P E  S S P C H N S L I L P P F S L S P V P T  

p09-1-20 ........................................................... patient 09-1920 differed 
Am-1 ............................................................ - ----------- in one position which is indicated. (B) Nucleotide sequence analysis 
p01-12G A A ~ W G U G C C C C l W X A G C n : C C A G l T T A ~ G L C C I \ r r C G G C ~  480 p01-12E C C C T A W K C  431 Of&e Sal 1 and Kpn 1 went cloned from the amplified DNA 

V S Q A A P G S P Q F M Q T I R L A V P  L G S  

@--I920 ............................................ of one of the MS patients (01-12). The sequence differences 
Am-1 ............................................ 
p01-12G A ~ C C C C A m C @ A A G A C C X C A A G A C C T C C T ~ G  524 

between this clone and that of ATK-1 are indicated. The sequence of clones derived from five other 
Q F D P T A K D L Q D L L P  patients (13-10, 10-02,Ol-14, 05-08, and 09-1920) was identical to  this sequence. 
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Fig. 5. DNA amplification analysis with gag prim- 
ers of DNA derived from: lane 1, plasmid con- 
tainiig HTLV-I proviral genome; lane 2, MT-2 
cells infected with I-ITLV-I; lane 3, adherent cells 
from a healthy individual; lane 4, nonadherent 
cells from a healthy individual; lanes 5, 7, and 9, 
adherent cells from peripheral blood cells of MS 
patients 01-12, 01-14, and 05-08, respectively; 
and lanes 6,8,  and 10, nonadherent cells derived 
from the same MS patients as in lanes 5,7, and 9. 

gag clone released an insert of 530 bp when 
cleaved with Pst I and Xma I; this fragment 
could be hrther cleaved with Nco I into two 
fragments of 390 and 140 bp. Similarly, all 
envelope clones released an insert of 460 bp 
with Sal I and Kpn I, which could be further 
cleaved with Cla I into two fragments of 
260 and 200 bp. 

We analyzed the sequence of the gag and 
env inserts using a combination of the meth- 
ods of Sanger et al. (18) and Maxam and 
Gilbert (19) (Fig. 4, A and B). Five of the 
clones derived fiom the MS patient DNAs 
had identical gag sequences while a sixth 
clone differed in one position from the 
others (Fig. 4A). All six clones differed from 
the published sequence of a Japanese isolate 
(16) at six positions. The sequence of the 
HTLV-I clone derived from the MT-2 cell 
line (17) was identical to clone pol-12. 
However, the env inserts (Fig. 4B) con- 
tained at least two point mutations that 
differed from the ATK- 1 sequence (16) as 
well as from the clone fiom the MT-2 cell 
line. These mutations suggest that the 
HTLV-I provirus in the six MS patients, 
though similar in many respects to the classi- 
cal HTLV-I clone, differs at least in some 
positions in the envelope region. Such simi- 
larity between clones from MS patients is 
not surprising because of the high degree of 
sequence conservation between various iso- 
lates of HTLV-I. Recently, Tsujimoto et al. 
(20) cloned and sequenced the HTLV-I 
proviral genome isolated from a HAM 
(HTLV-I-associated myelopathy) patient 
of Japanese origin and found 99 to 100% 
nucleotide sequence homology in the cod- 
ing of regions with the published sequence 
of Seiki et al. (16). If one considers that all 
six MS patients were from the same geo- 
graphical location, and that highly con- 

served regions of m L V - I  were chosen for 
amplification, few differences in sequence 
would be expected. 

Studies of HIV-I-infected individuals in- 
dicate that monocyte/macmphage cell popu- 
lations are targets for virus infection (21, 
24, and in some patients these infected cells 
occur in brain tissue (21). To test whether 
the HTLV-I-related sequences were present 
in lymphocytes or nonlymphocytic cells, we 
cultured PBMC from four of the MS pa- 
tients and 13 healthy subjects in tissue cul- 
ture flasks for 18 to 72 hours, and separated 
the adherent and nonadherent populations. 
When the DNA from these cells was ampli- 
fied, the HTLV-I-related sequences were 
associated predominantly with adherent cell 
DNAs (Fig. 5, lanes 5, 7, and 9) in samples 
from the MS patients; nonadherent cell 
DNAs from these patients also contained 
low levels of hybridizable sequences (Fig. 5, 
lanes 6 and 8). When amplified sequences 
were cloned, both adherent and nonadher- 
ent cell DNAs were found to be positive. In 
contrast, the DNAs from the 13 normal 
subjects showed no hybridizing sequences 
under similar conditions (Fig. 5, lanes 3 and 
4). HTLV-I-related sequences in cells of the 
one healthy subject from Sweden were 
found only in the nonadherent lymphocyte 
population. 

An association between the occurrence of 
HTLV-I-related sequences in MS patients 
and the development of disease is implicated 
by our studies. It is possible that low-grade 
infection with HTLV-I or a related virus is 
more prevalent than previously suspected, 
particularly in those areas of the world 
where there is a high incidence of MS, such 
as the Shetland and Orkney islands. Since 
HTLV-I primarily infects T lymphocytes, 
and since the HTLV-I-related sequences in 
the MS patients were found mainly in adher- 
ent blood cells, some individuals may harbor 
a variant of HTLV-I that preferentially in- 
fects monocytes and macrophages. It would 
be interesting to determine whether these 
same cell populations in TSP and HAM 
patients contain sequences of HTLV-I or a 
related virus. 

We found no correlation between the 
presence of antibodies reacting with dismpt- 
ed HTLV-I virions and the presence of 
HTLV-I sequences at the time of blood 
collection. However, we cannot rule out the 
possibility that patients with positive se- 
quences may have shown an immunological 
response to the virus at some time. 

Recent data suggest that the HTLVs may 
exert their influence on a common set of 
cellular genes whose deregulation leads to 
CNS disorders. Henrichs et al. (23) found 
that transgenic mice containing the tax gene 
under the control of its own long terminal 

repeat developed tumors resembling human 
neurofibromatosis, a common single-gene 
disorder that affects the nervous-system. 
HTLV-I-induced disorders of the nervous 
system in experimental animals might there- 
fore prove useful in identifying cellular 
genes that act as targets for the action of 
genes such as tax. Prevention of neurological 
disorders in mice infected with murine re- 
troviruses could be achieved bv treatment 
with antiviral drugs such as azidothymidine 
(24), suggesting that similar treatments 
might be effective in some cases of chronic 
progressive myelopathies of humans. 

Note added in proof: Since this study was 
conducted one of us [M.S.-W. (25)] has 
obtained data using immunoperoxidase 
staining techniques which suggest the pres- 
ence of pl9gag protein in a small tiaction of 
PBMC from the six patients studied here. 
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Germline Transmission of Exogenous Genes 
in the Chicken 

Difficulties associated with in vitro manipulation and culture of the early chicken 
embryo have restricted generation of transgenic chickens to approaches that use 
replication-competent retroviruses. The need to produce transgenic chickens in the 
absence of replicating virus prompted development of a new method of gene transfer 
into the chicken. Microinjection of the replication-defective reticuloendotheliosis virus 
(REV) vector ME1 11 beneath unincubated chicken embryo blastoderms results in 
infection of germline stem cells. This vector contains genetic information exogenous to 
the chicken genome, including both the herpes simplex virus type 1 thymidine kinase 
gene and the Tn5 neomycin phosphotransferase gene. About 8 percent of male birds 
hatched from injected embryos contained vector DNA in their semen. All four positive 
males tested passed vector sequences onto their progeny. Analysis of GI offspring 
showed that gonads of Go male birds were mosaic with respect to insertion of vector 
provirus. Thus, primordial germ cells present in the unincubated chicken embryo 
blastoderm are susceptible to infection by defective REV vectors. 

G ENE TRANSFER INTO CHICKENS 

has usually depended on the use of 
replication-competent retroviral vec- 

tors (1-4); in part because it is difficdt to 
manipulate the early avian embryo or to 
grow the embryo in vitro (5,  6). Attempts to 
alter the chicken germline by gene transfer 
into developing follicles (7) or in vitro cul- 
tured early embryos (6) have not been suc- 
cessf~~l. Documented germline gene transfer 
results from injection of replicating virus 
into freshly laid unincubated eggs (2-4). 
Access to the embryo is easy just after 
ovaposition; however, the embryo has al- 
ready reached a stage corresponding to a 
n~mxnalian late blastula or early gastrula. At 
this time, the embryo consists of; thin layer 
of many pluripotent cells comprising the 
blastoderm (8, 9). In contrast, the ability to 
manipulate the early mouse embryo has led 
to success with a variety of approaches to 
gene transfer, including microinjection of 
DNA (10, 11), retroviral infection (12, 13), 

and the use of embryonic stem cells that can 
contribute to the germ-cell lineage of chi- 
meric mice (14-16). To generate transgenic 
chickens in the absence of replicating virus, 
we have developed a new method of gene 
transfer based on microinjection of nonre- 
plicating retroviral vectors into embryos of 
unincubated eggs. 

We used the replication-defective reticu- 
loendotheliosis virus (REV) vector ME1 11 
(17, 18) to infect susceptible stem cells pre- 
sent in the unincubated chicken embryo. 
Chickens do not contain endogenous REV- 
related proviruses that might interfere with 
detection of newly acquired pro\ T ~ r u ~ ,  ' even 
though REV can infect at least some somat- 
ic stem cells of the early chicken embryo (2, 
7). Primordial germ cells appear to  reside in 
the outer layer or  epiblast of the blastoderm 
(19-22). Since nonreplicating vectors would 
infect embryonic cells at about the time of 
injection, subsequent analvsis of adult blood 
and semen \vould show whether or not 

susceptible somatic and germline stem cells 
were present at this time. 

The ME1 11 vector lacks all viral structur- 
al genes and carries both the Tn5 neomycin 
resistance gene driven by the promoter of 
the REV long terminal repeat (LTR) and 
the herpes simplex virus type 1 (HSV-1) 
thymidine kinase (TK) gene (17). C3 helper 
cells generate stocks of ME1 11 with titers of 
about lo4 TKTU per milliliter (TK trans- 
ducing units) (1 7). sequence comparison of 
the competent parental helper virus, packag- 
ing defective helper proviruses, and the vec- 
tor provirus is shown in Fig. 1. Cells and 
vector were grown and harvested as previ- 
ously described (1 7, 18). Ten-microliter vol- 
tunes of vector-containin cell culture media " 
were injected through the area pellucida into 
the subgerminal cavity of the blastoderm of 
unincubated eggs (23). Eggs were resealed 
and allowed to hatch (24). DNA from blood 
and semen of mature birds was analyzed for 
the presence of integrated proviral vector. 

A total of 2599 eggs were injected, of 
which 38% hatched. DNA from the blood 
of 760 hatched chicks was analyzed by liq- . . 

uid hybridization with a vector-specific 
probe (2.5). Of these, 173 chicks contained 
vector sequences. Of 82 males whose blood 
was positive, 33 males also carried vector 
sequences in their semen. DNL4 blot analysis 
(26) of blood (27) and semen DNA con- 
firmed integration of vector provirus. Re- 
striction endonuclease fragments of DNA 
specific for replicating REV were not ob- 
senred. Long-term culture assays (28), used 
to test for low levels of virus, detected 
competent REV in 2 of 14 Go birds with 
vector-positive blood. Sires and progenv 
described in this report were judged to be 
virus-negative by the same method. Vector- 
positive semen from four males was used to 
Inseminate control females. All four trans- 
mined vector sequences to G I  progeny at a 
frequencv that varied from -2% to 8%. 
These results confirm vector-mediated infec- 
tion of primordial germ cells present in the 
unincubated chicken embryo. 

DNA blot analysis of proviral genome 
organization in Go vector-positive semen 
and in blood of vector-positive G1 progenv 
is shown in Fig. 2. Lanes 3 to 5 in Fig. 2A 
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