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Monocytoid cellline, its production and method for infection with virus,
especially HIV.

The invention is concerned with novel cell lines adapted
especially for culturing and studying retroviruses capable
of infecting the cells of these cell lines. Among the
retroviruses contemplated may be mentioned HIV (Human Imnuno
Deficiency Virus). Various isolates of HIV have previously
been designated LAV (Lymphoadenopathy Associated Virus),
HTLV=-III (Human T Lymphotropic Virus III) and ARV (AIDS-

associated Retrovirus).

In the case of AIDS (acquired immune deficiency syndrome) it
appears that the principal immunological abnormality resides
in a quantitative defect in the helper T cell subset expressing
the T4 antigen on the cell surface. A selective T4 cell
tropism of various HIV isolates has been demonstrated in
vitro. Virus replication and high reverse transcriptase
activity have been observed in populations of T4 cells but-
not in the corresponding T8 cells (11). Blocking experiments
with monoclonal antibodies to the T4 and T4A antigens (12,
15) and inhibition of syncytia formation of VSV (HTLV-III)
pseudotype virus (3) have indicated that the T4 antigen or a
part thereof constitutes an important component of the HIV

receptor.

Data from some laboratories, however, show that the HIV

virus is also able to infect some cell types of non-T
lymphoid lineage. Hybridizations have revealed the presence
of proviral DNA in brain cells of AIDS patients (26).
Electron microscopy has shown the presence of virus particles
in follicular dendritic cells (30) and in macrophages (6).
Virus has been isolated from peripheral blood monocytes (9)
and alveolar lung macrophages of HIV infected individuals.
Infection in vitro of monocytes by HIV has been described
(34) .

Infection in vitro with various HIV isolates. has been
reported in the case of (a) a malignant glioma cell line (2)
and (b) B cells carrying the Epstein-Barr virus genome
(16, 22). The infection is evidently latent in glioma
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cultures while'B—celis éllow'viIUS replication. Furthermore,
the promyelocyﬁic cell line HL-60 and thé'monocytid'line
U-937 (ATCC CRL 1593) have also been infected with the ARV
isolate (13). Productive HTLV-III infections of normal
peripheral blood'monocytés'haVe been demonstrated repeatedly
(4 9). Within a short time interval the spectrum of cell
types that can be infected by HIV'has been broadened.

For culturing HIV in vitro it has been proposed in the

patent literature that (i) a neoplastic aneuploid T cell

line (33) and (ii) a lymphoblastoid B cell line (32) should
be,employed.-As regards (i) the subclone H9 has been mentioned

as a preferred cell line.

In an International Type Search Report the Swedish Patent
Office has.cited references 3, 13 and 34 as being of parti-
cular relevahcé. References 9, 33, 35 and 36 have been c1ted

as deflnlng the general state of the art.

The object of this invention is to provide means for
promoting the understanding of diseases caused by viruses
which are capable of infectingrmonOCYtoid cells. Among
viruses contemplated in this context may be noted in
particular certain retroviruses such as HIV. The invention
thus provides cell lines (cell populationé) the cells of
which can be infected in vitro by the virus in question and
consequently are pqtentiallyrutilizable-ALSO for virus
production'in vitro, and furthermore for studying i.a. the
AIDS pathogenetic,mechanism on a'ceilularrlevel and for
studying the-manner'in which drugs will affect the course of
the disease. A first aspect of the'iﬁvéntion comprises the
cell lines as such, a second aspect comprises the 7
deveiopmént of ‘said celi lines, and a third aspect comprises
the use of éaid cellrlines'for"iﬁ'vitro infection and
optlonally large-scale productlon of the virus. As a further
aspect may'be mentloned ‘the virus- -infected cell line in
ltself which may be an excellent dlagnostlc tool (e. .g. in

rad101mmunoprec1p1tatlon)‘
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The cell line of the invention is a stable subclone c¢f a
monocytoid wild type and %s capable of unlimited growth in
vitro. The cell lines are characterized in that T4 antigens are
expressed on the surface of at least about 5 %, e.g. more than
10 ¢, of the cells of the population. The preferred forms
thereof can be infected productively. Other characteristic
features reside in that class II antigen and Fc receptors may
be found present as cell surface antigens on at least some of
the cells of the population. These characteristics can be
demonstrated if the cell lines of the invention are studied
under the conditions set forth in the experimental portion of

this application.

The cell lines of the invention are potentially obtainable by
cloning monocytoid cell lines which are derived from cancer
tissue and are capable of unlimited growth. As an example may
be mentioned U-937 which is of histiocytic origin. It was
described for the first time by Sundstrdm and Nilsson (28) and
has been deposited at the ATCC as No. ATCC CRL 1593. Examples
of the cell lines of the invention (clone 1, 2 and 16) have
been deposited at the European Collection for Animal Cell
Cultures, Salisbury, England; they have been given the prelimi-
nary designations of clone 1 86121901, clone 2 86121902 and
clone 16 86121903. Redeposits have been made and given the .
designations 87100805, 87100806 and 87100807, respectiyely. They
have been accepted to be in accordance with the Budapest Treaty
of 1977. U-937 is cytogenetically abnormal. Studies of its
karyotype have shown that its chromosomal alterations are
progressive. Detailed studies of the chromosome complements in
the cell lines of the invention are currently under way and are

expected to show that every clone has a distinct karyotype.

The cloning technique employed is known per se. We have
conducted cloning successfully in agar gel. Potentially
other techniques too may be employed, such as the so-called
limiting dilution technique where the clone cells have been
allowed to grow independently of one another. After cloning
the proliferating clones fulfilling the characteristics of

the present invention are selected. The scope of the invention °
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of course comprises also such cell lines as are obtained
upon recloning of subclones that have been obtainedrinﬂa

first cloning of the wild type.

Most of the clones obtalnable from the preferred wrld tvpe
U-937 will form stably virus-producing lines after viral
1nfectlon - thus differing from H9 and other T cell lines
which show much varlatlon in respect of their virus productlon.
The clones preferred according to the 1nventlon, that 1s,
those having a hlgh,T4 content (e.g. clone 16) may have all
the propertles lnherent ln a "classrcal" virus-cell line
where the v1ral 1nfectlon results in the production of a
large amount of’ v1rus, with subsequent death of the cells
(=cytopatnogenlc,effect); As a consequence it is possible to
predict when the  large amounts of virus will be released;
this is an -important prerequisiteifor‘large-scale production.
Thus immediately before their death the cells are converted
to "virus factories" with a large_amount of viral antigen
‘which can easily be tagged by isotope labeling and then be
used in'radioimmunoprecipitation procedures.

 In the cell lines of the invention, the percent amount of
cells possessing T4 antigen (= T4 content) may vary from as
low as 5 % up to 100 % or just below 100 %, e.g. 95 %. The
cell: lines preferred for virus production, i.e. those
glVlng a productrve infection, will preferably have a T4
contentleXceeding 50 %, as e.g. exceeding 60 or 70 &
although cell lines expressing lowerrTé-content may also be

- used. '

The cell,lines of the invention are cultured in vitro in a
medium such as is.commdnly employed for U-937 or in some
other'medium resulting in Satisfactory growth. Infection of
the lines is performed in a manner such as in common practice
in the case of each particularrﬁirus employed, the cell line
being'exp05ed to a suitable virus inoculum, for instance

HIV. In some cases:a'practical expedient may reside in that,
some days after the addition‘ofrthe first ?irus inoculum to
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the cell line, fresh cells are added which are uninfected
and have properties as according to the present invention.
Cell lines having a T4 content of less than about 50-60 %
are suitable in the first place for studies of the virus-
cell interaction. From virus-producing cell lines it is"
possible in a manner known per se to isolate the virus,
purify it and if desired also subject it to fragmentation
and derivatization. The virus products obtained may be used
for developing drugs for the treatment and prevention of the
corresponding virus infection, e.g. vaccines, and/or for
developing reagents for immunochemically assaying the virus

and/or corresponding homologous antibodies.

The invention is defined in the attached claims which form

an integral part of the specification.

The invention will now be further illustrated by way of the

scientific work underlying the invention.

ExamEle 1

Materials and Methods

Cells: The U-937 cell line derived from a histiocytic
lymphoma (28) was grown in RPMI 1640 or F-10 supplemented
with 10 % fetal on new born calf serum and antibiotics
(penicillin 100 IU/ml, streptomycin 50/ug/ml). The cell line
has been kept in continuous passage since its establishment
in 1976 and has retained the basic phenotype corresponding
to that of an immature monocyte. The cell line is inducible
by various agents to phenotypic alterations similar to those
of normal monoblasts undergoing differentiation (5, 19, 20).
U-937 thus expresses monocytic cell markers with a high
degree of accuracy also when induced to further differentiation,
and therefore appears to be a very useful model for human

monocytic cells (19, 20).
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Establishmeht'of U-937 clones by-agé:ose'clonigg: Cells

(1 x 103)—were spread evenly in 35 mm petri dishes (Falcon,
Oxnard, Ca,1USA).'The dishes contained a bottom layer of
Ham's F-10 together with 10 $ FCS (GIBCO EUROPE, United
Kingdom) , glutaminer(Z mM),:penicillin’(lOO IU/ml) , strepto-
mycin (150 /ug/ml) and a final,concentratidn of 0,5 %
Agarose A (Pharmacia AB, Uppsala, Sweden).

Thé top layer (1 ml) in which the cellé wére‘spread_out
contained the same medium but With a final cqncentration of
agarose of 0.33 %. The petri dishes were incubated for 2-4
weeks in a humified atmésphere (5_%;C02 in air) at 37OC;
During this period the petri dishes were observed for clonal
growth of U-937 cells. Suitable clones were picked and the
cells were transferred into 96-well plates and later into
24-well plates (Félcon) for further expansion. Two experiments

yielded a total of 16 clones.

Fivé clones'(Clonesrl, 2, 3, 4 and 16) showing differences
inter se in T4'antigen expression wére selected and further
characterized withrreépect to a number of other markeérs. T4
and HLA-DR antigeﬁs were studied by flow cytometry using
monoclonal antibodies directed against the antigens in
question (Becton-Dickinson, Monoclonal Center, Mountain

View, Ca.'(lQ)).ch'receptor expreséion was determinéd using -
IgG coated erythrocytes, Selected éytdplasmic enzyvme markérsr_

were studied by cytochemical techniques (29).

Virus infection: Celi-ﬁree mediﬁ@ from an H9 cell culture

infected with HTLV-IIIB was ﬁsed as the source of virus.

1 x 106 éells were reSuspended in 1 ml:of virus, incubated,r
for 60 minutes at 37°C and resuspended in 5 ml of 10 % RPMI
medium with 2 /ﬁg Polybrene (PB = l,Sfdimethyl-l,S-diazaﬁndeca-
methylene-polymethobromide, Sigma, USA) and antibiotics.
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Blocking of infection with the aid of monoclonal anti-T4

antibody: The IgG monoclonal anti-T4 antibody (19B5D7)
employed had been provided by Dr Ellis Reinherz, Boston,
Mass. Cells (2 x 105) were incubated with 2.5 Jug or 12.5 /99
anti-T4 antibody in a total volume of 75 /49 RPMI medium for
20 minutes at 37°C and washed once with said medium. The
cells were then resuspended in 125 /ul of virus dilutions
and incubated at 37°C for 60 minutes. Following incubation
the cells were washed once more with the medium and re-
suspended in 10 % RPMI medium containing 2 /ug/ml PB at a
concentration of 105 cells/ml, and cultured in 24-well
plates. Anti-T4 antibody at a concentration of 1.25 /ug/ml
and 6.25 /ug/ml, respectively, was present for the first 4
days but removed later. The medium was harvested twice a

week for reverse transcriptase (RT) determination.

Determination of reverse transcriptase (RT): Enzyme activity
was measured in a solution obtained by ultracentrifugation

of the culturing medium and dissolution of the thus resultant
pellet in 0.3 % Triton X-100. The reaction mixture (100 /ul)
contained 50 mM Tris pH 8.0, 160 mM KC1l, 4 mM dithiothreitol,
6.2 mM MgCl,, 25 ,uCi/ml ’5-TTP (50 Ci/mmol), 100 ,ug/ml
bovine serum albumin (BSA), 2.5 /ug/ml oligo-dT,,_ ;g and

2 /ug/ml poly A.

Southern blotting (27): 10 mg of chromosomal DNA were
isolated, cleaved with Sac I, electrophoresed on 0.8 %
agarose gel, blotted onto nylon membranes and hybridized
with a 32P labeled probe. Cytoplasmic DNA was prepared using

the Hirt procedure (8), normalized to mitochondrial DNA and

run on 0.8 % agarose gel, then transferred to nylon
membranes, and hybridized with a 32P labeled probe.
Hybridizations were done under stringent conditions using
3 x SSC (175.3 g NaCl and 88.2 Na citrate per liter of
water, pH 7) at 68°C and 5 x 10° cpm/ml of labeled probe.
Washing conditions were 0.1 x SSC at 68°C for all blots. The
probe employed was pBH10-R3 (7) which had been provided by

Dr R C Gallo (NIH, Bethesda, USA).
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Resdlts

Cell marker prdfiies of the parental cell line and subclones:
The originél—cell line U-937 and its subclones were different
in respect of their relative expressions of HLA-DR, T4 7
antlgen, Fc receptors and enzymes (Table 1). It is partwcularl
worth noting that thérparental line (wild type), clone 4 and :
clone 16 represent extremes with respect to T4 expression.

The parental line:énd cioné 4 cultures contained T4-positive
cells in an'amouﬁt of less than 10 % whereas 95 % of the

clone 16 cells were T4-positive. All other clonai lines
assumed an intermediafy position with 50-70 % T4—positive
cells.

HLA-DR and Fc receptors'showed a tendency for co-expression;
The frequency'ofVCélls positive for both HLA-DR and Fc
receptors was highest in clones 1 and 2, whereas both
markers were less frequent in the pafental cell line U-937"
and clone 16 populatlons. Wlth respect to growth propertles,
morphology, phagocytic actlv1ty, capacity of functlonlng as
killer cells in antlbody-dependent cellular cytotoxzcmty,
assays and expression of the mdnddyte—associaﬁed surface
antigens defined by'thé'M3 and OKM1l monoclonal antibodies nb,
differenceé couldrbe demonsfrated bétween the cell lines

studied under the cultufe conditions employed.

Infection of parental line and subclones with HTLV-IIIB:
All cell lines could be infected with the HTLV-IIIB isolate
(Table 2). However, the lines showed great differences with

respect to the time required for virus production and in
respect of their sen51t1v1ty to the cvtopathlc effect of
the virus (syncytla formation and cell death).

The parental U-937 and clone 4 showed a similar pattern. No
~ RT activity was detected in'culturé fluids of U-937 during
- thé first six weeks folloWing virus infection.'In-fact the

cultures became'RT-pbsitive only two months after infection

and then remained positive during the entire period of

- continued culturing (more than one vear).
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Infection of clone 4 cells was more difficult than infection
of the parental line cells since the dose of virus that
resulted in a virus-producing infection of all other cell
lines (150 x 103 cpm in RT activity) failed to productively
infect clone 4. During the entire observation period (three
months) clone 4 remained RT-negative. However, a ten times
higher dose of virus (RT activity 1800 x 10° cpm) yielded a
virus producer culture within one week. Clone 4 cells were
thus more difficult to infect than the parental line but
this difficulty could be overcome by a higher dose of virus
for infection. The parental line and clone 4 were similar in
that no or only a marginal cytopathic effect with occasional

syncytia formation could be observed in infected cultures.

Among the U-937 subclones, clone 16 was the most sensitive
to infection with HTLV-IIIB. RT activity and cytopathic
effect were demonstrable already six days after infection.
Virus replication and cell lysis were however so pronounced
that the cultures died out entirely. It was not possible to
obtain virus producing cell lines even when fresh uninfected
cells were repeatedly added to the infected culture: With
respect to sensitivity to HTLV-IIIB infection, clones 1, 2
and 3 represented intermediates between the two extremes
i.e. the parental line and clone 16. In cultures of clone 2
cells the cytopathic effect and RT activity appeared within
10 days after infection. Unlike clone 16, addition of
uninfected clone 2 cells led to the establishment of a
stable virus producer cell line one month later. Clone 2 has
during the priority year been recloned and one of the cell
lines then obtained (clone 2a) is an even better

producer of HIV, showing a minimum of cytopathic effect.
Clones 1 and 3 were less sensitive than clone 2 to the
cytopathic effect of the virus. A transient cytopathic
effect was observed three to four weeks after infection when
the cultures were already producing virus (RT-positive
culture broths. In the case of clone 1 addition of fresh
uninfected cells was not necessary for establishing a stably

virus producing cell line, whereas clone 3 did require such
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an’addition in'order to compensate for oell death. All lines
except clone 16, have remained stable virus producers for '
periods extendlng from six months and up to more than a
‘'year. None of them have shown any cytopathic effect durlng

this period.

Presence and state of HTLV-IIIB DNA in Uf937 parental cells

“and subclones: Southern blot analyses of Hirt lysates showed

that all infeCted cell lines containedVunintegrated‘proviral
HTLV-IIIB DNA of the linear form. Some cell lines (clones 16
and 4) moreover contained still another type of proviral
DNA, probably superhelical (supercorls) composed of unit
lengtns of circular DNA (unit length circles). Several faint
‘bands, in addition to therekpected;bands, could be seen;
they appeared only after a prolonged period of exposure.
Presumably-they represent defectlve forms or Varlants of the
HTLV-IIIB prov1rus. ' '

The cell lines dlffered -in the number of free genome copies
present in- the cytoplasm of lnfected cells. An estimation of
thernumber—of coples could be made ln that serial dllut;ons
of the 9 kb fragment inserted by means of SacI into pBHIO-R3
were compared,with the high molecular Sacl fragments of the
infected cells or with Hirt lysate DNA. Clone 16 cells
contained approx1mately 100 coples per cell whereas the
parental llne contalned about one copy per cell, as did the
T cell positive control (H9). The other cell lines were '
intermediate'with'respectrto their contents of copies. The
highest molecular weight band (> 12 kb) probably,represented
HTLV-IIIB DNA that had,penetrated into the mitochondria.
Proviral DNA could not be demonstrated to be present in

uninfected clone 16 cells.

High moleculer DNA'that had been digested withiSaCI showed

mainly two bands representing DNA integrated from HTLV-IIIB.
Each-cell'line that had been infected contained approximately
one to five integrated copies of proviral DNA from HTLV-IIIB.
Two fragments of 5.5 and 3.5 kb resp. correspondedrto '

provirel,DNArcontaining an internal SacI site as well as
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SacI sites from proviral LTRs. All these bands were to be
found also in the infected T cell line employed as control.
(Molt-3). The uninfected clone 16 cells were negative with

respect to the integrated form of proviral DNA.

Blocking of HTLV-IIIB infection by anti-T4 monoclonal
antibody: Clone 16 was chosen for blocking experiments
because of its high proportion of T4 positive cells and its
extreme sensitivity to lysis by HTLV-IIIB. The H9 cell line
served as a T cell control. The results of two experiments
are shown in Table 3. For obtaining the blocking effect it
was very important that virus infection followed immediately
after treatment of the cells with antibodies. The H9 cells
started to produce virus 32 days after infection with a

1:100 dilution of virus. Preincubation of the cells with

12.5 /ug of anti-T4 antibody blocked infection completely.
2.5 /ug of antibody on the other hand d4id not have any
effect. If clone 16 cell cultures were infected with the

same dose as that empioyed for the H9 cells (1:100 dilution)
they produced virus already on day 15. Larger virus doses
(1:100 dilution or undiluted) gave rise to virus production
already on day 8. With 12.5 /ug of anti-T4 antibody, infection
with undiluted virus could only be delayed without being
blocked completely; whereas infection with lower doses of
virus could be blocked completely even with 2.5 /ug of
antibody. These results thus show that the epitope recognized
by this particular antibody is important for the recognit.on

of the cell surface by the virus.

Examgle 2

Radioimmunoprecipitation assay (RIPA): Antibodies to virus-

related proteins were identified by RIPA (the antigen was

33 S-cysteine labeled lysate from infected cells) (17). Clone
16 and the human T cell line HUT-78 were used for preparation
of antigen. Clone 16 (107 cells) was thus infected with
HTLV-IIIB which had been obtained from R C Gallo (reverse

transcriptase activity was 300 x 103 cpm). The infected
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cultures wére monitored for cytopathic changes, reverse
transcriptase éctivity (1) and viral antigen ekpreSsidn by
means of immunofluoréscence with monoClonal antibodies
directed agaiﬁst pZ4 and pl9 which in turn were detected by
rabbit’anti-mousé IgG labeled with fluorescein isothiocyanate
(Dakopatts, Glostrup, Denmark); The culturés were isotope
labeled 7 days after infection when a pronounced cytopathic
effect was’ ev1dent and about 90 % of the cells expressed
~viral antigen. ' '

After étarvatidn.in the labeling'medium (cysteine-free RPMT
1640) for 30 minutes the clone 16 cells and uninfected
control cells were exposed to 0.5 mCi 355 cysteine (New -
England Nuclear Research Products, Bcston,-USA)rin~37ml,of
freshly added cysteine-free medium for six hours, or to 1.0
mCi of D(653H)-qlucosamine (New England Nuclear Research
Products) in glucose-free RPMI 1640 medium for 12 hours.

- Labeling of the HUT=-78 cells was pérfOrmed in a similar way,
with a labeling period of 12 hours;-Afté: their metabolic
labeling the cells were washed three times in ice—éold PBS,
and a soluble cellular lysate was produced by disruption of
the cells with 1 ml of RIPA buffer (25) (0.14 M NaCI, 0.001
M dithiothréitol 0. 01 M Tris HCL pH 8.0, 0 035 % phenyl-
methyl sulfonyl fluoride, and 0. .5 % NP 40) followed by
centrlfugatlon for 15 mlnutes at 15 000 g.

AliquotS‘of 10-307/ul'£r0m'the above supernatént (corre-
sponding to 105 cpm) Were incubated overnight with 4 /ul 7
serum samples. Immune complexes if formed were left over-
night to bind in the cold to 6 /99 of protein A—Sepharose
(Pharmac1a AB, Uppsala, Sweden), then carefully washed
(three times in 0.5 M NaCl, 0.001 M EDTA, 0.02 M Tris HCl pH
7.6, 1 %fsoaium deoxycholate and 30 & Sucrose,'and_once in
0.01 M Tris HCl pH 7.6), dried, resuspended in sample buffer
(3 3 SDS, 1 M urea and 3 % alpha—mefcaptoéthanol in 1 M
Tris-H, PO, pH'6.8),rana boiled for three minutes. The .
samples were analyzed by PAGE on 9 to 16 % polyacrylamide
gradient gels’with'éxz,zs % stacking gel. The gels were
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fixed for 1 hour in a solution containing 30 % methanol and

10 % acetic acid, soaked in Amplify (Amersham, Buckinghamshire,
England) for 20 minutes, dried and exposed to film (XAR-30,
Kodak) for 3-7 days. A 14C labeled protein mixture (phos-
phorylase b 97,000, BSA 69,000, ovalbumin 46,000, carbonic
anhydrase 30,000, lactoglobulin A 18,500) was run parallelly

on each gel as the molecular weight reference.

Results

Six virus-specific proteins could be distinctly identified
with the aid of HTLV-IIIB-positive sera. These were gpé60,
gpl20, pr55, gp4l, p24, pl9. As regards pr55, this protein
occurred in variable amounts in different batches so it was
not subjected to further study. None of the proteins could
be detected by immunoprecipitation of uninfected cell
lvsates or by sera not containing HIV-specific antibodies.
Antibody-positive control sera with reactivity to several
HTLV-IIIB encoded products precipitated the corresponding
proteins from virus-infected cells of both clone 16 and
HUT-78. The number of bands was the same for each of the two
cell types, but the best quality of the precipitates was
obtained with clone 16 because cellular proteins from this

clone were labeled to a very minor extent.

An explanation of this phenoﬁenon may be that infection of
HUT-78 gives a continuously virus producing cell line, while
the virus is lethal for clone 16 cells. With 3H-—glucosamine
labeled antigen two proteins having molecular weights of

160 Kd and 120 Kd could be precipitated. In antigen labeled
with this substance the presence of gp4l could not be
demonstrated by means of positive sera; but on the other
hand such demonstration was readily feasible with the aid of
monoclonal antibody directed against gp4i (gift from R C Gallo).
The identities of pl9, p24 and their precursors (pr55 and
gp4l for p24) were also checked by using monoclonal anti-

bodies.
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In addition to the six proteins discussed above, some of the
patient sera prec1p1tated proteins of 23 Kd and 27 Kd, these

belng the products of the sor and orf genes.

DISCUSSION

Example 1: Our reeﬁlts ehow that cells of human monocytoid
origin can be infected with HTLV-IIIB and long term producer
cell lines can be established. The T4'antigen.seems to be
crucial for enabling HTLV-IIIB to bind to the surface of

: monocytdid cells} since infection of one of the subclones
r(clbheflG) cen be blocked by preincubating the cells with
anti-T4 antibodies. Intereetingly;.the T cell leukemia cell
line H9 requires a higher concentration of anti-T4 anti--
bodies for.blocking the infection than does the monocytoid
cell line. The results indicate a close similarity between
the HTLV-IIIB receptors on lymphoid and monocytoid cells
eventhough receptor'denSity may be lqwer'in the monocytoid
cell line than in the T cell line. Our results also show .
that the higher the precentage of T4-positive cells in a
cell culture, the higher will be the susceptibility to
HTLV-IIIB infectien, Susceptibility is reflected by short
latency periods before virus production has got started,'andf
by the strength bﬁ_thezey;ogathic effect in the cell culture.
In full conformity with the low T4 expression in the parental
line (U-937) and in clone 4 it took éwo months to estébliSh
a productive infection or, alternatively,za,massive virus
inoculum had to be used. None of these cultures showed any
cvtopathic effect at'anyrtime;'Clone 16 on the other hand
was so sensitive to leis that ho viruS*producing line could
be established in splte of refeedlng the culture with fresh
uninfected cells. Interestingly, clones 1, 2 and 3 are
similar in T4 expression (50-60 % in the cases of 1 and 3;
60-707%'in the cese of 2), yet—the'extent of lytic effect
and virus replication is most pronounced in clone 2. Since

the subclones of U-937 appear to represent cells frozen at



WO 88/04687 PCT/SE87/00628

- 15 -

different levels of monocyte differentiation they may also
differ in their ability to modulate T4 expression after

viral infection.

Example 2: It is inferrable from the results obtained that
the cell lines of the present invention may offer major
advantages for the production of viral antigens which are

useful for detecting HIV-positive sera.

Table 1

Selected markers for U-937 and for five of its subclones.

Enzyme
Cells HLA-DR* T4* Fc-receptors*¥* activities***
Parental + <10 % 35 % +
Clone 1 ++ 50-60 % 100 ¢& +++
.Clone 2 ++ 60=-70 % 100 % +++
Clone 3 + 50-60 % 50 % +
Clone 4 + <10 % 50 %
Clone 16 + >95 % 15 % +
* The HLA-DR data have been obtained using BD-anti-DR

FITC in FACS. ++ = all cells highly positive. + = a few
positive cells of the same intensity. as the average ++
cells but the majority being negative. Figures for T4
are expressed as % positive cells in membrane fluor-

escence using anti-OKT4 antibodies.

* % Fc receptors for IgG are expressed as % of cells making
strong and distinct rosettes with IgG-coated SRBC.

*** Egterase (NASDAE), collagenase, elastase, lysozyme. The

intensity of histochemical staining was scored in the

light microscope as -, +, ++ and +++,
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Table 3
Blocking of HTLV-IIIB replication by anti-T4 antibody.

Dose of Days after inoculation until signs
Cell anti-T4 virus, of virus infection appear
line /g dilution 8 11 15 32
H9 0 1:100 0.2%%* 1.06 64.2
2.5 1:100 0.3 0.4 0.3 10.9
12.5 1:100 0.3 2.3 0.8 0.6
U=-937
clone 16 0 undil. 14.0 729.6 CPE***
1:10 15.0 CPE
1:100 0.4 2.8 5.8
2.5 1:10 0.3 1.8 0.6
1:100 0.5 1.8 0.5
12.5 undil. 0.7 75,1 113.8
1:10 0.3 1.4 0.3
1:100 0.6 2.4 0.4 -

* undiluted = 4 X 105 cpm/ml

** Reverse transcriptase activity x lO3 cpm. Values 10
times over background were considered positive
(underlined)

*** cell culture destroved by cytopathogenic effects
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CLAIMS

1. Cell line of monocytoid cells capable of unlimited
growth in vitro, characterized by being a subclone of a

monocytoid wild type.

2. Cell line according to claim 1, characterized by

having a T4 content of more than 5 &.

3. Cell line according to claim 1 or 2, characterized in

that the wild type is U=-937.

4, Cell line according to any of claims 1-3, characterized
in that the T4 content exceeds 50 %.

5. Cell line according to any of claims 1-4, characterized
in that the cell line can be infected with virus,

especially HIV,

6. Cell line according to claim 5, characterized in that

the infection is conducive to a productive infection.

7. In vitro method for infecting cell lines capable of
unlimited growth for the production of virus particles
and fragments thereof, characterized in that cells of a
subclone of a monocytoid wild type are infected with
virus, said subclone having a stable T4 content,
preferably exceeding about 50 % and its cells being

capable of giving a productive infection.

8. Method according to claim 7, characterized in that the

subclone infected is a subclone of U-937.

9. Method according to either of claims 7 or 8, characterized
in that HIV is employed for the infection.
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10. Method in producing cell lines capable of unlimited
- growth in vitro and of being infected by virus,reséecially
by HIV, characterized by cloning in a manner known per
'sera'wild type of a monocytic,cell line,-followed by
~selecting and recovering proliferating clones which
have a T4 content exceeding 5 %, preferably exceeding
50 %. '

11, Methqdeaeco:ding to claim 9, characterized by cloning
U-937. ' '

”,
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