Expl. Cell Biol. 49: 177-184 (1981)

Interactions between Human Lymphoblastoid Cells and Human
Fibroblast Feeder Layers in vitro
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Abstract. Lymphoblastoid (LB) cells interact in vitro with human fibroblasts. Cell com-
plexes can be dissociated by trypsin treatment. Binding on fibroblasts is higher for Epstein-
Barr virus-producer LB cells than for nonproducers, and depends on the origin of the fibro-
blastic cells. Stromal fibroblasts isolated from a metastatic lymph node tumor exhibited a
highly increased potency of binding LB cells in comparison with fibroblasts isolated from
normal breast epidermis or the primary breast tumor from the same patient. After a 10-hour
interaction period, LB cells undergo abnormal divisions giving rise to the formation of *mini

cells’.

Introduction

Any change in the behavior of a cell inter-
acting with other cells reflects an acquired
property which may be correlated with mor-
phological and functional alterations such as
those occurring in malignant growth [1]. Ef-
forts have been made to establish in vitro
methods to study cell-to-cell interactions in
relation to cancer [2-8].

Although the function of fibroblasts is not
limited to that of a *feeder layer’ [9-16]. their
interaction with other cell types has not at-
tracted extensive investigation. As fibroblasts
are often used to support growth of lympho-

blastoid (LB) cells [9, 10. 17]. we examined
and report here cell-cell interactions between
these two cell types.

Materials and Methods

Cell Lines and Culture Methods

G-EP. G-BC and G-L finite cell lines originated
from a 64-ycar-old female paticnt with breast ductal
infiltrative adenocarcinoma. grade 111 and extensive
lymph node meiastases. Tissuc specimens werc asepli-
cally removed during surgery. The patient had not
recceived any chemotherapy or radiotherapy before
surgery. G-EP cells were produced by trypsin dissocia-
uon from an explant of normal breast cpidermis: they
arc fibroblast-like cells with normal karyotype and

137.111.162.20 - 1/15/2020 7:18:14 PM



178

Dclinassios/Kottaridis

exhibit intense contact inhibition of growth. Thesc
propertics have remainced stable until now. 22 months
after their isolation. At the 19th passage. the doubling
ume of G-EP cells was 55-60 h. G-BC cells were pro-
duced by trypsin dissociation from a sample of the
solid primary tumor. They formed multilayers con-
sisting of a mixture of large fibroblast-like cells and
medium size cpithelial-like cells (about 10% of the cell
population). A high proportion of ancuploid (about
60%) and polyploid (about 17%) cells was also ob-
served. At the 1 1th passage. the doubling time of G-
BC cells was 75-80 h. G-L cells were produced by
trypsin dissociation from a sample of a metastatic
nodule in a lymph node. The G-L cells were long spin-
dle-like in appearance with irregular orientations on
the glass or plastic surface. Periodically they formed
large cell piles, even if they had not covered all the
available surface. The proportion of ancuploid cells
was about 20% and that of polyploid cells was about
14%. At the 20th passage. the doubling time of G-
L cells was 55-60 h. G-BC and G-L cells stopped
growing about 10 months after their isolation. Mouse
embryonic cells were produced by trypsin dissociation
of a whole 10-day embryo. For these present short-
time experiments, all cell lines were cultured in cither
McCoy's or RPMI 1640 media (Flow Labs., Irvinc,
Scotland) supplemented with 5% fetal bovine serum
(Flow Labs.).

Human LB lines EB-1 [18]. EB-2 (19], GOR [20].
Raji [21]. P3HR-1 [22]. HR1-K [23] and the marmo-
set LB linc B95-8 [24] were grown in RPMI 1640
medium supplemented with 8% fetal bovine serum.
All media contained 10°1U/l penicillin, 10* mg/I
streptomycin and 2 mg/l amphotericin B. All cells
were frec of contaminations as shown by microscopic
cxamination and by ‘H-thymidine labelling and auto-
radiography [25].

Procedure for the Study of Cell-to-Cell

Interactions between Fibroblasts and LB Cells

Fibroblastic cells at a density of 1.5 X 10*10 3 X
10* cells/ml of cell suspension were allowed to attach
and expand on glass coverslips placed in plastic tissue
culture dishes for 24 h, in a humidified atmosphere of
about 5% CO, in air. at 36.8 °C. The growth medium
was then replaced by a homogencous suspension of
logarithmically proliferating LB cells at a density of 2
X 10° 10 4 X 10*cells/ml of complete RPMI 1640
medium. This density was proved to be high enough to
insurc complete coverage of the fibroblast layer by a

dcensc layer of LB cells. Before application. the suspen-
sion of LB cclls was made homogencous by means of
gentle pipetting. Cells were allowed 10 interact for 2-
24 h including the 20-min interval which LB cells
required to scttle down on the fibroblast cell layer. At
the end of the incubation period. the coverslips were
washed by shaking gently in three changes of physio-
logical saline. fixed in mcthanol. air dried. and stained
with buffered Giemsa pH 6.8. Stained coverslips were
mounted on slides and examined and photographed
with a Reichert light microscope.

Results

Interaction betwcen LB and fibroblastic
cells was determined by estimating the per-
centage of attached fibroblastic cells carrying
on their surface LB cells. When one or more
LB cells were bound to two or more fibro-
blasts. both or all fibroblasts were counted.
LB cells are small and round, stain deep blue-
purple with Giemsa and do not attach to glass
or plastic surfaces. while fibroblasts stain
light purple (nuclei) and light blue (cyto-
plasm) and attach to the substrate. When
interaction time was limited to less than
10 min. only 0-2% of fibroblasts carrying on
their surface LB cells were found. and this
was independent of the types of fibroblasts or
LB cells used. Since LB cells required no less
than 20 min to settle down on the fibroblast
layer surface, this value (0-2%) indicates that
no cell-to-cell contact took place. Thus, the
estimated values of cell-cell binding for inter-
action period of 2 h or longer actually show
the potency of interconnections between LB
and fibroblastic cells. Formation of cell-cell
interconncctions was rapid during the first
hour of co-culture, but there was an insignifi-
cant increase in the number of cell hetero-
complexes between 2 and 24 h.

Tables I and Il show the results of two
experiments on the binding of LB cells to
fibroblasts. using fibroblasts in confluent and
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Table I. Intcractions between LB cells and confluent fibroblast layers

Percentage of fibroblast-like cells carrying one or more LB cells on their surface!

Raji GOR EB-1 EB-2 P3HR-1 HRI-K B95-8
G-EP T12, T19? 0-2° 0-2 0-2 0-2 0-2 0-2 95-100
G-BC Tl 0-2 0-2 2-5 2-8 2-8 0-2 95-100
G-L TI1.T20 15-20 6-10 24-31 65-72 67-78 63-71 95-100

! About 1,000 attached cclls were counted in each casc.

2 T dcnotes passage number.

3 Range among 25-30 optical fields in 2 replicate coverslips, under 500X magnification.

Table 1. Interactions between LB cells and logarithmic phase fibroblast layers

Percentage of fibroblast-like cells carrying one or more LB cells on their surface!

Raj GOR EB-1 EB-2 P3HR-1 HRI1-K B95-8
G-EPTI12.T19? 0-2 0-2 0-2 6-9 0-2 0-2 95-100
G-BC TlI 2-5 2-7 5-10 7-10 2-5 5-12 95-100
G-LTII, T20 18-23 16-20 50-55 90-96 91-95 90-98 95-100

! About 1,000 attached cells were counted in each case.

2 T denotcs passage number.
3

Range among 55-65 optical fields in 2 replicate coverslips, under 500X magnification.

logarithmic phases of growth respectively
(fig. 1-6). Highly confluent cultures of G-
EP cells do not incorporate tritiated thymi-
dine into DNA and therefore they can be
considered as stationary phase cultures. on
the contrary, both G-BC and G-L confluent
cultures incorporate tritiated thymidine,
though at a significantly lower level than cul-
tures in the logarithmic phase. These are
referred to as ‘confluent cultures’.

Both EBV producer and nonproducer
LB cells show a very low affinity for binding
to G-EP and G-BC cells, particularly when
the latter are in confluency (fig. 1). In the log-
arithmic phase of growth, the affinity for

interaction with G-BC cells is slightly in-
creased for all LB cells, except P3HR-1. EB-2
cell affinity for G-EP cells in the logarithmic
phase is also slightly increased. The degree of
cell-cell binding was not altered when using
fibroblastic cells in different passages. G-
L cells exhibited an intense affinity for all
types of LB cells used and this property was
remarkably enhanced in the logarithmic
phase (fig. 4. 5).

B95-8 cells exhibited the greatest affinity
for attached cells. irrespective of cell type and
phase of growth (fig. 3. 6). These marmoset LB
cells formed large aggregates adhering to and
completely covering the fibroblasts (fig. 6).
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The number of LB cells bound to attached cells
was dependent on the degree of agglutinability
between the LB cells themselves. Homologous
agglutinability for the LB cells used was in-
crcased in the order: Raji, GOR, EB-1. EB-2,
P3HR-1. HRI-K, B95-8.

Following the 3-step washing in physio-

=
2R ..

Fig. 1. Interaction of Raj cells
with a confluent monolayer of G-EP
fibroblasts for 2 h. The arrow shows
a Raji cell. 100 X. Giemsa.

Fig. 2. Interaction of EB-I cells
with a confluent monolayer of G-
L cells for 2 h. 300X. Giemsa.

Fig. 3. Interaction of B95-8 cells
with a confluent monolaver of G-
BC cells. 200X. Giemsa.

Fig. 4. Interaction of EB-1 cells
with a layer of G-L cells in loga-

rithmic phase of growth. 150X.
Gicmsa.
Fig.5. Intcraction of P3HR-

| cells with a layer of G-L cells in
logarithmic phase of growth. 150X.
Giemsa.

Fig. 6. Interaction of B95-8 cells
with a layer of MEcells in loga-
rithmic phase of growth. 500X.
Giemsa.

logical saline. gentle shaking of the fibroblast
X LB cell monolayers for 3 min in a solution
of trypsin 0.1% in Mg*+*, Ca**-free Hank's
BSS resulted in dissociation of the cell com-
plexes and the dispersion of all the LB cells
into the medium. The fibroblasts remained
attached to the glass surface; fibroblasts re-
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Fig. 7. Abnormal tclophasc of a
dividing P3HR-I cell showing for-
mation of a micronucleus, after 10 h
in co-culture with G-EP fibroblasts
in logarithmic phase of growth.
1.500 X. Gicmsa.

Fig. 8. Nuclear fragmentation of
a HR1-K cell after 10 h in co-cul-
ture with G-BC cells in logarithmic
phase of growth. 1.500 X. Giemsa.

Fig. 9. Cellular fragment of a Raji
cell with several micronuclei (upper
part) and abnormal nucleus of a G-
EP cell (lower part). after 10 h in co-
culture. 1.500X. Giemsa.

Fig. 10. ME ccll showing exten-
sive cytoplasmic vacuolation after
24 h 1n co-culture with EB-2 cells.
1.000X. Giemsa.

Fig. 11. Formation of ‘mini
cells® during in vitro interaction of
Raj cells with G-L cells in loga-
rithmic phase of growth, for 10 h.
1.000 X. Giemsa.

quired a second 3-min treatment to detach
from the glass surface. The liberation of LB
cells was independent of the type of fibro-
blasts or LB cells used and the degree of cell-
to-cell interconnections. The adhesion of LB
cells to the fibroblast layer leads to cell-cell
interaction between the two (fig. 7-11). After

a 10-hour adhesion period. the following ob-
servations were made: (1) Nuclear abnormal-
ities of the fibroblastic cells. The percentage
of fibroblastic cells with nuclear fragmenta-
tion and abnormal nucleus shaping (fig. 9)
ranged from 2.2 to 7.3%. (2) Appearance of
‘mini cells’ produced by abnormal division of

Downloaded by:

MacQuarie University

137.111.162.20 - 1/15/2020 7:18:14 PM



182

Delinassios/Kottaridis

Table I11. Interactions between human LB cells and nonconflucnt monolayers of mouse embryonic (ME)

cells

LB cells Percentage of ME clis carrying one Percentage of ME cells with extensive
or more LB cells on their surface! cytoplasmic vacuolation

Raji 55-67? 0.5

GOR 100 2

EB-1 92-100 7

EB-2 90-100 5

P3HR-1 94-100 9

HRI1-K 86-92 12

B95-8 (marmoset) 100 7

! About 1,000 attached cells were counted in each case.

2

Range among 25-30 optical fields in 2 replicate coverslips. under S00X magnification.

LB cells (fig. 11). The origination of the ‘mini
cells’ from LB cells is evidenced from the
deeply staining nuclei and cytoplasm and
from the high number of abnormal mitoscs of
LB cells (fig. 7-9). Experiments on ‘mini
cells’ are continued.

Table 111 shows the results of interactions
between human LB cells and mouse em-
bryonic cells. The percentage of ME cells
carrying one or more LB cells on their sur-
face is near 100% for all EBV-producer lines
used. while it is about 60% for the nonpro-
ducer Raji cells. After co-culture for 10 h. no
nuclear abnormalities were noted in ME or
LB cells. About 8% of ME cells showed
extensive cytoplasmic vacuolation (fig. 10).
This effect was 4-6 times lower in Raji than
in the EBV-producer cells and was not ob-
served in human fibroblastic cells.

Discussion

Cell contact is believed to be important
for the regulation of growth. cell motility. cell
differentiation and junction formation in ma-

lignancy [1. 26-28]. Since fibroblasts are
found almost in every type of tumor tissue, it
is justified to investigate interactions between
fibroblastic cells and other cell types.

The main conclusions of this study are:
(1) All types of LB cells show a higher binding
affinity for G-L cells than for G-EP or G-BC
cells in both confluent and logarithmic cul-
tures. (2) Binding of LB cells to fibroblasts is
enhanced when interaction takes place during
the logarithmic phase of growth of fibro-
blasts. (3) The EBV-producer LB lines EB-2.
P3HR-1 and HRI1-K showed a remarkably
high binding affinity for G-L cells. (4) LB X
fibroblast cell binding occurs through a tryp-
sin.

The results indicate the complexity of the
interaction between fibroblastic and lym-
phoid cells and suggest that fibroblasts may
develop functional surface properties for se-
lective interaction with other cell types. The
dissociation of the LB X fibroblast cell com-
plexes by trypsin treatment indicates that
cell-to-cell interaction occurs through a tryp-
sin-sensitive protein. Differences in piling-up




Lymphoblastoid X Fibroblast Cell Intcractions

183

and heterologous cell agglutinability proper-
ties between G-L and G-EP or G-BC cells
may be attributed to quantitative or/and
qualitative changes in surface proteins, which
may be acquired duc to the metastasis pro-
cess. The functional role cell-to-cell interac-
tions may play in metastasis has bcen
stressed [1. 2. 29. 30]. Several authors inves-
tigating various cell systems have pointed out
the significant role of the interactions of stro-
mal fibroblasts with other cell types [3. 9. 10.
12, 13, 16, 28]. Differences in the agglutina-
bility properties among EBV-producer cell
lines indicate that different cell lines trans-
formed with the same virus may develop dif-
ferent biological properties during in vitro
cultivation. Human EBV-positive and EBV-
negative LB lines have been shown 10 possess
different and easily distinguishable surface
glycoprotein patterns [31] which may affect
agglutinability [32]. Thus, the differential in-
tercellular affinities of each type of LB cells
for G-EP. G-BC, G-L or ME cells could be
attributed to the surface differences among
LB cells. Evidence has been presented that
human LB cells can aggressively invade and
destroy normal human tissue [4] and Deal et
al. [33] demonstrated the tumor-producing
capacity of such a human LB cell line in pre-
treated mice.

In our experiments. we observed that nor-
mal human breast fibroblasts, to a significant
extent. cause disintegration of the LB cells,
giving rise to the production of cnucleated
*mini cells’. This intrinsic type of ‘cells’ has
been usually observed in tumor explants fol-
lowing a few days period in culture. From
these and other unpublished results. we infere
that *mini cells’ are produced by the disinte-
gration of neoplastic cells. The biological
properties and the role of these cells are un-
known.

Acknowledgements

This work was supported by grant 0044-331 from
the National Rescarch Foundation of Greece. We
thank Professor A.D. Glinos for providing facilities for
this work and for rcading the manuscript, and Profes-
sor M. A. Epstein. University of Bristol., for providing
the lymphoblastoid ccell lines. We also thank Miss M.
Margarons for valuable technical assistance and Mr.
A. Plakiotis for producing the photographs.

References

| Weinstein. R.S.. Merk. F.B.. Alroy. J.: The struc-
ture and function of interccllular junctions in can-
cer. Adv. Cancer Res. 23: 23-89 (1976).

Easty. D.M.; Easty, G.C.: Mcasurcment of the abil-
ity of cells to infiltrate normal tissues in vitro. Br.
J. Cancer 29: 3649 (1974).

3 Abercrombic. M.; Heaysman, J.E.M.: Invasive be-
haviour between sarcoma and fibroblast popula-
tions in cell culture. J. natn. Cancer Inst. 56 561-
570 (1976).

4 Schleich. A.B.. Frick, M.; Mayer, A.: Patterns of
invasive growth in vitro. Human decidua gravidi-
tatis confronted with established human cell lines
and primary human explants. J. natn. Cancer Inst.
56:221-237 (1976).

S Epstein, M.L.; Gilula, N.B.: A study of communi-
cation specificity between cells in culture. J. Cell
Biol. 75: 769-787 (1977).

6 Marcel. M.; DeBruyne, G.; DeRidder. L.: Invasion
of malignant cclls into *'Cr-labelled host tissues in
organotypical culturc. Oncology 34: 6-9 (1977).

7 Frazier. W.: Glaser, L.: Surface components and
cell recognition. A. Rev. Biochem. 48 491-523
(1979).

8 Maslow, D.E.. Weiss, L.: Contnbution of macro-
phages to interactions between tumor cclls and
other tissues assessed in an in vitro system. Int. J.
Cancer 24: 450454 (1979).

9 Benyzsh-Mclnick, M.: Macck. M.; Seidel, E.H.;
Mackova. V.: Chromosomal analysis of lympho-
blastoid ccll lines after heterosexual cocultivation
with bonc marrow fibroblasts. ). natn. Cancer
Inst. 46. 369-382 (1971).

10 Moss. D.J.: Pope. J.H.. Scott. W.: Inhibition of EB
virus transformation of non-adhcrent human lym-

9

Downloaded by:

MacQuarie University

137.111.162.20 - 1/15/2020 7:18:14 PM



184

Delinassios/Kottaridis

14

20

~

22

phocytes by cocultivation with adult fibroblasts.
Med. Microbiol. Immunol. /62: 159-167 (1976).
Dcchenne, C.; Dubois-Ginion, C.; Beaujeau, M.;
Mahieu. P.: Ultrastructural cvidence of fibroblast
stimulation by lymphocytes in a kidncy allograft: a
possible mechanism for the development of inter-
stitial fibrosis. Investve Cell Path. /: 335-340
(1978).

Kulagina. N.N. Sidorenko. A.V.: Effcct of stromal
fibroblasts on antibody formation in nonadherent
spleen cultures. Bull. exp. Biol. Mced. 85 764-766
(1978).

Sidorenko. A.V.; Kulagina. N.N.: Stromal fibro-
blasts of hematopoietic organs and antibody for-
mation in culturc. Bull. exp. Biol. Med. 86: 891-
894 (1978).

Dean. M.F.: Enzyme replacement therapy by fi-
broblast transplantation. Long-term biochemical
study in 3 cases of Hunters syndrome. J. clin.
Invest. 63: 138-146 (1979).

Rosen, S.W.; Kaminska. J.. Calvert, 1.S.. Aaron-
son. S.A.: Human fibroblasts produce pregnancy-
specific beta-1 glycoprotein in vitro. Am. J. Ob-
stet. Gyncec. /34: 734-738 (1979).

Warrington. R.C.: Sclective killing of oncogenic
human cells cocultivated with normal human fi-
broblasts. J. natn. Cancer Inst. 6/: 69-73 (1978).
Pontén. J.: Spontancous lymphoblastoid transfor-
mation of long-term cell cultures from human ma-
hignant lymphoma. Int. J. Cancer 2: 311-325
(1967).

Epstein. M.A.: Barr, Y.M.: Cultivation in vitro of
human lymphoblasts from Burkitt’'s malignant
lymphoma. Lancet i: 252-253 (1964).

Epstcin. M.A_: Barr. Y.M.. Achong. B.G.: A scc-
ond virus-carrying tissuc culture strain (EB-2) of
lymphoblasts from Burkitt's lymphoma. Path.
Biol.. Panis /2: 1233-1234 (1964).

Pope. J.H.: Achong. B.G.. Epstcin, M.A.; Bid-
dulph. J.: Burkitt lymphoma in New Guinca: cs-
tablishment of a linc of lymphoblasts in vitro and
description of their fine structure. J. natn. Cancer
Inst. 39: 933-945 (1967).

Pulvertaft, R.J.: Cytology of Burkitt's tumor. Lan-
cet i: 238-240 (1964).

Hinuma. Y.: Grace. J.T.. Jr.: Cloning of immuno-
globulin-producing human lcukemic and lym-
phoma cells in long-term cultures. Proc. Soc. exp.
Biol. Med. 124. 107-111 (1967).

26

28

29

30

3

32

33

Hinuma. Y.; Konn. M.: Yamaguchi. J.; Wudarski,
D.J).. Blakeslee. J.R., Jr.; Grace. J.T., Jr.: Immuno-
fluorescence and herpes-type particles in the
P3HR-1 Burkitt lymphoma cell hne. J. Virol. /:
1045-1051 (1967).

Miller. G.: Lipman, M.: Release of infectious Ep-
stein-Barr virus by transformed marmosct lcuko-
cytes. Proc. natn. Acad. Sci. USA 70: 190-194
(1973).

Studzinski. G.P.. Gierthy. J.E.: Cholon, J.J.: An
autoradiographic screening test for mycoplasmal
contamination of mammalian cell cultures. In Vi-
tro 8: 466473 (1973).

Ponteén. J.: Contact inhibition: in Becker, Cancer. a
comprehensive treatise, vol. V, pp. 55-100 (Ple-
num Press, New York 1975).

Ponten. J.: The relationship between in vitro trans-
formation and tumor formation in vivo. Biochim.
biophys. Acta 458: 397422 (1976).

Beesley. J.E.. Pcarson. J.D.; Carleton. J.S.; Hutch-
ings. A.. Gordon, J.L.: Interaction of leukocytes
with vascular cells in culture. J. Cell Sci. 33: 85-
101 (1978).

Fidler. 1.J.: Tumor heterogeneity and the biology
of cancer invasion and metastasis. Cancer Res. 38.
2651-2663 (1978).

Prchn. R.T.: Tumor progression and homeostasis.
Adv. Cancer Res. 23: 203-236 (1976).
Gahmberg, C.G.. Andersson, L.C.; Nilsson, K.:
Surface glycoprotcin patterns of human hacmato-
poietic cell lines: in deThe. Henle. Rapp. Oncogen-
csis and herpesviruses I1I, part 2, pp. 649653
IARC, Lyon 1978).

Ghimelius, B.. Nilsson. K.. Pontén. J.: Lectin ag-
glutinability of non-ncoplastic and ncoplastic hu-
man lymphoid cells in vitro. Int. J. Cancer /5:
888-396 (1975).

Dcal. D.R.: Gerber. P.. Chisari. F.V.: Heterotrans-
plantation of two human lymphoid cell lines trans-
formed in vitro by Epstcin-Barr virus. J. natn.
Cancer Inst. 47: 771-780 (1971).

Received: August 24, 1980
Accepted: October 5. 1980

J.G. Delinassios, PhD, Department of Virology.
Papanicolaou Rescarch Center. Hellenic
Anticancer Institute, 171, Alexandras Avenue,
Athens 603 (Greece)

137.111.162.20 - 1/15/2020 7:18:14 PM

Downloaded by:
MacQuarie University



