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ABSTRACT A cell line has been developed from the imaginal
wing discs ofthe lepidopteran insect Trichoplusia ni (Hubner). The
cells grow in suspension as fluid-filled, multicellular vesicles. The
cell line has been designated IAL-TND1. Two-dimensional elec-
trophoresis (isoelectric focusing and sodium dodecyl sulfate/
polyacrylamide gels) of [mS]methionine-labeled proteins revealed
similar patterns for LAL-TND1 cells and whole T. ni wing imaginal
discs. Additionally, exposure to the insect steroid hormone 20-hy-
droxyecdysone stimulated the synthesis of the same new proteins
in both whole wing discs and IAL-TND1 cell vesicles.

Numerous studies of morphogenesis and hormonal action in
insects have focused on the imaginal discs as a model target tis-
sue (1, 2). Imaginal discs are undifferentiated but determined
primordia that are assembled into organized packets of cells in
immature holometabolous insects such as Diptera and Lepi-
doptera. These primordia are destined to become adult struc-
tures such as legs, wings, and genitalia during metamorphosis
which is stimulated by an increased titer of20-hydroxyecdysone
and a decreased titer ofjuvenile hormone.

Recently, continuous insect cell cultures have shown much
promise in studies ofdevelopmental biology (3-6). Many insect
cell lines have been developed [more than 176 cell lines from
58 species (7, 8)], but these were often intended for use in pa-
thology so that little concern was taken to determine the de-
velopmental state or type oftissue that was selected. Manifestly,
it would be a considerable aid to developmental and hormonal
studies with insect cells if a cell line could be established from
imaginal discs. We agree with Echalier (9) thatwe need to "learn
how to grow in vitro every type ofdifferentiated insect cells and
that such cells continue to perform their complete specialized
programs." Our collective experience with imaginal discs and
cell lines of various Lepidoptera led us to attempt to develop
cell cultures from the wing imaginal discs ofLepidoptera. These
discs are relatively easy to isolate from the larvae and have
proven useful in morphological and biochemical studies of in-
sect development (10-12). Trichoplusia ni (Hfibner) has been
the source of important cell lines derived from ovaries and fat
body (8) and we reasoned that the imaginal discs of this species
might be less refractory to cell culture than some others.

In this communication we report the successful establish-
ment of a continuous cell line derived from wing imaginal discs
of last-instar larvae of T. ni.

MATERIALS AND METHODS
T. ni in the last larval instar (150-200 mg) were obtained from
laboratory colonies. Individuals were surface sterilized (70%

ethanol, 15 min) and imaginal wing discs were explanted as
described (13). After meticulous removal of extraneous tissues
(primarily fat body) and rinsing of the wing discs in three
changes of culture medium [Yunker et al modification (14) of
Grace's medium (15) containing 10% fetal bovine serum
(GIBCO)], the discs (20 discs for each of four cultures) were
transferred to a standing drop (0.2 ml) of medium in a 35-mm
plastic tissue culture Petri dish (Falcon). Each disc was cut into
four to eight pieces and the culture was incubated at 260C and
95% relative humidity. After 48 hr, an additional 1.0 ml of me-
dium was added to the culture. Halfofthe medium was replaced
at 5- to 10-day intervals until the first subculture, which was
made on one culture after 10 wk in culture. The subculture
procedure involved rupturing the vesicles by gentle pipetting,
centrifuging at 40 X g for 5 min, and resuspending the cells in
0.5 ml of old medium and 4.0 ml of fresh culture medium in a
Costar 25-cm2 tissue culture flask. Subcultures were made at
weekly intervals at 1:2 to 1:4 dilution ratios.

The chromosomes of the resulting cell line were examined
by fixing and staining cultures according to the procedure of
Earley (16). Counts were made on 50 randomly chosen chro-
mosome spreads at the 5th and 27th passage levels.

Comparison of protein synthesis in whole T. ni imaginal
discs, fat body, and hemocytes with those of the cell cultures
was made by utilizing two-dimensional polyacrylamide gel elec-
trophoresis. Imaginal discs, hemocytes, and fat body were ob-
tained from T. ni larvae as described above except that the discs
were left whole in culture medium (five discs per 1 ml of me-
dium) rather than being cut into pieces. After 3 days in culture,
the tissues were transferred to 1 ml of Grace's medium (15) that
lacked methionine and contained 50 p.Ci of [3S]methionine
(1050.5 Ci/mmol; 1 Ci = 3.7 X 1010 becquerels; New England
Nuclear) and were incubated for 5 hr at 27TC. Cultures of LAL-
TND1 vesicles were also replenished with 1 ml of methionine-
free Grace's medium that contained 50 uCi of [35S]methionine
and incubated for 5 hr at 270C.

Tissues and cells were homogenized with micro tissue grind-
ers in the lysis buffer of Rogers and Shearn (17), and isoelectric
focusing was performed in tube gels over the pH range of
O'Farrell (18). Second-dimension electrophoresis was in
NaDodSOJ12.5% polyacrylamide gels; then, the gels were
fixed, dried, and exposed to Kodak BB-5 x-ray film for periods
up to 2 weeks as described (19). Similar cultures of imaginal
discs and vesicular cells were exposed to 1 ,uM 20-hydroxyec-
dysone for 24 and 48 hr prior to labeling with [3S]methionine
and electrophoresis. Each gel was loaded with homogenized
material containing 5 x 105 cpm.
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FIG. 1. Phase-contrast micrograph of IAL-TND1 cellular vesicles at the third passage in vitro. (Bar equals 100 ,m.)
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FIG. 2. Chromosome counts on 50 cells at the 5th (A) and 27th (B) passages. (C) Photomicrograph of chromosome spread at 27th passage.
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RESULTS

From the initial four cultures of T. ni imaginal wing discs, one
proved more rapidly growing and was used to develop the con-
tinuous cell line described in this paper. Within 48 hr in culture,
multicellular blebs formed on the wing disc fragments and
monolayer outgrowths occurred on the surface of the culture.
At approximately 1-wk intervals, the vesicular blebs were recut
with a scalpel in an attempt to maintain the-cells as monolayers.
At the time of the first subculture, the monolayers re-formed
free-floating vesicles and subsequently were maintained in that
form by using the subculture technique described above. The
cell line has been designated IAL-TND1 and. its appearance is
shown in Fig. 1. The cells typically occurred in suspension as
multicellular, fluid-filled vesicles consisting of a monolayer of
epithelium-like cells. After approximately 35 passages, the cul-
tures began to undergo spontaneous, but reversible, morpho-
logical changes to solid aggregates ofround cells. Currently, the
IAL-TND1 cultures generally consist ofapproximately 30% ves-
icles and 70% clumped cells. We believe this morphological
variability to be the result of suboptimal culture conditions.
Chromosome analysis showed small chromosomes that are

typical of Lepidoptera. At low passage numbers, the cultures
were primarily nearly diploid (mode = 56; range 49-126; in vivo
haploid number = 31). At higher passages, the number of cells
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near triploid and tetraploid increased, although many cells were
still near diploid numbers (Fig. 2). This relative stability in chro-
mosome numbers is somewhat unusual for lepidopteran cell
cultures which frequently are highly polyploid and have greater
variability in chromosome numbers than we have seen with
IAL-TND1 (7, 8).

Comparison of two-dimensional electrophoretic patterns of
[3S]methionine-labeled proteins in IAL-TND1 vesicles and
whole T. ni imaginal wing discs revealed similar patterns of
protein synthesis (Fig. 3 A and B) with only slight quantitative
variation apparent. Additionally, treatment with physiological
levels of 20-hydroxyecdysone (1 uM) stimulated the synthesis
of at least three new proteins in vesicles after 30 wk in culture
(Fig. 3C). The same new proteins were induced in freshly ex-
planted whole wing discs (Fig. 3D). In addition, three proteins
present in control cultures of discs and cell cultures were no
longer synthesized in hormone-treated cultures. There were no
apparent qualitative differences between cultures treated with
20-hydroxyecdysone for 24 or 48 hr, although some quantitative
differences may exist. Our results indicate that the IAL-TND1
cells are indeed imaginal disc cells because electrophoretic pat-
terns of other tissues, including hemocytes (Fig. 4A), fat body
(Fig. 4B), and midgut, differed conspicuously from both whole
wing discs and vesicle cells. Additionally, the induction of ap-
propriate new proteins after incubation with 20-hydroxyecdy-
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FIG. 3. Autoradiographs of [35S]methionine-labeled proteins after isoelectric focusing (IEF) andNaDodSO4 electrophoresis on 12.5% acrylamide
gels. Arrows and small circles indicate locations of the polypeptides that vary in response to 20-hydroxyecdysone. The large circle indicates cy-
toplasmic actin used as a landmark in the gels based on the location of an actin standard. (A) IAL-TND1 cells; (B) T. ni wing disc; (C) IAL-TND1
cells after 24-hr exposure to 1 ,uM 20-hydroxyecdysone; (D) T. ni wing discs after 24-hr exposure to 1 AuM 20-hydroxyecdysone.
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Although previous attempts at culturing imaginal discs showed
that growth was possible with these tissues, continuous cell lines
were not established (20, 21). The cell line developed in our
studies should be useful in studying various developmental pro-
cesses, including studies on hormone receptors and gene action.
The cell line may be appropriate for research on the mainte-
nance of determination, although at present we can only state
with certainty that an ability to respond to hormones is main-
tained because recognizable wing structures were not made in
vitro.

Induction of new peptides in response to ecdysteroids has
been reported with Drosophila cell cultures (22-25), but it was
not possible to correlate the new proteins with changes in spe-
cific tissues because these cells are from embryos and are of
unknown cell type. However, the IAL-TND1 line was estab-
lished from a specific tissue source, and we were able to cor-
relate the peptide changes to similar changes in the intact wing
discs.
The high level of organization apparent in these cell cultures

could broaden their use in developmental studies. IAL-TND1
cell cultures should be useful in investigations of epithelial
transport and cytoskeletal problems that involve maintenance
of the vesicular shape as well as developmental studies on in-
tercellular transport and communication. The formation of ves-
icles in vitro is not unique with our system. There are also pri-
mary cultures of insect tissues (26, 27), and two continuous
insect cell lines that form vesicles (28, 29). Also, a line ofmam-
malian epithelial cells forms domes (30) which are structurally
similar to vesicles. However, the IAL-TND1 cells provide a
special opportunity for examining hormonal action and mor-
phogenesis in a continuous line of insect cells derived from im-
aginal discs with a known developmental history.
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FIG. 4. Autoradiographs of two-dimensional electrophoresis gels
as in Fig. 3. (A) [3"S]Methionine-labeled proteins from cultured T. ni
hemocytes; (B) [35S]methionine-labeled proteins from cultured T. ni fat
body. Arrows indicate examples of proteins not found in imaginal wing
discs.

sone indicates that the IAL-TND1 cells retain their ability to
differentiate in response to hormonal cues, even after 30 wk in
culture. Moreover, hormonal induction ofnew proteins contin-
ued to be observed in cultures that grow primarily as clumped
cells rather than as vesicles.

DISCUSSION
We have obtained growth of cells in continuous culture from
imaginal wing discs of the lepidopteran T. ni. This cell line is
remarkable in several aspects. (i) It is developed specifically
from imaginal discs and is one of the few insect cell lines that
appears to consist uniformly of one tissue type (epithelial). (ii)
This cell line maintains the ability to differentiate with respect
to new protein synthesis when exposed to the insect steroid
hormone, 20-hydroxyecdysone. (iii) The cultures maintain a

relatively high level of organization by growing as multicellular
vesicles.

Previously, insect cell cultures were established by using
embryos, ovarian sheaths, hemocytes, or macerated young lar-
vae. Each of these tissue sources consists ofheterogeneous cell
types in.varied developmental states so that the resulting cell
cultures are only ofgeneral use in studies ofinsect development
(9). Alternatively, our culturing conditions with imaginal disc
cells provides a homogeneous population of epithelium-like
cells obtained from tissues in a known developmental state.
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