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Landomycin E (LE) was recently isolated from Streptomyces globisporus strain 1912 and its chemical structure was studied.
However, its biological activity is still poorly understood. We performed in vitro investigation of antitumor activity of this
new member of the angucyclin family of antibiotics. Dose-dependent effect of LE on growth and survival of different tumor
cell lines was studied in comparison with such effect of other anticancer drugs (adriamycin, cisplatin, methotrexate,
vincristine and fluorouracil). LE (2.5–10.0 µg/ml) inhibited growth of human colon adenocarcinoma cells of SW-480 line to
a similar extent as adriamycin and stronger than fluorouracil, cisplatin and methotrexate did. IC50 for LE was found to be
1.28 µg/ml for human breast carcinoma cells of MCF-7 line, 6.68 µg/ml for human breast carcinoma cells of T47D line, 3.3
µg/ml for human colon adenocarcinoma cells of SW-480 line, 6 µg/ml for human colon adenocarcinoma cells of HT-29 line,
5 µg/ml for human mouth adenocarcinoma cells of KB line, 1.75 µg/ml for mouse leukemia cells of L1210 line, 2.68 µg/ml
for mouse transformed fibroblasts of L929 line, 2.04 µg/ml for mouse embryo fibroblasts of NIH-3T3 line, 15.04 µg/ml for
mink lung epithelial cells of CCL-64 line, and 2.68 µg/ml for mouse monocytes/macrophages of J774.2 line. Apoptotic DNA
fragmentation was elicited under LE effect in L1210 leukemia cells. Investigation of various tumor cell lines showed the
appearance of different cytomorphological changes characteristic for apoptosis (condensation of cytoplasm and nucleus,
nucleus fragmentation, development of multiple vacuoles in the cytoplasm, and appearance of apoptotic protrudings of
plasma membrane), although other ways of LE-induced cell death cannot be also excluded. These data may be helpful for
further elucidation of cellular and molecular mechanisms of LE antineoplastic action.
Key Words : landomycin E, tumor cells, growth inhibition, apoptosis.
Ëàíäîìèöèí Å (ËÅ) íåäàâíî âûäåëåí èç Streptomyces globisporus øòàìì 1912, åãî õèìè÷åñêàÿ ñòðóêòóðà óñòàíîâëåíà.
Îäíàêî áèîëîãè÷åñêàÿ àêòèâíîñòü äàííîãî àíòèáèîòèêà èçó÷åíà íåäîñòàòî÷íî. Ìû ïðîâåëè in vitro èññëåäîâàíèå
ïðîòèâîîïóõîëåâîé àêòèâíîñòè ýòîãî íîâîãî ïðåäñòàâèòåëÿ ñåìåéñòâà àíãóöèêëèíîâûõ àíòèáèîòèêîâ. Äîçîçàâèñèìûé
ýôôåêò ËÅ íà ðîñò è æèçíåñïîñîáíîñòü ðàçëè÷íûõ ëèíèé îïóõîëåâûõ êëåòîê èçó÷àëè â ñðàâíåíèè ñ òàêèì æå
ýôôåêòîì äðóãèõ ïðîòèâîîïóõîëåâûõ ïðåïàðàòîâ (àäðèàìèöèí, öèñïëàòèí, ìåòîòðåêñàò, âèíêðèñòèí è ôëóîðîóðàöèë).
Èíãèáèðîâàíèå ðîñòà êëåòîê ëèíèè SW-480 àäåíîêàðöèíîìû ïðÿìîé êèøêè ëàíäîìèöèíîì Å (2,5–10,0 µg/ml) áûëî
àíàëîãè÷íî äåéñòâèþ òîé æå äîçû àäðèàìèöèíà è çíà÷èòåëüíî ñèëüíåå, ÷åì ýôôåêòû ôëóîðîóðàöèëà, ìåòîòðåêñàòà
è öèñïëàòèía. Ïîêàçàòåëü IC50 ËÅ ðàâåí 1,28 µg/ml äëÿ êëåòîê ëèíèè MCF-7 àäåíîêàðöèíîìû ìîëî÷íîé æåëåçû
÷åëîâåêà, 6,68 µg/ml — äëÿ êëåòîê ëèíèè T47D êàðöèíîìû ìîëî÷íîé æåëåçû, 3,3 µg/ml — äëÿ êëåòîê ëèíèè SW-480
àäåíîêàðöèíîìû ïðÿìîé êèøêè ÷åëîâåêà, 6 µg/ml — äëÿ êëåòîê ëèíèè HT-29 àäåíîêàðöèíîìû ïðÿìîé êèøêè ÷åëîâåêà,
5 µg/ml — äëÿ êëåòîê ëèíèè KB àäåíîêàðöèíîìû ãîðòàíè ÷åëîâåêà, 1,75 µg/ml — äëÿ êëåòîê ëèíèè L1210 ëåéêåìèè
ìûøè, 2,68 µg/ml — äëÿ ìûøèíûõ òðàíñôîðìèðîâàííûõ ôèáðîáëàñòîâ ëèíèè L929, 2,04 µg/ml äëÿ ìûøèíûõ
ýìáðèîíàëüíûõ ôèáðîáëàñòîâ ëèíèè NIH-3T3, 15,04 µg/ml — äëÿ ýïèòåëèàëüíûõ êëåòîê ëèíèè CCL-64 ëåãêîãî íîðêè
è 2,68 µg/ml — äëÿ ìûøèíûõ ìàêðîôàãîâ/ìîíîöèòîâ ëèíèè J774.2. Ïðè âîçäåéñòâèè ËÅ íà êëåòêè ëåéêåìèè ìûøè
L1210 íàáëþäàëè àïîïòè÷åñêóþ ôðàãìåíòàöèþ ÄÍÊ. Â ðàçëè÷íûõ ëèíèÿõ îïóõîëåâûõ êëåòîê âûÿâëåíî íàëè÷èå
öèòîìîðôîëîãè÷åñêèõ èçìåíåíèé, õàðàêòåðíûõ äëÿ àïîïòîçà (êîíäåíñàöèÿ öèòîïëàçìû è ÿäðà, ôðàãìåíòàöèÿ ÿäðà,
ôîðìèðîâàíèå ìíîæåñòâåííûõ âàêóîëåé â öèòîïëàçìå è àïîïòè÷åñêèõ èçìåíåíèé â ïëàçìàòè÷åñêîé ìåìáðàíå), õîòÿ
íåëüçÿ ïîëíîñòüþ èñêëþ÷èòü äðóãèõ ïóòåé ãèáåëè êëåòîê ïîä äåéñòâèåì ËÅ. Ïîëó÷åííàÿ èíôîðìàöèÿ ìîæåò áûòü
ïîëåçíîé äëÿ äàëüíåéøåãî èçó÷åíèÿ êëåòî÷íûõ è ìîëåêóëÿðíûõ ìåõàíèçìîâ àíòèíåîïëàñòè÷åñêîãî äåéñòâèÿ ËÅ.
Êëþ÷åâûå ñëîâà: ëàíäîìèöèí Å, ðàêîâûå êëåòêè, èíãèáèðîâàíèå ðîñòà, àïîïòîç.

Appearance of malignant cell resistance to chemotherapy is a serious problem in oncology, because antitumor drug resistance develops in about 30% of cancer
patients [29].That is why synthesis of new antitumor
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drugs, possessing diminished cytotoxity is an extremely
actual task. Ineffectiveness of the chemotherapy may
be caused by different reasons: 1) alterations inside tumor cells, namely, intensification of DNA reparation systems, expression of antiapoptotic and suppression of
proapoptotic mechanisms; 2) changes in drug pharmacokinetics, namely, the inability of drug to reach target
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cells in adequate amounts and active form; 3) intensive
drug excretion by specific transporting systems such as
multidrug resistance system, and chemical modification
of drug by cellular antioxidation systems.
Most chemotherapeutic drugs induce apoptosis in
target cells [7, 15]. A series of antibiotics produced by
different Streptomyces strains are active not only as
antibacterial and antifungi agents, but also as antitumor drugs [3, 5, 23, 27]. The antibiotics of anthracycline and bleomycine group were shown to be the most
effective drugs for tumor treatment [12, 13, 23].
Angucycline antibiotics belong to a large family of
natural compounds produced by the actinomycetes.
The landomycins belong to a subgroup of the angucycline family, whose molecule consists of an angular tetracyclic quinone, conjugated to a linear oligosaccharide. The cytostatic properties of various members of
the landomycin family were found to depend on the
length of their oligosaccharide chain [18, 24]. Landomycin A, the principal metabolite of Streptomyces cy anogenus, is a member possessing the longest glycan
consisting of 6 saccharide residues [16, 26]. Flow cytometric study showed that landomycin A inhibited cell
cycle progression from G1/S phase to S phase [10]. A
potent antitumor activity of this antibiotic depends on
its glycan moiety [23, 24].
Landomycin E (LE) is a novel representative of angucycline antibiotics. It is synthesized by Streptomyces
globisporus strain 1912, growing in a soy-bean culture
medium [2, 5, 19, 20]. It contains 3 saccharide residues
(α-L-rhodinose-(1→3)-β-D-olivose-(1→4)-β-D-olivose) conjugated to an angular tetracyclic quinone. Antitumor action of LE was demonstrated against Guerin
carcinoma in rats [6]. However, the mechanisms of its
antineoplastic effect are still poorly known.
Here we studied the antineoplastic effect of LE using
various mammalian tumor cell lines and compared the
antitumor activity of LE with that of other antineoplastic
drugs. LE was shown to be highly active for all studied
tumor cell lines of both epithelial and mesenchymal origin. While pseudonormal and transformed fibroblasts
were similarly sensitive to LE action, pseudonormal cells
of epithelial origin (mink lung cells) were shown to be
more resistant than tumor epithelial cells (human breast
carcinoma cells of MCF-7 and T47D line, human colon adenocarcinoma cells of HT-29 and SW-480 lines
and human mouth carcinoma cells of KB line). Cytomorphological and biochemical (DNA fragmentation)
study of LE effect on tumor cell lines was also carried
out. The obtained data demonstrated proapoptotic action of LE which suggests its potential role as a new
antineoplastic drug.

MATERIALS AND METHODS
LE was prepared in the laboratory of Dr. B. Matselyukh at D.K. Zabolotny Institute of Microbiology and
Virology, National Academy of Sciences of Ukraine,
Kyiv). Other antitumor drugs used in this study were
adriamycine (“Farmitalia Carloerba”), methotrexate
(“Ebeve”), cisplatin (“Bristol”), vincristine (“Richter”), and
fluorouracil (“Darnitsa”).
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Cells were obtained from cell culture collections at
Ludwig Institute for Cancer Research, Uppsala, Sweden (MCF-7, T47D, HT-29, SW-480, NIH-3T3,
CCL-64), at William Harvey Institute, London, United
Kingdom (J774.2) and at R.E. Kavetsky Institute of
Experimental Pathology, Oncology and Radiobiology,
National Academy of Sciences of Ukraine, Kyiv, Ukraine
(KB, L1210, L929, HT-1080). Cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% fetal calf serum (Sigma, USA),
50 µg/ml streptomycin (Sigma, USA), 50 units/ml penicillin (Sigma, USA) in 5% CO2-containing humidified
atmosphere at 37 oC.
For experiments cells were seeded into 24-well tissue culture plates (Becton-Dickinson, USA). The cytotoxic effect of antitumor drugs was studied under the
inverted microscope (Biolam-P1, LOMO, Russia) after cell staining with trypan blue dye (0.1%) [14].
For the supravital staining of the cells, acridine
orange (1.5 µg/ml, 30 min) was used [1, 11]. Romanowsky — Giemsa cell staining was performed as
decribed in [4].
DNA fragmentation was studied using agarose gel
electrophoresis [17]. Briefly, 5 · 106 cells were pelleted
and resuspended in 50 µl of 20 mM EDTA/50 mM TrisHCl, pH 7.5, centrifuged for 5 min at 1,600 g and pellets
were resuspended in lysis buffer. SDS (final concentration 1%) (Serva, Germany,) and RNase A (final concentration 1 mg/ml (Sigma, USA) were added to each
sample which were then incubated for 1 h at 37 °C. After that, proteinase K (final concentration 1 mg/ml, Boehringer Mannheim, Germany) was added to each sample which was then incubated for 1 h at 37 °C. Then
10 M ammonia acetate (50% of the sample volume) was
added to each sample and DNA was precipitated with
2 volumes of ice-cold iso-propanol at –20 °C overnight.
Samples were centrifuged for 30 min at 10 000 g, pellets were air dried, dissolved in TE buffer (10 µl/106 cells)
and loaded into the dry wells of 1% (w.v) agarose gel.
Electrophoresis was carried out in 1 mM EDTA/40 mM
Tris-acetate buffer, pH 8.0 until the marker dye migrated 6–7 cm. Electrophoregrams were stained with ethydium bromide and screened in transilluminator under UV
light and photographed.
Experiments were performed in triplicate and repeated 3 times. Significance of the difference in a typical experiment was assessed by Student’s t-test. The
level of significance was set at 0.05.

RESULTS
In order to estimate the effect of various anticancer
drugs on growth and viability of different tumor cells the
ratio Nalive/N total was calculated. This indicator shows the
number of alive (trypan blue negative) cells divided by
the total number of cells counted at the end of their treatment with different concentrations of the studied drugs.
Dose-dependent effects of LE on Nalive /Ntotal ratio in
human breast carcinoma cell lines (MCF-7 and T47D),
and in human colon carcinoma cell lines (HT-29 and
SW-480) are presented in Fig. 1. The IC50 which indicates drug concentration causing 50% decrease in Nalive/
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The results of dose-dependent LE action on growth
and viability of two more lines of cells of mesenchymal origin (mouse leukemia cells of L1210 line and mouse monocyte/macrophage J774.2 line) are presented in Fig. 4. Their
IC50 under LE effect was 1.75 and 2.86 µg/ml correspondigly. Thus, high sensivity of leukemia cells (L1210 line) to
LE action was noted here. Data on LE IC50 brought together from Fig. 1–4 and calculated in both µg/ml and
molar concentrations are presented in the Table.
In the next series of experiments the effects of various anticancer drugs (including the LE) were compared
using human colon carcinoma cells of SW-480 line as a
test-system (Fig. 5). We did not find significant diffe rence between the used drugs (adriamycine, fluorouracyl, LE, cisplatin, methotrexate and vincristin) when they
were used in low doses (up to 1.0 µg/ml). However, when
the concentration of drugs was increased to 2.5–
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Ntotal ratio was also calculated and presented in the
figures. T47D cells were found to be 5 times more resistant to LE action comparing to MCF-7 cells (both
lines were isolated from human breast carcinoma), while
the difference between IC50 for human colon carcinoma cells of HT-29 and SW-480 lines was less distinct
(6.0 and 3.3 µg/ml, correspondingly).
In Fig. 2 the results of testing LE action on epithelial
cells of two other lines are presented. One can see that
normal mink lung epithelial cells of CCL-64 line are
3 times more resistant to LE effect comparing to human
mouth carcinoma cells of KB line sensitive to cisplatin
action. However, when two different lines of mouse fibroblastic cells (transformed L929 line and normal embr yonic NIH-3T3 line) were compared (Fig. 3), there was
no big difference in their IC50 at LE action (2.68 and
2.04 µg/ml correspondingly).
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Fig. 1. Dose dependence of landomycin E effect on growth and survival (Nalive/Ntotal) of human breast adenocarcinoma cells of MCF-7
(a) and T47D (b) lines, and of human colorectal adenocarcinoma cells of HT29 ( c) and SW-480 (d) lines (24 h treatment)
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Fig. 2. Dose dependence of landomycin E effect on growth and survival (Nalive/Ntotal) of mouth carcinoma cells of KB line (a) and mink
lung epithelial cells CCL-64 line (b) (24 h treatment)
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Fig. 3. Dose dependence of landomycin E effect on growth and survival (Nalive/Ntotal) of murine fibrosarcoma cells of L929 line (a) and
of murine fibroblast-like cells of NIH-3T3 line (b) (24 h treatment)
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Fig. 4. Dose dependence of landomycin E effect on growth and survival (Nalive/Ntotal) of murine leukemia cells of L1210 line (a) and of
murine macrophage/monocytes of J774.2 line (b) (24 h treatment)

Table. Characteristics of cytostatic and cytotoxic effects (cell number rat io
N alive/N to tal was measured) of LE on different lines of human and animal
cells (IC5 0 – inhibit ory concentration of LE for its 50% effect; cell lines are
noted in the “Results”)
Cell line
LE concent rations
IC5 0, M · 10-6
IC 50, µg/ml
MCF-7
1.28
1.7
T47D
6.68
9.3
SW-480
3.30
4.6
HT-29
6.00
8.4
CCL-64
15.04
21.1
KB-S
5.00
7.0
L929
2.68
3.7
NIH 3T3
2.04
2.8
L1210
1.75
2.4
J774.2
2.68
4.0

Metabolized benzene, %

200
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Vincristin

150

Adriablastina
Landomycin E
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100
50
0
0
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Fig. 5. Dose dependence of the effect of different anti-cancer
drugs on human colorectal adenocarcinoma cells of SW-480 line
(24 h treatment)

10.0 µg/ml, adriamycine and LE were shown to be the
most effective tumor cell inhibitors. Molar concentrations

for IC50 of anti-tumor agents were such: adriablastina —
1.7 · 10–6 M < vincristin — 2.6 · 10–6 M < cisplatin —
3.3 · 10–6 M < landomycin E — 4.2 · 10–6 M < methotrexate — 5.1 · 10–6 M < fluorouracil — 2.5 · 10–5 M.
During the cytomorphological study of LE effect on
different tumor cell lines the most prominent changes
observed were the appearance of vacuoles in the cytoplasm of LE-treated cells. One can see in Fig. 6 that
LE in 2 µg/ml dose induced the appearance of big vacuoles in human lung carcinoma cells of A549 line, while
numerous small vacuoles were observed under the effect of LE used in higher dose (4 µg/ml). In general,
such effect of LE was confirmed when human mouth
carcinoma cells of KB line were used (Fig. 7). The cytoplasmic vacuoles could be also seen after the supravital cell staining with acridine orange (Fig. 8).
When mouse transformed fibroblasts of L929 line
were cultured in the presence of 4 µg/ml LE, the most
prominent changes observed were the appearing
membrane protrudings which probably gave beginning
to the apoptotic bodies (Fig. 9).
Specific internucleosomal DNA fragmentation is considered to be one of the most cheracteristic biochemical
indicator of apoptosis [7]. LE ( 2.5 µg/ml) was shown to
induce intensive DNA fragmentation in murine leukemia
cells of L1210 line (Fig. 10). It should be noted that these
cells were also among the most sensitive to LE action, if
IC50 indicator was taken into account.
Thus, LE posesses distinct inhibiting effect on cell
growth and survival. At least partly, that effect is rea-
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a

a

b

b
Fig. 7. Cytomorphological changes in human epidermal mouth
carcinoma cells of KB line (Romanowsky — Giemsa staining)
under landomy cin E effect (24 h treatment).
a — untreated; b — 4 µg/ml; → — vacuoles

c
Fig. 6 . Cytomorphological changes in human lung adenocarcinoma cells of A549 line (Romanowsky — Giemsa staining) under landomy cin E effect (24 h treatment).
a — untreated; b — 2 µg/ml; c — 4 µg/ml; → — vacuoles

a

lized through typical apoptotic changes, such as the
formation of cell membrane protrudings and cytoplasmic vacuoles, and the internucleosomal DNA fragmentation. These changes also lead to retardation of cellular growth and an increase in number of tr ypan bluepositive cells. Thus, an antineoplastic potential of LE is
probable.

DISCUSSION
LE effect on tumor growth has been recently
demonstarted in the in vivo experiments targeting
Guerin carcinoma tumors in rats [6]. However, complex in vitro experiments are also needed to answer
questions about cellular and molecular mechanisms of
LE action. Here we used different approaches and lines
of tumor cells to answer some of that questions.

b
Fig. 8. Cytomorphological changes in human fibrosarcoma cells
of HT-1080 line under landomycin E effect (48 h treatment, supravital staining with acridine-orange (1.5 µg/ml, 30 min)).
a — untreated; b — 4 µg/ml; → — vacuoles
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a

b
Fig. 9. Cytomorphological changes in mouse fibrosarcoma cells
of L929 line (Romanowsky — Giemsa staining) under landomycin E effect (24 h treatment).
a — untreated; b — 4 mg/ml; → — membrane protrudings

1

2

Fig. 10. Electrophoretic study of DNA fragmentation in murine leukemia cells of L1210 line treated with landomycin E (24 h treatment).
Line 1 — untreated; line 2 — landomycin E (2.5 µg/ml)

We found that LE inhibited growth of various tumor cell
lines in a dose-dependent manner. However, the character of LE effect and IC50 were shown to be cell line-specific.
For example, the IC50 at LE action on human breast adenocarcinoma cells of MCF-7 and T47D lines differed considerably (1.28 and 6.68 µg/ml correspondingly). T47D cells
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were also shown to be more resistant than MCF-7 cells to
growth inhibiting effect of the transforming growth factor β1
(TGF-β1) [21]. The explanation for such resistance could
be that T47D cells lack normal expression of type II TGFβ1 receptors [21]. Earlier we suggested that TGF-β1 could
mediate the action of some antitumor drugs and cytotoxic
plant lectins, because these substances induced TGF-β1
production in different cancer cells [25, 28]. Human colon
carcinoma cells of SW-480 line also have alterations in
TGF-β signalling pathway (stop-codone mutation in the
gene of Smad 4 signalling protein) comparing to another
line (HT-29) of carcinoma cells of the same tissue and
species origin [9, 22]. However, the results of our study
showed that the resistance of HT-29 cells to LE action
(based on the IC50 measurement) was higher than in SW480 cells. Thus, the correlation between the increased resistance of tumor cells to the inhibiting actions of TGF-β
and of LE is not a uniform property and that problem needs
further studies.
Both transformed mouse fibroblasts of L929 line and
normal mouse embryonic fibroblasts of NIH-3T3 line
possessed similar sensitivity to LE action (IC50 equal 2.68
and 2.04 µg/ml correspondingly). However, the pseudonormal cells of epithelial origin (mink lung epithelial cells
of CCL-64 line) were more resistant to LE than all used
cancer cell lines of the epithelial origin. It should be
stressed that most mammalian tumors developed from
the tissues of the epithelial origin [see 8]. Thus, our data
suggest that LE is more effectively inhibiting cancer cells
of the epithelial origin than normal cells of the same tissue origin, while it acts similarly on both tumor and normal cells of the mesenchymal origin.
The highest toxicity of LE was revealed when murine leukemia cells of L1210 line was used (IC50 equal
1.75 µg/ml). These data correlate with the results of
study performed at the National Cancer Institute (NIH,
USA) which showed that leukemic cells were the most
sensitive to LE action [data are not presented]. We also
found that the cytotoxic effect of LE on L1210 leukemic
cells is accompanied by the intensive apoptotic DNA
laddering in these target cells.
Cytomorphological investigation of various tumor cell
lines showed that LE induced the appearance of different apoptotic phenomena (condensation of cytoplasm and nucleus, nucleus fragmentation, development of multiple vacuoles in the cytoplasm, and of the
apoptotic protrudings of plasma membrane). These
data suggest that LE induces apoptosis in different tumor cell lines and not only in L1210 leukemia cell line.
LE inhibited tumor cell growth in a dose-dependent
manner and it was even more active than some other
used anticancer drugs. Changes in target cell morphology elicited by Romanowsky — Giemsa staining, acridine orange supravital staining, and the intranucleosomal DNA fragmentation detected by electrophoresis suggest that LE-treated cells al least partly died by apoptosis.
In conclusion, LE was confirmed to be a perspective
antitumor drug possessing growth inhibiting and pro-apoptotic activities towards various tumor cell lines. Although
its highest cytotoxic and cytostatic activities were revealed
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against the leukemia cells and other cells of mesenchymal origin, specific tumor cells of the epithelial origin may
also be sensitive targets for LE antineoplastic action. Further studies on the molecular mechanisms of LE action
on different tumor target cells are in progress.
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