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Abstract—Five known abietane diterpenes of the royleanone and coleon type, namely, fatty acid esters of 7a-acyloxy-6p-hydroxy-
royleanone (1), grandidone A (2), 7a-acetoxy-6p-hydroxyroyleanone (3), 6f8,7a-dihydroxyroyleanone (4) and coleon U (5), isolated
from Plectranthus grandidentatus, were evaluated for their effect on the proliferation of human lymphocytes induced by the mitogen
PHA. All except 4, showed a dose-dependent suppressor effect, with 3 yielding the most potent antiproliferative activity, followed
by 5. These two compounds, that represent diterpenes of the royleanone and coleon type respectively, were also shown to be potent
inhibitors of mouse splenocyte proliferation induced by ConA or LPS mitogens. However, the sensitivity of ConA-stimulated
splenocytes to their suppressive effect was higher, suggesting a preferential inhibition of T-lymphocyte proliferation. The anti-
proliferative activity of 3 seemed to be exerted without affecting the expression of the lymphocyte activation marker CD69. On the
contrary, 5 was shown to reduce the expression of CD69 of TCD8" and B-cells, suggesting a relationship between its anti-
proliferative effect and the expression of this early marker of activation on these cell populations. The capacity of 5 to induce

apoptosis on ConA-stimulated splenocytes could also be related with its antiproliferative activity.

© 2003 Elsevier Ltd. All rights reserved.

1. Introduction

Several Plectranthus species (Lamiaceae) have been used
in traditional medicine. The chemistry of Plectranthus
remains relatively unknown, but the more common sec-
ondary metabolites in this genus are diterpenoids, the
majority of which are abietanes.! In previous work, we
reported the isolation of abietane diterpenes, of the
royleanone and coleon type, from P. hereroensis and P.
grandidentatus and demonstrated their antibacterial,
antifungal and antitumor activity.>* Abietane diter-
penes have been frequently isolated from other plant
genus and some have cytotoxic, antibacterial, anti-
tumor-promoting and antioxidant activities,”® but to
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our knowledge they have not been studied for immuno-
modulatory activity.

As part of our search for new compounds, from syn-
thetic and natural origin, with potential immunomodu-
latory activity we have recently demonstrated that some
synthetic derivatives — catechols — from abietic acid,
as well as carnosic acid are potent inhibitors of the
proliferation of human lymphocytes induced by phyto-
haemagglutinin (PHA) mitogen.® The aim of the present
work was to investigated the effect of five natural
known abietane diterpenes, isolated from P. grand-
identatus Glirke, namely fatty acid esters of 7a-acyloxy-
6B-hydroxyroyleanone (1), grandidone A (2), 7a-acet-
oxy-6B-hydroxyroyleanone (3), 6p,70-dihydroxyroyl-
ecanone (4) and coleon U (5) on the proliferation of
human lymphocytes induced by PHA. The effect of
royleanone 3 and coleon 5 was further evaluated on the
proliferation of mouse splenocytes in response to the
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T-cell specific mitogen, ConA and to the B-cell specific
mitogen, LPS. Further studies were carried out to
determine if the antiproliferative activity exhibited by
these two diterpenes was correlated with an alteration of
expression of CD69, the earliest marker of lymphocyte
activation, or with the apoptosis phenomenon. To the
best of our knowledge, this is the first report on the
effect of abietanes on the proliferation of B- and T-
lymphocytes, CD69 expression and apoptosis.

1 R= fatty acid chain 2 5
3R=Ac
4R=H

2. Results

2.1. Effect of 1-5 on the PHA-induced proliferation of
human lymphocytes

The effect of 1-5 on the mitogenic response of peri-
pheral human lymphocytes to PHA was evaluated and
the results, given in concentrations that cause 50%
inhibition (ICsy) of proliferation, are summarised in
Table 1. Diterpenes 1-3 and 5 inhibited the PHA-
induced proliferation of human lymphocytes, in a dose-
dependent way (data not shown), while 4 showed no
antiproliferative effect even when tested at 50 pM.
Royleanone 3 was the most potent diterpene tested
exhibiting a strong inhibitory effect (IC5o=3.8 pM) that
was only 10-fold less potent than cyclosporin, the well-
known immunosupressor, used as positive control. This
was followed in potency by coleon 5 that showed a
moderate antiproliferative effect. Diterpenes 1 and 2
were shown to be poor inhibitors (ICsy>20 pM).

2.2. Effect of royleanone 3 and coleon 5 on the prolifera-
tion of B- and T-mouse lymphocytes

Given the interesting antiproliferative effects of 3 and 5
on human lymphocytes and since they represented two

Table 1. Effect of abietane diterpenes 1-5 on the PHA-induced pro-
liferation of human lymphocytes determined by MTT assay

Compd 1Cso (UM)

1 31.32+1.63%
2 26.63+4.57

3 3.80+1.39

4 >50

5 12.29+£3.23

Cyclosporin A 0.341+0.04

different types of diterpenes, respectively the royleanone
and coleon types, they were further studied in order to
evaluate how they affect the proliferation of the two
lymphocyte populations, B- and T-cells. BALB/c mouse
splenocytes were used, instead of peripheral human
lymphocytes, because the percentage of B- and T-lym-
phocyte is quite similarly in the spleen (60% vs 40%,
respectively) compared to the percentage of these two
lymphocyte populations in the human peripheral blood
(10% vs 90%, respectively). Splenocytes were stimu-
lated either with the T-cell specific mitogen, ConA or
with the B-cell specific mitogen, LPS. The effects (ICs)
of 3 and 5 on the mitogenic response of splenocytes to
these two different mitogens are presented in Table 2.
Results showed that both diterpenes strongly inhibited
the proliferation of spleen cells induced either by ConA
or LPS. However, looking at the ICs, values it can be
noted that they were more potent inhibitors of the pro-
liferative response of splenocytes induced by ConA than
induced by LPS. For 5 the sensitivity of ConA-stimu-
lated splenocytes to its inhibitory effect was shown to be
significantly higher than that presented by LPS-stimu-
lated splenocytes (IC50=2.96 uM vs 7.84 uM, respec-
tively; p<0.05).

The possibility of the antiproliferative effect of 3 and 5
being related to a toxic effect was ruled out since non-
stimulated and stimulated splenocytes, exposed to the
ICso concentrations of these diterpenes, presented
viabilities that ranged from 75 to 94%.

From these observations it can be concluded that roy-
leanone 3 and coleon 5 are potent inhibitors of mouse
T- and B-lymphocytes proliferation but T-cells are more
sensitive to the suppressive effect of these diterpenes.

2.3. Effect of 3 and 5 on the expression of CD69 by T-
and B- mouse lymphocytes

Further experiments were carried out to evaluate if the
antiproliferative effect of 3 and 5 was related with the
expression of CD69, the earliest marker of lymphoide
cell activation. For this aim, splenocytes were exposed
to the ICsq concentrations of 3 and 5 (4.62 and 6.10 uM
or 2.96 and 7.84 uM, respectively; see Table 2) and stim-
ulated either with Con A or LPS for 20 h, the time cor-
responding to the maximum expression of CD69 on
mouse splenocytes (data not shown). Non-stimulated
spleen cells were also treated with the same concentra-

Table 2. Effect of royleanone 3 and coleon 5 on the proliferation of
mouse splenocytes induced by ConA and LPS determined by [*H]
thymidine incorporation

Compd Mitogenic stimuli ICso (LM)
ConA LPS

3 4.621+0.85 6.10£0.06

5 2.96+0.29 7.84+0.41

Cyclosporin A 0.1440.01 0.58+0.02

Cyclosporin A was used as positive control. Results are the mean-
+SEM of 3-4 independent experiments.
4Values in pg/mL.

Cyclosporin A was used as positive control. Results are the mean-
+SEM of one experiment, performed in triplicate, and is representa-
tive of three experiments carried out independently.
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tions of these diterpenes. The expression of the CD69
antigen was studied in the different lymphocyte popula-
tions, T CD4+, T CD8+ and B-cells (Table 3).

As expected, in non-treated control cells, the percentage
of CD69 was markedly increased in T CD4+, T CD8 +
and B-cells after the Con A or LPS mitogenic stimuli
when compared with the percentage of this marker in
their correspondent non-stimulated cells. Treatment
with 3 was shown not to significantly affect (p>0.05)
the expression of the CD69 marker on the surface of
both populations either in non-stimulated or stimulated
splenocytes. On the contrary, treatment with 5 caused a
significant (p <0.05) decrease on the expression of the
CD69 marker in T CD8" and B-cells either in non-stim-
ulated or stimulated splenocytes. No variation of this
marker was observed in T CD4* lymphocytes.

From these results, it can be concluded that royleanone
3 has no effect on the basal levels of the CD69 cell sur-
face marker of non-stimulated splenocytes and does not
affect the expression of this molecule on ConA or LPS
stimulated splenocytes. However coleon 5 significantly
reduces the expression of CD69 on both stimulated and
non-stimulated T CD8" or B-cells, without affecting
this expression on T CD4 ™" cells.

2.4. Effect of 3 and S on apoptosis

In order to investigate whether 3 and 5 exerted their
antiproliferative activities against ConA stimulated
splenocytes by inducing apoptosis, a study on the
externalisation of phosphatidylserine (PS), using
Annexin V, was performed in treated and non-treated
stimulated spleen cells. Different apoptosis detection
times were explored (data not shown) with 6 and 24 h
being chosen for the apoptosis studies. Results from
Figure 1 showed as expected, that in non-treated cells
and for both times of incubation, the percentage of
apoptosis was higher in stimulated than in non-
stimulated splenocytes. Treatment with 3 and S for 6 h
had no significant effect on the apoptosis of non-
stimulated and stimulated splenocytes, when compared
with non-treated cells. Although a slight increase was
observed in the percentage of apoptotic cells, this was
not statistically significant (p>0.05). A 24-h exposure
was associated with higher levels of apoptotic cells when

compared with control cells, but only a significant vari-
ation was observed in stimulated splenocytes treated
with 5 (45.24+0.77% vs 24.824+1.96%; p <0.05).

3. Discussion

The study of the effect of the five natural abietane
diterpenes 1-5 on the mitogenic response of human
lymphocytes to PHA revealed that all, except 4, dis-
played an inhibitory effect on the proliferation of lym-
phocytes. Comparing the effects of the three related
royleanones 1, 3 and 4 it was concluded that the nature
of the substituents at C-7a was decisive for their anti-
proliferative effect. Royleanone 3 with an acetyl group
was found to be the most potent compound while the
presence of a hydroxy group in 4 was responsible for the
lost of activity. A possible explanation for the strong
activity of 3 could be the increase of lipophilicity caused
by acetylation. The presence of the fatty acid chain at
the same position in royleanone 1, increasing the lipo-
philicity even more, was associated with a higher activ-
ity. Nonetheless, it exhibited a poor suppressive effect
due probably to the hindrance caused by the large fatty
chain. The presence of intramolecular hydrogen bond-
ings in coleon U (5) or even the possibility of the for-
mation of a quinonoid structure by an oxidative
pathway could be possible explanations for the inter-
esting antiproliferative effect of this compound.

Since 3 and 5 exhibited the highest activities and are
representatives of two groups of diterpenes (royleanone
and coleon respectively), their antiproliferative effects
were explored in order to evaluate if they could affect
the proliferation of the B- and T-lymphocyte popula-
tions equally. For this purpose two mitogenic stimuli,
ConA and LPS, responsible for prevalent T- or B-cell
responses, were used. They were shown to strongly
affect the proliferation of the two lymphocyte popula-
tions, but the high sensitivity of the ConA-induced
splenocytes to both compounds leads us to conclude
that they inhibited T-lymphocytes preferentially. Dif-
ferences in sensitivity to T- and B-mitogenic stimuli
have been described for some flavonoids'®~!? and it was
suggested that this difference might reflect utilisation of
different pathways of cell activation.!> Once 3 and 5
inhibited the proliferation induced by either T- or B-

Table 3. Effect of royleanone 3 and coleon 5 on the expression of CD69 of T and B cells from BALB/c mice analysed by flow cytometry

ConA or LPS stimulation Diterpene treatment T CD4™ cells (%) T CD8™ cells (%) B cells (%)
No No 1.73£0.26 1.48+£0.02 6.77+£1.18
No 3 1.68+0.36 0.88+0.122 6.46+0.46
No 5 1.76+£0.34 0.7140.21° 3.74+0.69°
Yes No 16.68+1.03 14.53+1.20 56.42+4.55
Yes 3 14.93+1.00 11.91+0.70 44.79+9.82
Yes 5 15.95+1.35 9.52+1.63 10.61+0.99°

Results show means+SEM of 2-4 independent experiments, performed with triplicate cultures from a cell pool of three mouse spleens. Viability was

superior to 87% throughout the assays as determined by trypan blue assay.

2The variation of CD69 expression between royleanone 3 treated non-stimulated T CD8+ cells and control cells was not statistically significant

(p>0.05).

b A significant difference (p <0.05) in the expression of CD69 was observed between coleon 5 treated non-stimulated or stimulated T CD8+ and B

cells and non treated cells.
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Figure 1. Effect of 3 and 5 on apoptosis in BALB/c splenocytes analysed by flow cytometry. Splenocytes were stimulated or not with ConA and
treated or not with 3 or 5. Viability was always superior to 87% as determined by the trypan blue assay. Analysis of apoptotic cells, performed at 6
and 24 h, refers only to viable cells (PI exclusion). Data is from an experiment, performed with triplicate cultures from a cell pool of three mouse
spleens and is representative of five experiments carried out independently. Nonstimulated splenocytes exposed to UV light for 15 min and incubated
for 6 or 24 h, used as positive control of cells undergoing apoptosis, showed a percentage of 50 and 64%, respectively. The variation of the per-
centage of apoptotic cells between treated and non-treated control cells was statistically significant (*p <0.05) or not (*p>0.05).

stimuli, this could reflect an inhibition of one or more
pathways common to T- and B-lymphocyte prolifera-
tion. Activation of the transcription factor NF-kB has
been shown to be a key component of innate immu-
nity!# and its inhibition related with the suppression of
lymphocyte proliferation.!> Although the cellular
mechanisms responsible for the antiproliferative effect

of diterpenes remain to be determined, an interference
with NF-kB cannot be excluded since various terpe-
noids, including diterpenes, have been described as
potent inhibitors of NF-kB activation.'* An interference
with the cell signal transduction pathway such as pro-
tein kinase C and/or protein tyrosine kinase can also be
suggested as one possible mechanism responsible for the
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antiproliferative effect of these terpenoids. It is now
known that the proliferative signal is generated by
members of a family of protein tyrosine kinases (PTKs)
that catalyse the phosphorylation of cellular substrates,
which in turn lead to T-cell proliferation.'® Phosphor-
ylation of tyrosine also occurs in B-lymphocyte activa-
tion and is an obligatory event in IL-2 secretion.!” Some
terpenoids have shown to inhibit IL-2 production'$:"®
and once the production of IL-2 is an essential compo-
nent in the activation and maintenance of T-cell pro-
liferation, the inhibition of the mitogen-stimulated
lymphocyte proliferation by these abietane diterpenes
could also be related with the suppression of this inter-
leukin.

Although the role of the early marker of lymphocyte pro-
liferation CD69 in proliferation is not well defined, CD69
seems to be able to transduce signals resulting in gene
expression during cell proliferation.?® In an attempt to
find a correlation between its expression and lymphocyte
proliferation, the effect of 3 and 5 on the CD69 expres-
sion was evaluated on T CD4+, T CD8+ and B-cells.
Royleanone 3 did not alter significantly its expression,
which indicates that its antiproliferative effect is exerted
without interference with this marker. On the contrary,
coleon U (5) was found to affect CD69 expression on
TCDS8 + and B-lymphocytes effectively, suggesting that
its capacity to inhibit the proliferation of T- and B-cells
possibly involves the decrease of this marker.

Finally, it was evaluated if the impairment of lympho-
cyte proliferation caused by these compounds could
induce apoptosis of these cells. No relationship could be
established between royleanone 3 and this phenomenon
but a significant pro-apoptotic effect was observed in
ConA-stimulated cells after a 24 h treatment with
coleon 5. Therefore it is reasonable to assume that 5
exerted its suppressive effect towards T-cells through the
involvement of apoptosis.

The different potency presented by 3 and 5 in these two
cellular events, CD69 expression and the apoptosis
phenomenon, might reflect differences in the mechanism
of action underlying the antiproliferative activity of the
compounds of royleanone and coleon type.

4. Conclusions

From this work, it can be concluded that these two
abietanes (3 and 5), of the royleanone and coleon type
respectively, strongly suppress the proliferation of T-
and B-lymphocytes induced by mitogens, inhibiting
preferentially T-cell population. The antiproliferative
effect of coleon U (5) could be related with its capacity
to decrease the expression of CD69 and to induce lym-
phocyte apoptosis. No significant relationship could be
established among these events and the inhibitory effect
of royleanone 3, which might reflect differences in the
mechanism of action that underlies the antiproliferative
effect of the two groups of compounds. Although this
study did not ascertain the cellular mechanism under-
lying the suppressive effect of the royleanone and coleon

type abietane diterpenes, it demonstrated that these
compounds can affect the immune functional status and
might be considered an attractive candidates for devel-
opment of immunomodulatory drugs.

5. Experimental

5.1. Isolation of abietanes

Details concerning the extraction, isolation and struc-
ture elucidation of the abietane diterpenes 1-5 from P.
gradidentatus have been previously described.>*

5.2. Reagents

Foetal bovine serum (FBS), HEPES and RPMI-1640
medium were obtained from Gibco Invitrogen Cor-
poration (Scotland). [*H]thymidine was purchased from
Amersham (Arlington Heights, IL). R-Phycoerythrin
(PE)-conjugated hamster anti-mouse CD69, fluorescein
isothiocyanate (FITC)-conjugated rat anti-mouse CD4
and FITC-conjugated rat anti-mouse CD8 were
obtained from BD Biosciences (San Diego, CA). FITC-
conjugated goat anti-mouse IgM (anti-u) and the
Annexin V FITC Apoptosis Detection Kit were sourced
from PharMingen (San Diego, CA). Unless otherwise
indicated all other reagents were obtained from Sigma
(St Louis, MO).

5.3. Samples

Stocks solutions of the diterpenes 1-5 were prepared in
DMSO and stored at —20°C. The frozen samples were
freshly diluted to the desired final concentrations with
culture medium prior to the different assays. Final con-
centrations of DMSO did not interfere with any of the
biological activities tested.

5.4. Human peripheral blood mononuclear cells isolation

Human mononuclear cells were isolated from hepar-
inised peripheral blood of healthy volunteers by Histo-
paque-1077 density centrifugation. Human
mononuclear cells were adjusted to 2-3x10° cells/mL in
RPMI-1640 medium supplemented with 10% heat-
inactivated FBS, 2 mM glutamine and 50 pg/mL of
gentamicin (designated thereafter as culture medium).

5.5. Mouse splenocytes isolation

BALB/c mice were obtained from Harlen Iberica
(Spain). Mice were sacrificed by cervical dislocation and
spleens were removed and homogenised in a Petri dish.
Splenocytes were washed and adjusted to 5x10° cells/
mL in the culture medium supplemented with 20 mM
HEPES.

5.6. MTT-proliferation assay

The effect of diterpenes 1--5 on the mitogenic response
of human lymphocytes to PHA (10 pg/mL) was eval-
uated using a modified version of the colorimetric
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MTT-assay, previously described by our group.?!
Cyclosporin A was used as a positive control.

5.7. Thymidine proliferation assay

The effect of 7a-acetoxy-6B-hydroxyroyleanone (3) and
coleon U (5) on the proliferation of BALB/c mouse sple-
nocytes induced by the mitogens concanavalin A (ConA, 6
pg/mL) or lypopolyssacharide (LPS, 10 pg/mL) was
determined by [*H]thymidine incorporation. Cyclosporin
A was used as a positive control. Mouse splenocytes were
cultured in 96-well flat-bottom plates and exposed simul-
taneously to serial concentrations of 3 or 5 and to the
different mitogens, ConA or LPS for 48 or 72 h, respec-
tively, at 37°C. In the last 8 h of incubation 1 puCi of
[*H]thymidine was added. At the end of incubation,
pulsed cells were harvested on a glass filter 102*¥256 mm
(Skatron, Norway) using a semiautomatic cell harvester
(Skatron Instruments, Norway) and allowed to dry.
Incorporation of radioactive thymidine was determined
by liquid scintillation in a scintillation counter LS 6 500
(Beckman, CA). The concentration of compound giving
50% of inhibition of [*H]thymidine incorporation was
calculated comparing the arithmetic mean of counts per
min (cpm) of compound exposed cells with that of the
non-exposed cells (control cells).

5.8. Trypan blue viability assay

To evaluate a possible toxicity of diterpene 3 and 5
against stimulated and nonstimulated splenocytes, the
trypan blue exclusion assay was used. Cells were coun-
ted in a hemocytometer and splenocyte toxicity, deter-
mined in terms of percentage of viable cells, was
excluded when the viability of the compound exposed
cells, compared with that of the non-exposed control
cells, was greater than 70%.

5.9. Flow cytometry analysis of CD69 expression by
splenocytes

Mouse splenocytes, cultured in 96-well flat-bottom
plates, were treated with 4.6 uM of compound 3 or 3
UM of compound 5 and stimulated with ConA (6 pg/
mL) or treated with 6.1 uM of 3 or 6.8 uM of 5 and
stimulated with LPS (10 pg/mL), for 20 h at 37°C.
Nonstimulated splenocytes were also treated with the
same concentrations of these compounds. After incu-
bation, plates were placed on ice for 5 min and cells
transferred to U-well plates. They were washed and
ressuspended in PBS supplemented with 2% FBS (PBS-
FBS). Cell suspensions were incubated for 30 min at
4°C with saturing concentrations of PE-conjugated
hamster anti-mouse CD69 (detected by FL2-H) and
FITC-conjugated rat anti-mouse CD4 or FITC-con-
jugated rat anti-mouse CD8 or FITC-conjugated goat
anti-mouse Ig M (anti-u) (detected by FLI1-H). After
incubation, cells were washed three times with PBS-FBS
and centrifuged. Cells were ressuspended in PBS-FBS
and propidium iodide (PI, 1 pg) was added just before
acquisition. Flow cytometric analysis was performed in
a fluorescent activated cell sorter (FACSCalibur, BD
Biosciences, San Diego, CA). Lymphocytes were selec-

ted on the basis of FSC/SSC values and to viable cells,
once propidium iodide was used to exclude the dead
cells. To determine the percentage of CD69 in T CD4+,
T CD8+ and B cells the different cell populations were
positively gated.

5.10. Annexin V apoptosis assays

The detection of phosphatidylserine on the cell surface
of mouse splenocytes was performed with the Annexin
V FITC Apoptosis Detection Kit. Briefly, non-
stimulated and stimulated (ConA; 6 pg/mL) spleno-
cytes, cultured in 96-well flat-bottom plates, were
exposed or not to compound 3 (4.6 uM) or 5 (3 uM) for
6 and 24 h. They were then transferred to 96-U-well
plates (1x10° cell/well), ressuspended in the binding
buffer (100 plL) and stained with Annexin V FITC (2
puL) (detected by FL1-H). After 15-min incubation at
room temperature in the dark, PI (I pg) was added and
cells were analysed by flow cytometry. Lymphocytes were
selected on the basis of FSC/SSC values and to viable
cells, once propidium iodide was used to exclude the dead
cells. Non-stimulated splenocytes exposed to UV-light for
15 min and incubated as above for 6 and 24 h, were used
as positive control of cells undergoing apoptosis.

5.11. Statistics

Results are expressed as mean values+SEM (standard
error of the mean). The statistical significance of the
difference between control and treated samples was cal-
culated by the Student’s z-test. A p value lower than 0.05
was taken to be statistically significant.
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