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Concanamycin B Inhibits the Expression of Newly-synthesized MHC Class II
Molecules on the Cell Surface
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We screened natural chemical compounds which inhibit the expression of newly-synthesized
MHC class II molecules on the cell surface. IFN-y stimulates Colo 205 adenocarcinoma cells to
induce the expression of MHC class I, MHC class II, and ICAM-1 molecules on the cell surface.
We show here that concanamycin B inhibits the expression of MHC class IT molecules on Colo 205
cells , whereas it does not affect the expression of MHC class I and ICAM-1 molecules. Concanamycin
B also abrogates the enhancement of the MHC class II expression by IL-4 on mouse lymphocytes.
Furthermore, concanamycin B suppresses the antigen presentation by MHC class II molecules.

The 18-membered macrocyclic antibiotic con-
canamycin B was originally discovered as the inhibitor
of the proliferation of splenic lymphocytes by con-
canavalin AY. Recently concanamycin B was elucidated
to be an inhibitor of vacuolar H*-ATPase (V-ATPase)
and to inhibit cholesteryl-ester synthesis from oleate??.
The H*-ATPase in the vacuolar system is responsible
for generating the proton gradients for the various stages
of endocytic and exocytic pathways®. Concanamycin B
significantly delays the onset of secretion of the pro-
teins>.

By screening compounds which inhibit the cell-surface
expression of MHC class II molecules, we found that
concanamycin B inhibits the expression of functional
MHC class II molecules and suppresses the antigen
presentation by this molecule. MHC class II molecules
play a role of self/non-self discrimination in the immune
system and are also involved in the development of
autoimmune diseases®~1?. MHC class II molecules
typically assemble in the ER as a stoichiometric complex
with a nonpolymorphic invariant chain (li), a type II

integral membrane protein. This complex is transported
out of ER and through the Golgi, undergoing terminal
glycosylation during this passage. The MHC class 11-Ti
complexes then appear to move to lysosome-related
compartments. In these compartments the Ii chain is
removed from MHC class II molecules by proteases and
the peptide antigen processed in the lysosome then binds
to the MHC class IT molecule. This peptide-bearing dimer
transits to the cell surface and stimulates helper T cells.
Since acidotropic agents such as chloroquine (CQ) or
ammonium chloride inhibit antigen presentation by
MHC class II molecules, acidification in organelles is
critical for antigen presentation by these molecules!!*?.
We show here that concanamycin B is a more potent
and specific inhibitor of the antigen presentation by
MHC class IT molecules.

Materials and Methods

Preparation of Concanamycin B
Concanamycin B was extracted from the mycelium of
Streptomyces sp. AJ9467 with methanol. It was further
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extracted with ethyl acetate at pH 7.5 and purified by
silica gel with ethyl acetate and by HPLC ona YMC-Pack
D-ODS-5 column with an acetonitrile/water concentra-
tion gradient from 60~ 100%.

Transformations of Concanamycin B

(A) Concanamycin B aglycone

A solution of concanamycin B (4 mg) in aqueous 50%
acetic acid (0.2 ml) was stirred at 40°C for 15 hours and
then concentrated to give a crude syrup which was
chromatographed on silica gel with 1:1 benzene - ethyl
acetate to afford the aglycon of concanamycin B.

(B) Alkaline degradation product

A solution of concanamycin B (3mg) in 0.03N
NaOH-MeOH (0.2ml) was stirred at 25°C for 10
minutes. The solution was then neutralized with CG-50
resin (H* type) under ice-cooling, and the mixture was
filtered. The filtrate was concentrated to give a crude
product which was chromatographed on silica gel with
2: 1 benzene - ethyl acetate to afford alkaline-degradation
derivatives (1.1mg, 46%).

(C) Non-macrocyclic product

To an ice-cooling solution of concanamycin B (4 mg)
in dry MeOH (0.2ml) was added dl-10-camphorsulfonic
acid (CSA) (0.2 mg). After stirring at 25°C for 30 minutes,
the mixture was neutralized with amberlite IRA-400 resin
and filtered. The filtrate was concentrated to a crude
product which was chromatographed on silica gel with
1:4 benzene - ethyl acetate to afford O-methylconcana-
mycin B (2mg) in dry CH,Cl, (0.1 ml) was added a
solution of 1M diisobutylaluminum hydride (DIBAL) in
CH,Cl, (0.031 ml). After being stirred at 0°C for 30
minutes, to the mixture was added saturated aqueous
NH,Cl. The mixture was extracted with ether and the
extracts were concentrated. The residue was purified by
PTLC with 4:1 chloroform-methanol to afford the
derivative lacking the macrocyclic system.

Assay of V-ATPase

The membrane fraction from Colo 205 cells was pre-
pared as follows: cells were suspended in 20 mm MOPS-
Tris (pH 7.0) buffer containing 0.3M sucrose, 5mMm
EDTA, leupeptin (5 ug/ml) and pepstatin A (5 pug/ml).
After homogenization, the suspension was centrifuged at
1,000 x g for 7minutes and the supernatant was again
centrifuged at 200,000 x g for 30 minutes. The pellets
were washed once and suspended in the same buffer.
ATP-dependent H * -transport in the absence or presence
of concanamycin B was assayed by measuring the fluo-
rescence quenching of acridine orange in 20 mm MOPS-
Tris (pH 7.0) buffer containing 0.2 M sucrose, 0.1 M KCl,
2mmM MgCl,, 1 mm valinomycin and 5 mM acridineorange
(2ml). 5nM concanamycin B was added after and before
the addition of Mg-ATP. The activity was sensitive to
1mM N-ethylmaleimide and 50 nM bafilomycin Al but
insensitive to 5 ug/ml of oligomycin, 5 mm azide, or 1 mm
vanadate. Synaptic vesicles were prepared from rat brain
by previously described methods!*!®. ATP-dependent
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H ™" -transport in the absence or presence of concanamycin
B was assayed as above.

Cells and Culture Conditions

The lymphocytes from spleen or lymph node were
centrifuged through lympholyte-M (Cedarlane Co.) and
washed three times in RPMI-1640 medium, and used for
the experiments. A native goat immunoglobulin (NGG)
specific T cell clone, 52-2D, was established from BALB/c
mice immunized with NGG. Colo 205 adenocarcinoma
cells, WEHI-3 cells, and A20-2JB lymphoma cells were
cultured in RPMI-1640 supplemented with 10% FCS,
5x 10~ %M 2-mercaptoethanol, 100 ug/ml glutamine, 100
u/ml penicillin, and 100 u/ml streptomycin.

Immunofluorescent Staining

Cells were stained for phenotypic analysis essentially
as described before!® and analyzed using FACScan
(Beckton Dickinson). We used the following antibodies
and 2nd-step reagents: anti-HLA-DR mAb BS8.12.2,
anti-HLA-ABC mAb B9.12.1, anti-ICAM-1 mAb
84H10, anti-Ia¢ mAb MK-D6, anti-Ia* mAb 11~5.2,
goat anti-mouse fluorescein-conjugated antibody, and
streptavidin-phycoerythrin. Dead cells were stained with
propidiumiodide. The results represent the analysis of
5x 10° cells.

Quantitative Analysis of mRNA

Total cellular RNA was isolated from WEHI-3 cells
and ¢cDNA was specifically synthesized with total RNA
according to the following. The 20 ul reaction mixture
contained an enzyme buffer (50 mm Tris-HCl, 40 mm KCl,
ImMm DTT, 6 mm MgCl,, 0.1 mg/ml BSA, pH 8.3), 20
units of RNasin (Takara Co.), 10 pmol of 3' PCR primer,
10mMm (each) deoxynucleotide triphosphate, and 200
units of reverse transcriptase. This mixture was incubated
for 30 minutes at 37°C and was then diluted with 80 ul
of PCR buffer (5mM KCl/10mm Tris-HCl/1.5mMm
MgCl,/0.01% gelatin, pH 8.3), followed by the addition
of 50 pmol of the 3’ primer , 50 pmol of the 5 primer,
and 1 unit of Taq polymerase. The reaction was initiated
by denaturing the RNA-¢cDNA hybrid by heating at
95°C for 30 seconds, annealing the primers at 55°C for
30 seconds, and then extending the primers at 72°C per
minutes. Heat denaturation began the cycle over again;
the cycle was repeated 25 times by using a programmable
heatblock designed and manufactured by Cetus (Emery-
ville, CA). Oligonucleotides used for this experiment are
given below a chain (IA9): 5’ primer, GTATAACTG-
TATATCAGTCT, 3’ primer, GGAATCTCAGGTTC-
CCAGTG, f chain (IA%: 5 primer, GGAAACTCC-
GAAAGGCATTTCGTG, 3’ primer, GAGGAAGAT-
CACCCCAAGCACGCAGCC, 1i chain: 5 primer,
ATGGATGACCAACGCGACCTCATCTCTAAC, ¥
primer, TGCAGAGCTGGCCTCTGTCTTCACAGG-
GTGA, f actin: 5 primer, CCATTGAACATGGC-
ATTGTTACCAACTGGG, 3 primer, CTTCATGGT-
GCTAGGAGCCAGAGCAGTAA.
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T Celi Stimulation with anti-CD3 mAb

The 52-2D T cell clone (1 x 10%) was stimulated for 12
hours with anti-CD3 mAb (2Cl11) cross-linked to Fc
receptor on A20-2J cells (1 x 10°), which were pretreated
with 50 nM concanamycin B for 4 hours. IL-2 activity in
the culture supernatant was measured by mouse IL-2
ELISA (Collaborative Research, Boston, MA).

Antigen Presentation Assay

A20-2] cells (1 x 10°) were incubated with the indicated
concentrations of normal goat immunoglobulin antigen
(NGG) at 37°C in a 5% CO, incubator for 4 hours in
the absence or presence of 50 nM concanamycin B. The
cells were then washed three times with medium,
following which they were cocultured with an antigen-
specific T cell clone, 52-2D (1x10%), for 12 hours.
Antigen presentation was analyzed by measuring the 1L-2
in supernatant by IL-2 ELISA.

Results

Concanamycin B Inhibits the Expression of

Newly Synthesized MHC Class 11 Molecules
The expression of MHC class II and ICAM-1
molecules on Colo 205 adenocarcinoma cell line was
induced by treatment with IFN-y. The expression of
MHC class T molecules on Colo 205 cells was also
enhanced by such treatment (Fig. 1-A). By utilizing this
system, we screened the natural chemical compounds
which specifically inhibited the MHC class II expression.
Asshown in Fig. 1-A, concanamycin B (50 nMm) selectively
suppressed the induction of MHC class II molecules,
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whereas it did not affect the expression of MHC class 1
and ICAM-1 molecules (Fig. 1-A). We also examined
the effect of concanamycin B treatment on the MHC
class II expression on mouse myelomonocyte WEHI-3
and mouse splenic cells. As shown in Fig. 1-B, MHC
class II molecules were induced on WEHI-3 cells by
IFN-y. Though MHC class II molecules are constitutive-
ly expressed on splenic cells, IL-4 treatment enhances
the expression. For those cells, concanamycin B again
effectively abrogated the induction of MHC class 11
molecules (Fig. 1-B).

Since both CQ and brefeldin A (BFA) have been
demonstrated to suppress cell-surface expression of
MHC class IT molecules!®17, therefore, we investigated
the effect of CQ and BFA on the induction of MHC
class I, MHC class II and ICAM-1 molecules on Colo
205 cells. BFA, which blocks the egress of préteins from
ER, completely suppressed the expression of these
cell-surface glycoproteins (Fig. 1-A). Since 50 um CQ
partially suppressed the expression of MHC class 11
molecules without influencing MHC class I and ICAM-1
expression, we increased the concentration of CQ to
200 um to completely inhibit the expression of MHC class
IT molecules. However, under this condition it also
abrogated the expression of MHC class I and ICAM-1
molecules (Fig. 1-A). These results suggest that con-
canamycin B is more potent and allows a more specific
inhibition of MHC class II expression than CQ or BFA.

Fig. 1. Concanamycin B selectively suppresses the expression of MHC class 11 molecules.

(A) Colo 205 cells were cultured with hIFN-y (500 units/ml) in the absence or presence of concanamycin B (50 nM),

chloroquine (250 um) or brefeldin A (1 ug/ml) for 18 hours. (B) WEHI-3 cells and lymph node cells from C3H mice were
cultured with mIFN-y (400 units/ml) or mIL-4 (200 units/ml) in the absence or presence of concanamycin B (50 nm) for 18
hours, respectively. Afterward, MHC class II expression was analyzed.
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The V-ATPase Inhibition Correlates with the
Inhibition of MHC Class II Expression

In order to examine the ¢orrelation between V-ATPase
activity and MHC class II expression, we generated
derivatives of concanamycin B and examined their
inhibitory activities. As shown in Fig. 2, concanamycin
B inhibits V-ATPase: from Colo 205 celis and from
synaptic vesicles. We used the V-ATPase from synaptic
vesicles for V-ATPase inhibition assay and Colo 205 cells
for the assay of MHC class II inhibition. Concanamycin

B is an 18-membered macrolide with a long side chain-

Fig. 2. Concanamycin B inhibits V-ATPase from Colo 205
cells and synaptic vesicles.

V-ATPase, in Colo 205 cells (a) and synaptic vesicles (b)
were inhibited by concanamycin B.
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5nM concanamycin B was added after and before the

addition of Mg-ATP for traces 1 and 2, respectively. The

activity was sensitive te 1 mM N-cthylmaleimide and 50 nm

bafilomycin Al but insensitive to 5 ug/ml of oligomycin,
5mM azide, or 1 mM vanadate.
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which incorporates a six membered hemiketal ring with
a 3-carbamate derivative of 2-deoxy-f-D-rhamnose
moiety (Fig. 3-a). Removal of the sugar moiety increased
the inhibitory effect on both V-ATPase and MHC class
IT expression, suggesting the f-D-rhamnose structure to
be dispensable for both biological activities (Fig. 3, Table
1). Although alkaline degradation decreased both types
of activity, this transformation is not critical. However,
hydride reduction of the 18-membered lactone complete-
ly destroyed its inhibitory activities for both V-ATPase
activity and MHC class IT expression (Fig. 3, Table 1).
Therefore, the 18-membered macrolide structure in
concanamycin B is critical for both biological activities.
The inhibition of MHC class II expression should be
mediated through V-ATPase inhibition by concanamycin
B. We also examined the effect of bafilomycin A1 (Fig.
3-¢), which is another V-ATPase inhibitor'®, on the
expression of MHC class IT molecules. Bafilomycin Al
inhibits the MHC class II expression as well as con-
canamycin B (Table '1). The structural comparison of the
18-membered macrolide in concanamycin B with the

Table 1. Inhibition of V-ATPase and expression of MHC
class IT molecules by the derivatives of concanamycin B.

Inhibition IC;, (nM)

Derivatives
V-ATPase MHC class 1T
a 5.0 4.0
b 0.6 0.7
c 9.5 20.0
d > 1000.0 >1000.0
e 4.0 5.0

(a) Concanamycin B, (b) concanamycin B aglycone, (c)
alkaline-degradation product, (d) non-macrocyclic prod-
. uct, () bafilomycin Al.

Fig. 3. Chemical structures of bafilomycin Al, concanamycin B and derivatives of concanamycin B.

(d) Non-macrocyclic product

(e) Bafilomycin Al
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16-membered macrolide in bafilomycin Al suggests that
two conjugated trans-diene systems might be important
for their biological activities.

Concanamycin B does not Inhibit the
Transcription of MHC Class 11
and Ii Genes

We next examined whether concanamycin B influences
transcription of MHC class I1 o, 8, and invariant Ii chain
genes in WEHI-3 celis. Total RNA prepared from cells
was reverse transcribed and ¢cDNAs from transcripts
were amplified under the condition of quantitative PCR.
The transcription of MHC class Il «, 5, and i chain
genes was induced by IFN-y. Concanamycin B did not
affect their transcription (Fig. 4). Concanamycin B,
therefore, blocks MHC class II expression post-tran-
scriptionally.

Concanamycin B Inhibits Antigen Presentation
by MHC Class 11 Molecules

Since it has recently been shown that physiologically
processed products derived from exogenous antigens

Fig. 4. The effects of concanamycin B on the transcription
of MHC class II («, ) and Ii genes.
’ 1A%e  1A%8 li A-Actin

—

2 3 231231 2 3MwW(bp)

Lanes 1, 2, and 3 represent the following treatments:
None, mIFN-y (500 units/ml, 24 hours), and mIFN-y plus
50nM concanamycin B (24 hours), respectively. Total
cellular RNA was isolated from WEHI-3 cells. cDNA was
specifically synthesized with 1 ug of total RNA.
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bind to the newly maturing population of MHC class 11
molecules rather than binding to the preexisting cell
surface population!®~2Y), therefore we investigated the
effect of concanamycin B on antigen presentation by
MHC class II molecules.

We utilized A20-2] B lymphoma cells as antigen
presenting cells and a normal goat immunoglobulin
(NGG) specific T cell clone, 52-2D, as responder cells.
When NGG antigen is incubated with antigen presenting
cells, antigen is internalized into the cells by endocytosis
and processed to antigen peptide. This antigen peptide
binds to MHC class II molecules in the cells and they
are transported to the cell surface. The antigen presented
by the MHC class II molecules stimulate helper T cells

“to proliferate and produce IL-2. TCR associates with

CD3 glycoprotein which is necessary for the surface
expression of TCR and the signal transduction. Anti-
CD3 mAb are strongly mitogenic under appropriate
condition?2~2%, At first, we tested the effect of con-
canamycin B on the production of IL-2 by 52-2D T cells.
Anti-CD3 mAb cross-linked to Fc receptor on A20-2J
cells stimulates T cells to proliferate and produce IL-2
as antigen presented by MHC class IT molecules does.
We used cyclosporin A for control experiment?®:29),
Cyclosporin A inhibits the production of IL-2 without
the influence on T cell proliferation. However, con-
canamycin B did not affect the production of IL-2 even
if it inhibits the proliferation of T cells (Fig. 5-A). These
data eliminate the possibility that concanamycin B has
some effect on antigen-induced IL-2 production by T
cells. Therefore, we examined the antigen presentation
by measuring the IL-2 production after T cells were
cultured with antigen presenting cells. As shown in Fig.
5-B, antigen presentation was carried out in an antigen-

Fig. 5. The effect of concanamycin B on the production of 1L-2, proliferation of T cells, and antigen presentation.

(A) Concanamycin B does not inhibit the IL-2 production by 52-2D T cells stimulated with anti-CD3 mAb cross-linked
to A20-2J B lymphoma cells even if it inhibits the proliferation of 52-2D T cells. (B) Concanamycin B inhibits the antigen

presentation by A20-2J B lymphoma cells.
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None None
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dependent fashion, whereas antigen presentation by
A20-2] cells was abrogated in the presence of con-
canamycin B. These results suggest that concanamycin
B inhibits antigen presentation.

Discussion

Based on the chemical structure of active site in
concanamycin B for inhibition of MHC class II ex-
pression, we found that leucanicidin®” or hygrolidin?®
have the same inhibitory activities as concanamycin B
(data not shown). We also examined the effect of FK506
and cycrospolin A on the inhibition of MHC class II
expression. Those immunosuppressors. didn’t affect the
MHC class II expression. Acidtropic agents such as
chloroquine, ammonium chloride, and ionophore
monensin require higher concentration to inhibit MHC
class II expression and their specificity is lower than
concanamycin B. Concanamycin B is a potent inhibitor
of MHC class II expression.

How does concanamycin B inhibit the expression of
MHC class IT molecules? The biosynthesis of MHC
class 1T molecules starts with the assembly of « and f§
subunits and the Ii chain. In the course of intracellular
transport, the MHC class II molecules associated with
Ii chain is removed in the endosome pathway and finally
MHC class II a-f heterodimer is expressed on the cell.
Since concanamycin B affect the post-transcriptional
biosynthesis of MHC class II molecules (Fig. 4), we
examined the effect of concanamycin B on the intracel-
lular transport of MHC class 1I molecules. Dissociation
of Ii chain from MHC class II molecule was inhibited
by concanamycin B treatment and most of the MHC
class IT o, heterodimer associated with Ii chain were ac-
cumulated inside the cell?®. Interestingly concanamycin
B treatment increases the expression of Ii and li-MHC
class IT af complex on the cell surface?®. Therefore,
concanamycin B inhibits the transport of MHC class IT
molecules to the cell surface by neutralization of vac-
uolar compartments which prevents the dissociation of
Ii chain.

Regarding the inhibition of antigen presentation by
concanamycin B, we believed that concanamycin B is
most likely involved in preventing the formation of
mature MHC class II complexes and proper processing
of antigens. Since the acidification is important for the
phagocytosis and endocytosis of antigen®®, the uptake
of antigen into antigen-presenting cells may be thwarted.
In addition, concanamycin B may also inhibit the
degradation of exogenous antigens in the endosomes and
lysosomes by elevating the pH, because an acidic pH
3~4 is necessary for optimal activity of the proteases
involved in degradation. As described above, con-
canamycin B obstructs the dissociation of the Ii chain
from the MHC class IT molecules. As a result the Ii chain
which is still associated with the MHC class II molecules
might interfere with proper binding of a peptide.
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However, even if the antigenic peptides-are able to bind
to this immature Ii-MHC class 1I molecule the antigen

probably still can not be presented due to the decreased
ability of the complex to be transported to the cell surface
or T cells can not recognize the antigen presented by the
immature Ili-MHC class IT complex.
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