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ABSTRACT. The present study determines the amounts and patterns of glycosaminoglycans stored in cultured
corneal fibroblasts after treatment with tilorone and three related compounds. The compounds have immuno-
modulatory properties and have been shown to impair the lysosomal degradation of glycosaminoglycans as a side
effect. This side effect has been described as drug-induced mucopolysaccharidosis because the induced lysosomal
storage of glycosaminoglycans leads to cellular lesions resembling those in patients with inherited mucopoly-
saccharidosis. In the present study, the dose-dependency of glycosaminoglycan storage was analyzed after treat-
ment (96 hr) of bovine corneal fibroblasts. The investigated drug concentrations ranged from low concentrations
inducing cytological lesions typical of drug-induced mucopolysaccharidosis to high concentrations at the bor-
derline of cytotoxicity. The intracellular amounts of dermatan sulfate, heparan sulfate, and chondroitin sulfate
were quantified by densitometric scanning of Alcian Blue-stained bands after electrophoresis. All investigated
compounds induced a predominant dermatan sulfate storage (3—4-fold accumulation) at low drug concentra-
tions. With rising drug concentrations, a shift of the pattern of stored glycosaminoglycans was observed,
characterized by the additional accumulation of heparan sulfate (up to 5-fold of control levels). In cultured
human fibroblasts, tilorone also caused a marked dermatan sulfate storage, reaching maximum values at 5 pM
and marked heparan sulfate storage at 20 pM. The present data provide evidence: (a) that selective dermatan
sulfate accumulation is a characteristic feature of drug-induced glycosaminoglycan storage in cultured bovine and
human fibroblasts, if these cells are treated with low concentrations (< 5 pM), that are likely to reflect the
situation in vivo; and (b) that additional heparan sulfate storage is induced in vitro only by treatment with high
concentrations that induce nonspecific cellular lesions. BIOCHEM PHARMACOL 52;9:1331-1337 , 1996.  Copyright
© 1996 Elsevier Science Inc.
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lysosomotropic agents

The synthesis of GAGT chains takes place in the Golgi
apparatus, where the carbohydrate residues become at-
tached to protein cores. The resulting PGs are subsequently
secreted into the extracellular space or are integrated into
the cell membrane-associated (pericellular) PG pool [1].
Degradation of intracellular and pericellular PGs occurs in
the endosomal and lysosomal compartments after endocy-
tosis. The present study deals with drug-induced lysosomal
GAG storage that is, as a side effect, induced by a group of
dicationic compounds. These compounds have been con-
sidered for medical use because of their immunomodulatory
properties [2—4]. Investigations concerning this side effect
in a rat model [5-7], and cultured cells of several species
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[8-11], revealed that these compounds interfere with the
lysosomal catabolism of GAGs.

It has been shown that in vitro at least two mechanisms
play a role in the induction of this storage phenomenon.
First, at low concentrations of tilorone, complex formation
between GAGs and tilorone molecules within the lyso-
somes has been suggested to impair GAG degradation [6,
7). This hypothesis was indirectly supported by the finding
that a selective storage of free DS chains in cultured fibro-
blasts [12] is paralleled by a specific interaction between
tilorone and free DS chains in aqueous solutions, as shown
by NMR spectroscopy [13]. Second, at high drug concen-
trations in vitro, the above mechanism becomes superim-
posed by a nonspecific effect [14, 15] that tilorone shares
with other weak bases, such as ammonia. Those weak bases
induce mistargeting of lysosomal proenzymes because of el-
evated endosomal pH values. Tilorone concentrations =
10 M enhance the secretion of lysosomal proenzymes in
cultured bovine fibroblasts {15] and induce the occurrence
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of nonspecific morphological lesions. Biochemical analysis
of stored material revealed that, after treatment with 20
M tilorone, 50% of accumulated GAGs were stored as
integral parts of PGs rather than as free chains, and that
additional storage of HS occurred [12]. It is quite unlikely
that the latter mechanism is responsible for GAG storage in
vivo, because (a) drug concentrations > 10 uM will not be
reached in the extracellular fluids of intact organisms, and
(b) the morphological lesions occurring in lysosomes of
intact organisms could be reproduced in cultured cells only
by low drug concentrations.

The aim of the present study was to characterize the
concentration-dependency of tilorone-induced storage of
DS, HS, and CS. Furthermore, the effect of three other
substances with molecular structures similar to tilorone was
analyzed. The three congeners of tilorone (Fig. 1) have
previously been shown to be as potent as tilorone in causing
GAG storage in rats and cultured cells [5, 6, 10, 11]. The
investigation of these compounds invites considerations on
structure-activity relationships, because they are character-
ized by different aromatic ring systems: fluorenone (tilor-
one), fluorene (RMI-10.233), acridine (CL-90.100), and
anthraquinone (RMI1-10.024).

The present data suggest that all investigated compounds
are capable of predominantly interfering with DS degrada-
tion at low concentrations. Additionally, it was found that
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low concentrations of tilorone predominantly induce stor-
age of DS in human peridontal fibroblasts, as well.

MATERIALS AND METHODS
Materials

Tilorone (2,7-bis[2-(diethylamino)ethoxy]fluorene-9-one)
was kindly provided by Marion Merrell Dow Research In-
stitute, Marion Merrell Dow, Inc. (Cincinnati, OH,
U.S.A.) and CL-90.100 (3,6-bis[2-(diethylamino)eth-
oxylacridine) by the American Cyanamid Co. Lederle
Laboratories (Pearl River, NY, U.S.A.). RMI-10.024 (2,6-
bis[2-(diethylamino)ethoxy]anthraquinone) and RMI-
10.233 (2,7-bis[4-(piperidino)butyryl]fluorene) were from
Sigma (Miinchen, Germany). The following materials were pur-
chased from the suppliers indicated: media and solutions for
cell culture from Biochrom (Berlin, Germany) and Boeh-
ringer (Mannheim, Germany); plastic culture flasks from Falcon
{Becton-Dickinson, Heidelberg, Germany); DEAE-
Trisacryl M IBF from Serva (Heidelberg); cellulose acetate
membranes from Bender & Hobein (Moers, Germany); am-
monium chloride, dermatan sulfate (bovine mucosa), chon-
droitin-4 sulfate (bovine trachea), heparan sulfate (bovine
kidney), chondroitin ABC lyase (Proteus wvulgaris, EC
4.2.2.4), chondroitin AC lyase I (Arthrobacter aurescens,
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EC 4.2.2.5) and heparin lyase III (Flavobacterium hepari-
num, EC 4.2.2.8) from Sigma (Munich, Germany) and Al-
cian Blue 8 GS from Fluka (Buchs, Switzerland). The other
chemicals were of analytical grade and obtained from
Merck (Darmstadt, Germany) and Sigma (Munich, Ger-
many).

Cell Culture

The bovine corneal fibroblasts were obtained by the tech-
nique described previously [9] and human desmodontal fi-
broblasts were derived from desmodontal tissue explants of
a healthy male [9]. The cells were grown in Eagle’s minimal
essential medium (MEM) with Earle’s salts supplemented
with 10% (v/v) fetal calf serum, nonessential amino acids,
and penicillin/streptomycin (100 IU/100 pg per mL) at 37°
and 5% CQO,. The split ratio for confluent monolayers for
bovine and human fibroblasts was 1:3 and 1:2, respectively;
cells from passages 4-8 were used.

Drug Treatment

The fibroblasts were seeded into 75 cm? plastic flasks.
When monolayers had reached confluency, the experi-
ments were started by supplying fresh medium containing
the drugs. Exposure lasted 95 hr with no change of medium
during this period. The ratio of medium volume per culture
surface was kept constant at 0.37 mL/cm? in all experi-
ments. Cultures kept simultaneously without addition of
drugs served as controls.

GAG Analysis

GAGs were isolated from three compartments. Secreted
(extracellular) GAGs were obtained from the culture me-
dium. After removal of the medium, cells were washed with
PBS and harvested by mezns of trypsin (0.1% (w/v), 10
min, 37°C). Cells were centrifuged and pericellular GAGs
obtained from the supernatant. The fibroblasts were ho-
mogenized prior to isolation of intracellular GAGs.
Subsequently, GAGs from the three compartments were
isolated as described previously [13]. Briefly, after a B-elimi-
nation reaction, GAGs were isolated by means of anion-
exchange chromatography (DEAE-Trisacryl M IBF). After
dialysis, samples were lyophilized and dissolved in appro-
priate volumes of deionized water. The separation of GAGs
with respect to the different carbohydrate backbones was
achieved by cellulose acetate electrophoresis in 0.1 M
Ba(CH;COQ),-buffer [16]. In addition, GAGs were iden-
tified by enzymatic degradation procedures. Parallel diges-
tions were performed with chondroitin ABC lyase, chon-
droitin AC 1I lyase, and heparin lyase 11I. Digestion with
each of the enzymes was performed with 0.05 units of the
respective enzymes in a total volume of 200 pL. The
samples were incubated (37°C) for 30 min in the case of
chondroitin ABC lyase and chondroitin AC 11 lyase, and
for 60 min in the case of heparin lyase 1II. After the de-
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polymerization procedures, the samples were applied to
electrophoresis. Because the B-elimination reaction re-
sulted in a cleavage of the protein-carbohydrate linkage
region, it should be emphasized that the data did not allow
conclusions as to whether the indicated GAGs originated
from intact proteoglycans or had existed as free GAG
chains in the culture system. This premise underlies the way
the abbreviation GAG is used throughout the text.

The quantitative analysis of the GAG pattern was ac-
complished by densitometric scanning [568 nm] of Alcian
Blue-stained strips. Samples were quantified by means of
standard curves established by plotting known amounts of
reference GAGs vs the area under the corresponding den-
sitometric curves. After treatment with the indicated con-
centrations of drugs, the amount of intracellular GAGs was
expressed as the percentage of untreated control cells, cul-
tured simultaneously under identical conditions.

RESULTS
Bovine Corneal Fibroblasts

In a preceding study, DS was shown to account for 70% of
total GAGs present in the intracellular compartment of
untreated bovine corneal fibroblasts [13]. The relative pro-
portions of CS and HS were found to be 20% and 10%,
respectively. Figure 2B (lane C) shows an electrophoretic
separation of intracellular GAGs isolated from control
cells. The Alcian Blue-stained bands on electrophoretic
strips could be characterized by digestion with the chon-
droitinases and heparin lyase III (Fig. 2C). In addition, we
observed in radiolabeling studies that *°SO,* -labeled
GAG:s of control and treated fibroblasts (tilorone 3 and 20
M, C1-90.100 3 pM) could be completely depolymerized
by chondroitinase ABC and subsequent incubation with
HNQO, [12]. Taken together, these findings suggest that DS,
CS, and HS are the GAGs predominantly produced by
bovine corneal fibroblasts in culture, which is in line with
previous reports [13, 17, 18]. Therefore, no further qualita-
tive analysis was performed. Kevatan sulfate, although be-
ing an important GAG of the corneal stroma in vivo, is not
synthesized by bovine corneal fibroblasts under cell culture
conditions [17, 18].

INTRACELLULAR GAG STORAGE. After treatment of cul-
tured bovine fibroblasts with various concentrations of the
four bis-basic compounds, the intracellular GAGs were iso-
lated, separated by cellulose acetate electrophoresis, and
quantified by densitometric scanning of Alcian Blue-
stained bands.

In the present study, tilorone was found to induce accu-
mulation of intracellular DS and HS in a concentration-
dependent manner (Fig. 2A and B). The dose-response
curves showed that the range of concentrations that in-
duced either maximum DS storage or maximum HS storage
could be separated. DS was the GAG stored predominantly
at concentrations < 5 uM, whereas the intracellular
amount of HS increased markedly at higher drug concen-
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FIG. 2. Bovine corneal fibroblasts; tilorone. Concentration-
dependent effects of tilorone on the intracellular levels of
DS (@), CS (H), and HS (A). The fibroblasts were exposed
to the indicated concentrations of tilorone for 96 hr. (A)
Dose-response curves (mean x SEM, N = 4-9); intracellular
GAGs were quantified after electrophoresis by means of
densitometric scanning of Alcian Blue-stained bands and
expressed as percentage of untreated controls; (B) Repre-
sentative electrophoretic separations of intracellular GAGs
of controls (lane C) and cultures treated with the indicated
concentrations of tilorone. The separation of reference
GAG HS, DS, and CS is depicted in the left lane (R). (C)
Enzymatic degradation of intracellular GAGs isolated from
tilorone-treated (20 pM) fibroblasts. The different lanes in-
dicate the GAGs incubated with control buffer of chondroi-
tin lyase (J), chondroitin lyase ACII (ACII), chondroitin
lyase ABC (ABC), and heparin lyase III (Heplll). The sepa-
rations of GAGs incubated with the other control buffers are
not shown.

trations. Concerning CS, no statistically significant
changes could be observed. At concentrations above 20
1M tilorone, the dose-response curves leveled off (HS) or
revealed decreasing intracellular galactosaminoglycan con-
tent (DS, CS) because of nonspecific toxicity.

The acridine derivative CL-90.100 induced storage of
DS and HS, whereas CS accumulation could not be ob-
served (Fig. 3). A pronounced DS storage was induced at
concentrations < 4 wM, whereas a statistically significant
HS storage occurred at concentrations = 4 pM. When
compared with the effects of tilorone, the dose-response
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FIG. 3. Bovine corneal fibroblasts; CL-90.100. Dose-
response curves for intracellular DS (@), CS (W), and HS
(A) accumulation. Fibroblasts were exposed for 96 hr to the
acridine derivative. The depicted curves are based on den-
sitometric scans of electrophoretically separated GAG bands

(Alcian Blue stain). The indicated values represent means =
SEM (n = 5-9).

curves for storage of DS and HS were shifted to lower
concentrations. Treatment with the anthraquinone deriva-
tive RMI-10.024 and the fluorene derivative RMI1-10.233
(Figs. 4 and 5) caused GAG storage with patterns similar to
those evoked by CL-90.100 and tilorone. Again, HS accu-
mulation occurred at higher concentrations than did DS
accumulation. RMI-10.233 could not be used in concen-
trations higher than 10 wM because of its toxicity. The
enzymatic digestion of intracellular GAGs after treatment
with CL-90.100, RMI-10.024, and RMI-10.233 (data not
shown) yielded results identical to those shown for tilorone
(Fig. 2C).

At low concentrations of tilorone (< 5 uM), CL-90.100
(=< 4 pM), RMI-10.024 (< 5 pM), and RMI-10.233 (< 5

M), intracellular DS content was increased by factors of
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FIG. 4. Bovine corneal fibroblasts; RMI-10.024. Concentra-
tion-dependency of intracellular GAG accumulation [DS
(@), CS (), HS (A)] after treatment (96 hr) with the an-
thraquinone derivative. The data were obtained by densito-
metric scanning of Alcian Blue-stained cellulose acetate
strips; mean £ SEM, n = 3-5.
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FIG. 5. Bovine corneal fibroblasts; RMI-10.233. Concentra-
tion-dependent effects of the fluorene derivative on the ac-
cumulation of intracellular DS (@), CS (H), and HS (A) in
cultured bovine fibroblasts. The data were obtained after
electrophoretic separation of GAGs on cellulose acetate
strips and subsequent densitometric scanning (Alcian Blue
stain); mean + SEM, n = 3-5.

3—4, whereas HS levels were hardly elevated. Taking into
account that, in control cultures, 70% of intracellular
GAG:s consist of DS, it could be calculated that, at low drug
concentrations, the accumulated GAGs consisted predomi-
nantly of DS (> 90%).

EXTRACELLULAR DS LEVELS AFTER DRUG TREATMENT.
In a previous study, it was shown that treatment of bovine
corneal fibroblasts with 5 uM tilorone (96 hr) does not
affect the amount of secreted DS [13]. This was also dem-
onstrated in the present study for 3 pM CL-90.100 (99 +
16%) and 3 wM RMI-10.024 (115 = 14%), suggesting that
the pronounced drug-induzed DS storage was, at least at
low concentrations, not due to disturbed secretion of DS-
PGs into the culture medium.

The finding that tilorone-induced DS storage started to
decline at concentrations higher than 10 pM (Fig. 2A)
raised the question as to whether or not decreased synthesis
of DS-PGs might diminish the extent of DS accumulation.
This question was addressed by quantification of the
amount of extracellular DS at the end of the incubation (96
hr) with 20 uM tilorone. The amount of extracellular DS
was found to be decreased to 54 + 9% (mean + SEM, N =
4) compared with untreated controls, suggesting that the
secretion and/or synthesis of DS was impaired under this
condition.

Human Desmodontal Fibroblasts

In cultured human desmocdontal fibroblasts, DS accounted
for 53 + 5%, CS for 30 + 3%, and HS for 17 + 4% of total
intracellular GAGs (mean. + SEM, N = 4). In the extra-
cellular compartment, DS and CS were found to be the
only constituents. The pericellular GAG pool was repre-
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sented mainly by HS and CS with only minor amounts of
DS (Fig. 6A). In addition to the results of electrophoretic
separation, the identity of GAGs was proved by enzymatic
digestion of CS by chondroitin AC I1 lyase, of DS and CS
by chondroitin ABC lyase, and of HS by heparin lyase II1.
The results of the enzymatic depolymerization of intracel-
lular GAGs are shown in Fig. 6B. The observation that the
CS band on the electrophoresis was not completely de-
graded by chondroitin AC II lyase suggests that it consisted
of CS/DS copolymers, which have also been found in bo-
vine corneal fibroblasts and in many other cell types [13,
19-21}. The present characterization of GAGs corresponds
to the proteoglycans produced by human peridontal fibro-
blasts [22].

Human desmodontal fibroblasts were treated (96 hr)
with 5 and 20 pM rtilorone. The intracellular contents of
HS, DS, and CS were found to be elevated after treatment
with 5 pM and 20 uM tilorone (Fig. 7). Interestingly, as in
the bovine fibroblasts, DS was the GAG accumulating to
highest levels after treatment with 5 pM tilorone. Because
elevation of the tilorone concentration to 20 uM led only
to a small, statistically nonsignificant, increase of DS accu-
mulation, it may be assumed that the storage of DS had
already reached maximum values at 5 WM. In contrast, HS
storage reached its highest values (7-fold accumulation) at
20 pM. CS was accumulated only 2-fold at either tilorone
concentration.
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FIG. 6. Human desmodontal fibroblasts. (A) Cellulose ac-
etate electrophoresis of GAGs isolated from the intracellular
(ic), pericellular (pc), and extracellular (ec) compartments.
The left lane shows the positions of reference GAGs (R). (B)
Electrophoretical separation of enzymatically digested
GAG:s isolated from the intracellular compartment of hu-
man peridontal fibroblasts after treatment with 5 pM tilor-
one. The different lanes indicate electrophoresis after incu-
bation with control buffer of the chondroitin lyase ACII
digestion ((J), chondroitin lyase ACII (ACII), chondroitin
lyase ABC (ABC), and heparin lyase II (HeplII). The elec-
trophoresis of GAGs incubated with the other control buff-
ers is not shown.
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To compare the effects of tilorone with those of ammo-
nia, which is known to cause enhanced secretion of lyso-
somal enzymes [23, 24], the human fibroblasts were treated
with 10 mM NH,CI for 96 hr. Under this condition, the
distribution pattern of accumulated GAGs was different
from that seen with tilorone (Fig. 7). HS storage (5-fold
accumulation) was more pronounced than DS storage
(3-fold accumulation), which was, in turn, weaker than
DS storage after treatment with 5 and 20 pM tilorone,
emphasizing the selectivity of tilorone-induced DS accu-
mulation. These dara are in line with previous results ob-
tained in cultured bovine fibroblasts after treatment with
ammonia [13].

DISCUSSION

Although the details of the pathomechanism of drug-
induced mucopolysaccharidosis are still under discussion,
there is no doubt that drug-induced GAG storage is due to
impaired lysosomal degradation of GAGs [14, 15]. Lyso-
somal trapping of these compounds is proposed to be a
prerequisite for inhibition of lysosomal GAG catabolism.
After drug accumulation in acidic compartments, which is
driven by the protonization of the two basic nitrogen atoms
located in the side chains, millimolar concentrations of
drugs were shown to be reached within the lysosomes [13,
25]. In previous studies, lysosomal drug accumulation for
tilorone was demonstrated by quantification of drug uptake
[13] and for CL-90.100 by fluorescence microscopy [11].
Histochemical examination of cultured cells treated with
low concentrations (= 5 uM) of these compounds proved
that the accumulation of GAGs takes place within the
lysosomes. This leads to characteristic storage lysosomes
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FIG. 7. Human desmodontal fibroblasts. Effect of tilorone (5
and 20 pM) and NH,CI (10 mM) on the intracellular levels
of HS, DS, and CS. The data were obtained by means of
densitometric scanning of electrophoretic separations (Al-
cian Blue stain) and expressed as the percentage of un-
treated controls; mean + SEM, N = 4.
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that resemble those in patients with inherited mucopoly-
saccharidosis (MPS) [8]. An important finding of the pres-
ent study is that all investigated drugs induced selective DS
storage at the same concentrations that induce typical
MPS-like cytological lesions. Therefore, it can be con-
cluded thar storage lysosomes contain mainly undegraded
DS molecules.

A previous study revealed a concentration-dependent in-
crease of GAG storage, expressed in terms of total accu-
mulation of °S-labeled macromolecules. To further char-
acterize the dose-dependency of drug-induced GAG stor-
age, the question as to whether or not the pattern of stored
GAGs changes with rising concentrations was addressed in
the present investigation. It turned out that drug-induced
GAG storage was characterized by a concentration-
dependent shift of the GAG pattern. At high drug concen-
trations, marked HS storage was observed, in addition to
DS storage. Because it had been demonstrated in a previous
study that the secretion of lysosomal proenzymes was in-
creased at tilorone concentrations > 10 uM [15], it is con-
ceivable that the loss of lysosomal enzymes might be
responsible for the additional HS accumulation in the pres-
ence of high drug concentrations.

With regard to structure-activity relationships, the com-
parison of the investigated compounds, which differed only
in their central ring systems, failed to detect important
differences concerning the pattern of stored GAGs and the
concentration-dependent shift of the GAG pattern. The
dose-response curves for the acridine derivative CL-90.100
were shifted merely to lower concentrations compared with
the remaining three compounds. This higher potency
might be a consequence of higher intralysosomal accumu-
lation ratios in the case of the acridine derivative because of
the additional nitrogen atom located in the central ring
system.

The analysis of GAGs stored in tilorone-treated human
fibroblasts indicates that the prevalent DS storage is not
species-dependent. In human cells, as well, low drug con-
centrations induce storage predominantly of DS, whereas
marked HS storage appears with increased drug concentra-
tions. In contrast to the results obtained with bovine fibro-
blasts, a weak storage of CS could be observed in the case
of the human fibroblasts.

The pathomechanism responsible for drug-induced GAG
storage is still unknown. It has been proposed that the
disturbance of the mannose-6 phosphate receptor-mediated
targeting of lysosomal proenzymes that results in a decrease
in intralysosomal enzyme activity is responsible [14]. This
mechanism was disproved by the finding that secretion of
lysosomal enzymes was unchanged at low concentrations (5
uM), inducing the specific morphological alterations and
marked DS storage [15]. Another hypothesis proposes for-
mation of complexes between dicationic drug molecules
and polyanionic GAGs that would resist the action of ly-
sosomal glycosidases [6, 7). This hypothesis was supported
by the finding of strong physicochemical interactions be-
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tween tilorone and DS at concentrations that were prob-
ably reached in the lysosomes under our experimental con-
ditions [13]. HS revealed a much weaker interaction and
CS did not interact with the tilorone molecules [13]. The
affinity of DS for the dicationic molecules is believed to
depend on its carbohydrate composition and its secondary
or tertiary structures. It is obvious that, in different cell
types or tissues, the affinity of DS, CS, and HS for the
dicationic drugs may differ, because it is known that the
amount and position of sulfate groups, as well as the degree
of epimerization of uronic acids, are highly variable. This
structural variability might explain why CS also accumu-
lated in human fibroblasts and why HS accumulation was
higher than in bovine cells.

The finding of a lower CS and HS accumulation as com-
pared with DS accumulation at low drug concentrations
could, theoretically, be explained by a lower turnover of HS
and CS. In the case of HS, this assumption is unlikely,
because HS accumulated 5-fold over control levels after
treatment with high drug concentrations. In the case of CS,
a lower turnover could, indeed, be involved, although the
NMR-studies [13] suggest that a weaker interaction be-
tween dicationic drug molecules and CS is probably the
reason for the weak CS storage.

The most important outcome of the present study is that
tilorone and three other compounds, that were, like tilor-
one, characterized by plarary aromatic ring systems sym-
metrically substituted with basic side chains, all induce se-
lective DS storage at low concentrations. This observation
suggests that DS, in general, has a higher affinity for these
dicationic molecules, which possibly renders the lysosomal
degradation of DS in the presence of the dicationic mol-
ecules more vulnerable than that of HS and CS.
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