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not mediated by known detoxification mechanisms [2]; (ii)
the activity is not affected by the multidrug resistance
family of proteins with a molecular weight of approximately
170,000 [5]; and (iii) formation of cytotoxic metabolites of
FUra such as FAUMP was at least not decreased upon ras
transformation since cytotoxicity of FUra was the same or
even not significantly increased in c-H-ras transformed and
control cells. It is not yet known whether this newly demon-
strated dFUrd activity enhancement can be exploited opti-
mally in c-H-ras transformed cells.

It is frequently stated that continuous dFUrd treatment
might be more effective than bolus dFUrd [6]. Nude mice
bearing NIH 3T3 cells transformed with ras and other
oncogenes as discussed above offer an interesting model to
define optimal treatment with dFUrd. This is especially true
for colorectal tumours since ras involvement was frequently
demonstrated in this tumour type [3} and dFUrd has proven
efficacy in the treatment of this tumour. Since activated ras
oncogenes have also been associated with resistance to
cisplatin and to ionizing radiation {4, 10], the present data
add to the understanding of the rather unique efficacy of
fluoropyrimidines in the treatment of colorectal cancer.

In summary, transformation of NIH 3T3 cells with ¢-H-
ras has been demonstrated to result in significantly
increased activation of 5'-deoxy-5-fluorouridine and sig-
nificantly increased cytotoxicity in vitro as compared to
non-transformed NIH 3T3. FUra cytotoxicity appeared to
be increased also in vitro upon transformation; the level of
significance however was beyond that of accepted sig-
nificance (0.05 < P < 0.01). Furthermore dFUrd proved to
be less active in vivo in nude mice bearing v-fos transformed
NIH 3T3 cells than in nude mice bearing c-H-ras trans-
formed cells.

Acknowledgements—This work was supported by Saal van
Zwanenberg grant SZ 89-92 to E. A. De Brijn.

Y1 GENG*
ERrIC GHEUENS
ERNST A. DE BRUUNY

Laboratory of Cancer
Research & Clinical
Oncology

University of Antwerp

Universiteitsplein 1 (S-4)

B-2610 Wilrijk

Belgium;

*Affiliated Hospital

Shandong Medical University

Jinan, Shandong Province

P. R. China

303

REFERENCES

1. American Cancer Society. Cancer Statistics. Cancer J
Clin 36: 16-17, 1986.

2. Klohs WD and Steinkampf RW, Possible link between
the intrinsic drug resistance of colon tumors and a
detoxification mechanism of intestinal cells. Cancer Res
48: 3025-3030, 1988.

3. Bos JL, Fearon ER, Hamilton SR, Verlaan-de Vries
M, Van Boom JH, Van der Eb AJ and Vogelstein B,
Prevalence of ras gene mutations in human colorectal
cancers. Nature 327: 293-297, 1987.

4. Sklar MD, Increased resistance to cis-diammine-dich-
loroplatinum (II) in NIH 373 celis transformed by ras
oncogenes. Cancer Res 48: 793-797, 1988.

5. Juranka PF, Zastawny RL and Ling V, P-glycoprotein:
multidrug-resistance and a superfamily of membrane-
associated transport proteins. FASEB J 3: 2583-2592,
1989.

6. De Bruijn EA, The pharmacology of 3'-deoxy-5-
fluorouridine and its possible role in regional cancer
treatment. Reg Cancer Treat 2: 61-76, 1989.

7. Southern E, Detection of specific sequences among
DNA fragments separated by gel electrophoresis. J
Mol Biol 98: 503-517, 1975.

8. De Bruijn EA, Van Oosterom AT, Tjaden UR,
Reeuwijk HIEM and Pinedo HM, Pharmacology of
S’deoxy-5-fluorouridine in patients with resistant
ovarian cancer. Cancer Res 45: 5931-5935, 1985,

9. De Bruijn EA, Leclercq PA, Van Oosterom AT, Tja-
den UR, Van de Velde CJH, De Brauw LM and Von
Marinelli A, Capillary gas chromatography in cancer
research. In: Eighth International Symposium on Capil-
lary Chromatography (Ed. Sandra P), pp. 754-763.
Hueting, Verlag, Heidelberg, 1987.

10. Sklar MD, The ras oncogenes increase the intrinsic
resistance of NIH 3T3 cells to ionizing radiation.
Science 239: 645-647, 1988.

+ To whom requests for reprints should be sent at: Arti-
Science Amsterdam, Galileiplantsoen 113 hs, 1098 LZ
Amsterdam, The Netherlands.

Biochemical Pharmacology, Vol. 41, No. 2, pp. 303-307, 1991.
Printed in Great Britain,

0006-2952/91 $3.00 + 0.00
© 1990. Pergamon Press plc

Hyposmolarity-sensitive release of taurine and free amino acids from human
lymphocytes

(Received 12 December 1989; accepted 1 August 1990)

The ability of human lymphocytes to regulate their volume
in anisosmotic conditions is well documented [for recent
reviews see Refs. 1 and 2]. When exposed to hyposmotic
media, human lymphocytes show rapid initial swelling fol-
lowed by a regulatory phase in which cells return to near
normal volume. The regulatory volume decrease following
osmotic swelling results from the loss of intracellular
osmotically active solutes, mainly K* and C1~. In human
Iymphocytes these ionic regulatory fluxes occur through
separate K* and Cl~ pathways [1, 3, 4], whereas in other

cells they are carried by K*/Cl™ cotransport systems, acti-
vated by the osmotic stress {5].

Although the reduction in the amount of intracellular
solutes leading to cell volume regulation corresponds
largely to the loss of K* and CI™, some amino compounds
also behave as intracellular osmolytes and may contribute
at some extent to the regulatory process. The involvement
of free amino acids (FAA) in osmoregulation in aquatic
vertebrates and invertebrates naturally exposed to fluc-
tuations in external osmolarity is well recognized [6, 7].
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Less information exists about a similar role for FAA in
mammalian cells although it is known that a number of
these cells possess mechanisms for cell volume adjustment.
FAA, notably taurine, are released from Ehrlich ascites
cells [8], superfused rat brain [9, 10] and cultured astrocytes
[11] upon hyposmotic stimulation. Human lymphocytes
contain high concentrations of taurine, around 35 mM,
and other FAA [12, 13], which may contribute as volume
regulatory osmolytes. In the present work, changesin FAA
content of human lymphocytes in response to hyposmotic
stress were examined in order to evaluate its involvement
in the mechanisms of cell volume adjustment. Properties
of the release of [*H]taurine were also examined to obtain
insight into the mechanism of the volume-sensitive release
of FAA in human lymphocytes.

Methods

Lymphocyte isolation. Blood was collected from a con-
stant group of human donors, in sterile syringes containing
EDTA (10%), and the blood sample was diluted 1:1 with
Krebs-bicarbonate medium (KBM) containing (in mM):
118 NaCl, 4.7KCl, 1.1KH,PO,, 1.0CaCl,, 1.2MgSO,,
25 NaHCO; and 5 glucose, pH 7.4, adjusted by bubbling
with O,/CO, (95%/5%). Cells were isolated by the pro-
cedure of Boyum [14] as follows: 4 mL of diluted blood
sample was layered carefully on 3mL of Hystopaque
(Sigma) in 15-mL conical centrifuge plastic tubes, and
centrifuged at 400 g for 40 min. The interface containing
lymphocytes was separated and washed once with KBM
and the pellets were resuspended in KBM. The suspension
obtained contained negligible contamination of platelets
and polymorphonuclear cells and was free of erythrocytes.
Cell viability, estimated by trypan blue exclusion, was about
98%.

Release of [*Htaurine. Cells were preincubated in KBM
containing [*H]taurine (5uM final concentration) at 37°
for 1 hr. After this loading period, cells were filtered in
Millipore filters (0.65uM pore). For the time-course
experiments, filters were transferred to glass superfusion
chambers of 0.25mL and superfused at a flow rate of
0.8 mL/min with KBM at 37°. Fractions of the perfusate
were collected at 1-min intervals directly into scintillation
vials. After a washing period of 8 min, the baseline efflux
was attained and cells were then stimulated for 8 min with
media of reduced osmolarity. At the end of the superfusion,
radioactivity remaining in cells and that of collected samples
was measured by scintillation spectrometry. In other experi-
ments, filters were transferred to vials containing 1 mL of
the different experimental media and incubated during
8 min at 37°. At the end of this incubation period, radio-
activity was measured in incubation media and filters.
Results are expressed as fractional release, i.e. the radio-
activity in fractions as percent of total radioactivity in the
cells at the start of superfusion or incubation, excluding the
washing period. The drugs to be tested were added 15 min
before the end of the loading period and were present
during all the superfusion or incubation periods. When
drugs were dissolved in solvents other than water, controls
were exposed to the same concentration of the solvent
used.

Determination of endogenous free amino acids. Free
amino acids were extracted with 70% ethanol and deri-
vatized with O-phthaldialdehyde. The amino acid content
was determined by reversed phase HPLC in a Beckman
chromatographic system, equipped with an Ultrasphere
column.

Results and Discussion

The concentration of FAA of human lymphocytes is
shown in Table 1. Taurine, with a concentration of
239 nmol/mg protein was the most abundant FAA, con-
firming previous observations by Fukuda et al. [13]. Taurine
accounted for more than 65% of the total FAA pool. Other
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Table 1. Free amino acid content of human lymphocytes

Amino acid nmol/mg protein
Glutamic acid 44.5 = 0.40
Histidine 7.8 +0.69
Glycine 19.5+1.5
Taurine 2387173
B-Alanine 262+ 1.6
Alanine 20.2x2.1
Serine 8.3+0.5
Valine 2.8+0.19
Leucine 1.8 +0.09
Isoleucine 2.1 +0.09

FAA content was determined in ethanol extracts by
reversed phase HPLC. Results are means * SE of 6 sep-
arate determinations.

FAA present in lymphocytes included glutamic acid, at a
concentration of 44.5 nmol/mg protein, glycine, alanine and
B-alanine at concentrations ranging from 20 to 26 nmol/mg
protein (Table 1). The cellular volume/mg protein was
calculated to be 8.17 uL, considering an average cell volume
of 190 um® (0.19 x 107%uL) [2, 15] and 43 X 10° cells/mg
protein. Accordingly, the concentration of taurine was
found to be 27.5 mM, which is within the range reported
[12], and that of total FAA was 42.7 mM. Those values
may be even higher, since the osmotically active water in
human lymphocytes corresponds to only 68% of the cellular
volume [3].

Upon incubation in media of decreasing osmolarity, the
FAA content of cells decreased. Most FAA responded to
hyposmolarity, but differences were observed in the
amount released by cells and in the sensitivity to the stimu-
lus. According to these differences, FAA may be grouped
as follows: (1) Taurine, glutamate and histidine were tightly
retained by the cells in isosmotic conditions but were
released in response to reductions in osmolarity, even to
small decreases (Fig. 1A). The cellular content of these
amino acids decreased 70-90% by reducing osmolarity to
150 mOsmol (Fig. 1A). The largest decrease (almost 90%)
was observed for taurine. (2) Glycine, alanine and $-alanine
were also strongly retained by cells in isosmotic conditions
but upon stimulation with hyposmolar medium
(150 mOsmol), cells still retained 35-40% of their initial
content (Fig. 1B). (3) Valine, isoleucine and serine were
released in isosmotic conditions and were practically unre-
sponsive to hyposmolarity (Fig. 1C). Reduction in the
intracellular content of FAA was due to an activation of
efflux since the decrease in cellular content was quan-
titatively accounted for by the concentration found in the
medium (Fig. 1).

The time—course of taurine release in response to hypos-
molarity was examined by following the efflux of
[*H]taurine in hyposmotically stressed cells. Figure 2 shows
that decreasing osmolarity to 150 mOsmol resulted in a
rapid release of [*H]taurine which attained a maximum
within the first minute (after subtracting the dead space
of the superfusion system) and then declined despite the
persistence of the stimulus. Reduction in osmolarity was
obtained by decreasing the Na* concentration of the
medium, but it is the hyposmolar condition and not the
reduction of Na*-concentration which induces taurine
release, since a solution with low Na* but made isosmotic
with sucrose did not elicit the release of [*H]taurine.

The hyposmolarity-sensitive release of [*H]taurine was
unaffected by decreasing the temperature to 15°, but it was
reduced by 60% at 4°. This observation suggests that the
release of taurine is not energv dependent. The inhibition
observed at low temperature may be due to changes in
membrane fluidity that may affect diffusional processes.



Short communications 305

120 A

d g b
D - T
- £
£ &
ok E
: g
= 2
G o 1 P
© m
2 z
b}
4 4ok 1"
g g
= 1 {2
i
° Tou j Giu | His Tou | G | His {Tauj G | He
100 85 75
OSMOLARITY (%)

120r g 4
d r 1 »
= £
E &

80+ 3
s g

o
5 x
3 r {1 m
< m
E z
g a0k 4 m
2 g
| S
ol lprelas]o wooy]  |endae oy

100 85 75

OSMOLARITY (%)

1201 N
Co I
g g
 80F 1 »
z o
= o
z L 1z
S m
2 g
2 a0+ 4 m
g g
2
o ]

o B

OSMOLARITY (%)

Fig. 1. Effect of decreased osmolarity on FAA content in
human lymphocytes. Cells were incubated in isosmotic
medium (300 mOsmol) or in media of decreased osmol-
arity: 0.85, 0.7 or 0.5 of the isosmotic medium, during
8 min. After incubation, cells were centrifuged and washed,
and FAA were extracted with 70% ethanol. FAA content
in cell extracts (white bars) or in incubation media (dashed
bars) was measured by reversed phase HPLC. Results are
expressed as percent change in cells or in incubation media,
with respect to the endogenous FAA content in non-incu-
bated cells (100%, broken line}. (A) Changes in taurine,
glutamate and histidine. (B) Changes in S-alanine, alanine
and glycine. (C) Changes in valine, serine and isoleucine.
Results are the means = SE of 4-6 experiments. FAA
release in hyposmotic media was significantly different from
isosmotic medium by: *P < 0.001; °P < 0.01; °P < 0.02; and
9P < 0.05.

Volume regulation in human lymphocytes is associated
with losses of cellular K* and Cl™ [4, 5]. The change in K*
efflux activated by hyposmolarity seems to be conductive
at least in part [4, 5]. K* fluxes associated with cell swelling
are inhibited by antagonists of Ca**-dependent K* channels
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Fig. 2. Time-course of [PH]taurine release stimulated by
decreased osmolarity. Loading and release conditions were
as described in Methods. During the time indicated by the
bar, the superfusion medium (isomotic) was replaced by a
hyposmotic medium (150 mOsmol, 35 mM NaCl). Results
are expressed as fractional release as defined in Methods.
The graph corresponds to a representative experiment from
a total of 4.

such as quinine, tetracthylammonium and 4-aminopyri-
dine, and by agents interfering with the Ca?*-calmodulin
system like chlorpromazine and trifluoperazine [1, 3, 4].
The volume-induced increase in ClI™ efflux occurs simul-
taneously but independently of the K* fluxes. CI~ con-
ductance associated with volume changes in human lym-
phocytes is blocked by dipyridamol and by the disulfonic
stilbene derivatives 4,4'-diisothiocyanostilbene-2,2’-disul-
fonic acid (DIDS) and 4-acetamido-4'-isothiocyanato-
stilbene-2,2'-disulfonic acid (SITS) [4]. To investigate
whether the hyposmolarity-induced release of FAA was
associated with the ionic fluxes activated by swelling, the
effects of quinidine, barium, tetraethylammonium (TEA)
and gadolinium on the release of [*H]taurine were
examined. The concentrations used were those reported to
inhibit ionic fluxes [1, 3, 4], i.e. 75 uM quinidine, 15 mM
barium, and 15 mM tetraethylammonium. Gadolinium was
used at concentrations of 10 and 100 uM. None of these
compounds modified taurine efflux (Table 2). Higher con-
centrations, particularly those of quinidine, were toxic to
celis. DIDS showed an inhibitory effect on the hyp-
osmolarity-sensitive release of taurine. The effect of DIDS
was examined on the release of labeled as well as of
endogenous taurine due to some quenching produced by
DIDS at high concentrations in the experimental procedure
used for measuring radioactivity. The inhibitory effect of
DIDS was concentration dependent, with a maximal inhi-
bition of about 40% at 200 uM (Fig. 3). Inhibition close to
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Table 2. Effect of omission of Na* or Cl~ and of inhibitors
of ionic fluxes on the release of [*H]taurine evoked by

hyposmolarity
[*H]Taurine release (%)
Conditions Isosmotic Hyposmotic
Control 6.1 +0.8 72.7+6.2
Na*-free 59+03 71.0+5.8
Cl™-free 5.0=x0.1 679+ 1.7
TEA, 15mM 6.4x03 69.7+5.9
Barium, 15 mM 7.0=0.8 71.0 £ 3.5
Quinidine, 75 uM 5.1+0.9 73.7x2.1
Gadolinium, 10 uM 6.8 +0.7 71.7+29

Cells were loaded with [*H]taurine and incubated as
described in Methods, with isosmotic medium or with a
medium of reduced osmolarity (150 mOsmol). The ionic
composition was modified in both, isosmotic and hypos-
motic media. Na* and Cl™ in the experimental solutions
were replaced by the corresponding salts of choline and
gluconate. Drugs were present during the last 15 min of
the loading period and in media during all incubation
periods. When solvents other than water were used, con-
trols were exposed to the same amount of solvent. Results
are expressed as fractional release (%) and are the
means + SE of 4-12 experiments.

maximal was observed in the presence of 50-100 uM DIDS.
A noticeable inhibition was observed at 10 uM DIDS (Fig.
3). The inhibition of DIDS increased in a Cl™-free medium.
No effect on the release of [*H] taurine was observed in the
presence of pimozide (10 uM) or trifluoperazine (10 uM)
(results not shown). All these observations suggest that the
hyposmolarity-sensitive release of FAA occurs inde-
pendently of the ionic fluxes activated during the volume
regulatory process and of Ca’*-mediated transduction reac-
tions. In further support to this notion is the observation
that activating K*-fluxes in isosmotic conditions by A23187
did not elicit [*H]taurine release (results not shown). It has
been observed in human lymphocytes that K*-fluxes in
isotonic conditions are activated in the presence of the
ionophore [3].

The mechanism responsible for the release of FAA in
response to hyposmolarity is unclear at present. The hyp-
osmolarity-sensitive efflux may result from a stimulation of
the Na*-dependent, carrier-mediated transport system for
amino acids or from an activaton of leak pathways. To
investigate whether taurine efflux might occur through the
carrier transport system working outwards, the effect of
removal of external Na* was examined on the spontaneous
and the hyposmolarity-sensitive release of taurine. Under
these conditions a Na* gradient inside > outside is imposed,
which should drive taurine efflux in that direction. Also,
evidence of the ability of the carrier to operate transporting
intracellular taurine to the extracellular space was tested
by measuring in an isosmotic medium the release of
[*H]taurine upon increasing the concentration of extra-
cellular unlabeled taurine. Results of these experiments
showed that neither the spontaneous nor the hyp-
osmolarity-sensitive release of [*H]taurine were affected by
Na* omission (Table 2). Also, the efflux of previously
accumulated [*H]taurine was not activated by homo-
exchange (results not shown). These results argue against
the involvement of the Na*-dependent carrier on the swell-
ing-associated release of taurine. Moreover, the insen-

* Correspondence: Dr. Herminia Pasantes-Morales,
Instituto de Fisiologia Celular, Apartado Postal 70-600,
04510 México D.F.
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Fig. 3. Effect of DIDS on the hyposmolarity-sensitive
release of endogenous taurine. Lymphocytes obtained as
described in Methods were incubated in isosmotic medium
containing the concentration of DIDS indicated for each
point for 30 min. After this time, cells were incubated for
8 min in hyposmotic medium (0.75 osmolarity) containing
the same concentration of DIDS as in the isosmotic
medium. Controls were incubated in isosmotic and hypos-
motic media without DIDS. Taurine released to the incu-
bation medium and that remaining in cells at the end of the
experiment was measured by HPLC. Results are expressed
as percent inhibition of taurine released by hyposmotic
medium in the absence of DIDS. Results are mean + SE
of 3-8 experiments.

sitivity of taurine release to decreases in temperature sup-
ports this conclusion since the temperature-dependence of
the taurine carrier is well established [16].

Results of the present study indirectly suggest that FAA,
particularly taurine, participate in volume regulatory pro-
cesses in human lymphocytes. As compared to ionic osmo-
lytes, the contribution of FAA may be relatively small,
since 60%, on the average, of a total FAA pool of about
43 mM leaves the cell in response to large decreases in
osmolarity (150 mOsmol). Lymphocytes, as many other
cells, have an anionic deficit with respect to cation con-
centration. The potassium concentration in human lym-
phocytes is about 140-170 mM [3, 17], whereas the Cl~
content of cells is much lower. There are large discrepancies
in the values reported for intracellular C1- in lymphocytes,
varying from 30 to 90 mM [3, 18, 19]. Moreover, the free
cytoplasmic concentration of Cl- may be significantly dif-
ferent from the total cellular concentration reported, since
compartmentation is suggested by the several components
observed in the kinetics of Cl- efflux [19]. These obser-
vations suggest that not all Cl~ in the cell may be available
for volume regulation. In these conditions the contribution
of non-electrolyte solutes, especially FAA, may be impor-
tant to compensate for the ionic deficit.

In summary, this study has shown that human lym-
phocytes possess a hyposmolarity-sensitive release of FAA,
particularly of the most abundant one, taurine. This release
may contribute to the volume regulatory decrease in lym-
phocytes.

Acknowledgements—This research was supported by grants
from PRDCyT from the Organization of American States
and CoNaCyT (Mexico) and from the Programa Univ-
ersitario de Investicacién en Salud (UNAM).

Institute of Cell Physiology HERMINIA PASANTES-

National A. University of MORALES*
Mexico JosE DE JESUS GARCfA

Mexico City, Mexico ROBERTO SANCHEZ OLEA



Short communications

REFERENCES

1. Grinstein S and Dixon J, Ion transport, membrane
potential, and cytoplasmic pH in lymphocytes: Changes
during activation. Physiol Rev 69: 417481, 1989.

2. Deutsch C and Lee SC, Cell volume regulation in
lymphocytes. Renal Physiol Biochem 11: 260-276,
1988.

3. Grinstein S, DuPré A and Rothstein A, Volume regu-
lation by human lymphocytes: Role of calcium. J Gen
Physiol 719: 849-868, 1982.

4. Grinstein S, Rothstein A, Sarkadi B and Gelfand EW,
Responses of lymphocytes to anisotonic media: Vol-
ume-regulating behavior. Am J Physiol 246: C204—
C215, 1984.

5. Hofmann EK, Anion transport systems in the plasma
membrane of vertebrate cells. Biochim Biophys Acta
864: 1-31, 1986.

6. Clarke ME, Non-Donnan effects of organic osmolytes
in cell volume changes. Curr Top Membr Transp 30:
251-271, 1987.

7. Gilles R, Volume regulation in cells of euryhaline
invertebrates. Curr Top Membr Transp 30: 205-207,
1987.

8. Hoffman EK and Lambert IH, Amino acid transport
and cell volume regulation in Ehrlich ascites tumour
cells. J Physiol (Lond) 338: 613-625, 1983.

9. Wade JV, Olson JP, Samson FE, Nelson SR and Paz-
dernik TL, A possible role for taurine in osmo-
regulation within the brain. J Neurochem 45: 335-344,
1988.

10. Solis JIM, Herranz AS, Herreras O, Lerma J and Martin

307

del Rio R, Does taurine act as an osmoregulatory
substance in the rat brain? Neurosci Lett 91: 53-58,
1988.

11. Pasantes-Morales H and Schousboe A, Volume regu-
lation in astrocytes: A role for taurine as an osmo-
effector. J Neurosci Res 20: 505-509, 1988.

12. Jacobsen JG and Smith LH, Biochemistry and physi-
ology of taurine and taurine derivatives. Physiol Rev
48: 424-511, 1968.

13. Fukuda K, Hirai Y, Yoshida H, Nakajima T and Usui
T, Free amino acid content of lymphocytes and gra-
nulocytes compared. Clin Chem 28: 1758-1761, 1982.

14. Boyum A, Isolation of mononuclear cells and gra-
nulocytes from human blood. Scand J Clin Lab Invest
21: 77-83, 1968.

15. Sarkadi B, Mack E and Rothstein A, Ionic events
during the volume response of human peripheral blood
lymphocytes to hypotonic media. II. Volume- and time-
dependent activation and inactivation of ion transport
pathways. J Gen Physiol 83: 513-527, 1984,

16. Tallan HH, Jacobson E, Wright CE, Schneidman K
and Gaull GE, Taurine uptake by cultured human
lymphoblastoid cells. Life Sci 33: 1853-1860, 1983.

17. Negendank W, Studies of ions and water in human
lymphocytes. Biochim Biophys Acta 694: 123-161,
1982.

18. Felber SM and Brand MD, Factors determining the
plasma-membrane potential of lymphocytes. Biochem
J 204: 577-585, 1982.

19. Negendank W, The permeability of human lym-
phocytes to chloride. Biochem Biophys Res Commun
122: 522-528, 1984.

Biochemical Pharmacology, Vol. 41, No. 2, pp. 307-309, 1991.
Printed in Great Britain.

0006-2952/91 $3.00 + 0.00
© 1990. Pergamon Press plc

Cholesterylsuccinyl-N-hydroxysuccinimide as a cross-linking agent for the
attachment of protein to liposomes

(Received 17 April 1989; accepted 30 August 1990)

Immunoglobulin-coated liposomes containing drugs have
been examined (i) for their ability to specifically interact
with cognate surface antigen on tumour cells and (ii) for
targeting to tumours in animals [1]. Antibody coated
liposomes have been prepared by Hashimoto et al. [1]
who incorporated N-(m-maleimido benzoyl) dipalmitoyl-
phosphatidyl ethanolamine into liposomes which were then
reacted with immunoglobulin. Covalent attachment occurs
via protein sulphydryl-SH groups to the maleimido area of
the modified phospholipid. Attachmentofimmunoglobulins
has also been achieved through a disulphide sulphydryl
group exchange reaction using liposomes containing
dipalmitoyl phosphatidyl-ethanolamine-3-(2-pyridyldithio)
propionate [2]. Less-specific cross-linking procedures have
made use of the coupling reagents toluene-2,4-diisocyanate
and 1-ethyl-3-(dimethylaminopropyl) carbodiimide {3, 4].

In the present communication we describe an alternative
procedure for attaching proteins and amino group-
containing molecules to liposomes. The method makes use
of cholesteryl-succinyl- N-hydroxysuccinimide incorporated
into membrane structures of liposomes (Fig. 1). The
resulting liposomes were found to be capable of interacting
with amino group-containing substances to give molecues
covalently attached to the surface.

Materials and Methods

Chemicals. Cholesteryl hemisuccinate, N-hydroxy-
succinimide and N,N’-dicyclohexyl carbodiimide were
purchased from the Sigma Chemical Co., Pool, U.K.).
[*H]Puromycin (5 Ci/mmol) was supplied by Amersham
(Bucks, U.K.). All other reagents were of analytical grade.

Preparation of cholesteryl hemisuccinyl-N-hydroxy-
succinimide (Fig. 1). Cholesteryl hemisuccinate (97.4 mg,
0.2 mmol) and N-hydroxysuccinimide (25.3 mg, 0.02 mmol)
were dissolved in 1 mL of dioxane. To this solution was
added N,N'-dicyclohexyl carbodiimide (41.3 mg, 0.2 mmol)
dissolved in 0.3 mL dioxane. The reaction mixture was
allowed to stand at room temperature overnight.
Dicyclohexylurea was removed by filtration and the clear
filtrate taken to dryness at 37° under vacuum. The residue
was taken up in 2mL dioxane and allowed to stand at
room temperature for 2 hr until no further crystallization
of dicyclohexlurea occurred. Following filtration the final
solution was concentrated to dryness and the residue
recrystallized from isopropanol. m.p. 151-152°. Chroma-
tography on silica gel 60F,;, TLC plates developed
in CHCl;:methanol (9:1, v/v) gave a single spot
(hydroxylamine/FeCl, for active ester and 1% HCIO, with



