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Importance of the glutathione redox cycle for the resistance of lung epithelial cells
against a polymorphonuclear leukocyte-mediated oxidant attack

{Received 7 October 1985, accepted 16 January 1986)

The nteraction of stimulated polymorphonuclear leu-
kocytes (PMN) with lung cells 1s considered to play a major
role in the pathogenesis of lung disease PMN-mediated
cell damage has been attnibuted to reactive oxygen metab-
olites as the major cytotoxic species [1.2] In previous
studies we have shown that lung epithehal cells are injured
by stmulated PMN through a H,0, dependent mechanism
[3]. Target cells will defend themselves by destroying the
attacking hydrogen peroxide Two major enzyme systems
are responsible for H,O; catabolism in mammahan cells
[4] glutathione peroxidase, a selenoenzyme which uulizes
reduced glutathione to metabolize hydrogen peroxide and
catalase, a hemoprotein which converts hydrogen peroxide
to H,0 and O,

In the present study cytotoxic experiments n lung epi-
thelal cells were carried out designed to determune the
relative importance of catalase and glutathione peroxidase
as intracellular defense mechanisms against Iysis by extra-
cellularly generated hydrogen peroxide

Matenals and methods

Lung epithehal cells derived from a clone of rat type 11
pneumocytes were mantamed 1 tssue culture as pre-
viously described [3] Confluent monolayers were pro-
cessed for determinations of cytotoxicity and of enzyme
activities For cytotoxicity studies lung epithehal cell
monolayers were labeled with 3 uCi *'Cr (Na;*'CrO,, New
England Nuclear) overmght, washed and divided into four
groups one group was incubated for 10 min with 125 ug/ml
1,3-bis-(chloroethy!)-1-nitrosourea (BCNU. Bristol Lab,
Syracuse, NY). a potent mhibitor of glutathione reductase
{5]. The second group recerved for 90 mn 50 mM 3-amino-
1,2,4-tnazole (Sigma Chem Co . St Louis. MO) a potent
inhibitor of catalase (6] The third group received both
reagents and the fourth one served as control 2 5-16
million PMN (obtamed as previously described {3]). were
added to the differently treated lung epithebal cells in
Hanks’ balanced salt solution (11 mM glucose) This range
of PMN provided an effector/target cell ratio between 1 1
and 64 1 PMN were stimulated with 0 25 ug/ml phorbol
mynstate acetate Followng a 4hr incubation PMN-
mediated H,0, related cytotoxicity was determined by
quantitating *'Cr release from lung epithehal cells as pre-
viously described [3]. 1e by a simple, quanutative. and
well established approach to cytotoxiaty [7] For deter-
mination of enzyme activities confluent lung epithehal cell
monolayers were dispersed. cells were disrupted by son-
1cation, and an ahquot was used for determination of pro-
temn according to Lowry ef al [8]. of the acuvity of glu-
tathione peroxidase (EC 111 19) according to Pagha
and Valenune [9]. of glutathione reductase (EC 164 2)
according to Carlberg and Mannervik {10]. and of catalase
(EC 1 11 1 6) according to Beers and Sizer [11]

Glutathione peroxidase deficient fung epithelial cells
were obtamned by depleting them of selentum Usually the
serum in the medium provides the selenum to cultured
cells [12] While serum free growth would be ideal for
selenium depletion preliminary experiments estabhshed
that 0 75% serum was the lowest concentration capable of
consistently mantaining cell viability Lung epithelial cells
grownn 0 75% serum 1m0 757 serum supplemented with
27 nM Na,SeO;, and in 10% serum for up to 10 days were
processed for enzyme studies or for cytotoxiaty studies
using glucose oxidase as the source of H:O;

Data were analysed by the two tailed Students’ ¢ test for
unpaired samples [13]

Results

Preincubation of lung epithelial cells with BCNU con-
sistently mhibited glutathione reductase activity by more
than 95% while catalase activities were unaffected by this
pretreatment Preincubation of the cells with aminotriazole
resulted 1n a consistent inhibition of their catalase activity
by 95-98%% without any impairment of the glutathione
peroxidase- or reductase activities As demonstrated in Fig
1 lung epithehal cells with almost no functional glutathone
reductase activity displayed a dramatically increased sus-
ceptibility to a PMN-mediated oxidant attack Virtually
complete protection of these lghly susceptible target cells
was afforded when exogenous catalase was added to this
cytotoxic system  Following inhibition of the (endogenous)
catalase of lung epithelial cells there was an only minor
increase 1n susceptibility of target cells to a PMN-mediated
attack Combined mhibition of glutathione reductase- and
catalase activity resulted in the same degree of enhanced
target cell damage as that seen tollowmng whibition of
glutathione reductase alone

As a second way to interrupt the GSH-redox cycle glu-
tathione peroxidase was mhibited by taking advantage of
the selemum dependency of this enzyme Culture of con-
fluent lung epithchal cells 1n medium supplemented with
0 75% serum resulted 1n 4 time dependent dechine 1n glu-
tathione peroxidase actnvity reaching 6% of the original
actiity after 7-10 days (Fig 2) Celis grown under the
same low serum conditions supplemented, however. with
27 nM selenmum displayed glutathione peroxidase activities
not different from lung epithelial cells grown in medum
plus 10% serum Catalase activities were not different n
erther cell group As demonstrated in Fig 3 there was a
substantially increased suscepuibility of glutathione per-
oxidase deficient lung epithehal cells aganst an oxidant
attack by extracellularly gencrated hydrogen peroxide

Discussion

The demonstration of a toxic eftect of PMN-denved or
chemically generated hydrogen peroxide on lung epithelial
cells confirms our previous observation [3] and 1s in agree-
ment with similar results obtained 1n lung fibroblasts. endo-
thelial cells. and difterent tumor cells [1.2] Removal of
the toxic agent 60 mun (but not 90 min) after start of the
experiment rescues the lung epithelial cells from lethal
injury This apparently indicates a delicate balance between
the attacking hydrogen peroxide and defending mech-
anisms of the target cells in terms of metabolism of the
toxic agent or of repair of the toxic lesion before this
balance finally tips over This balance can dramatically be
altered by an impairment of the H>O, catabohzing capaaity
of the lung epithehal cells Inhibition of the acuvity of
the GSH-redox cycle by nterference with the activity ot
glutathione reductase or of glutathione peroxidase renders
the lung epithelial cells at least 30 umes more susceptible
to a PMN-mediated oxidant attack  Similar observations
have been made m endothelial cells by Harlan er al [14]
Interestingly catalase. an enzyme n lung epithelal cells
with a much higher H.O, metabolizing capacity than the
GSH-redox cycle. provides only minimal protection against
a flux of extracellularly generated H:O, Possible expla-
nations are (1) a H-O- related generation of toxie lipid
peroxides which exclusively can be metabolized by the
GSH-redox cycle [4) (1) the higher K, of catalase tor
H.0. [15] or (II) « compartimentalisation within the
cell with catalase and the GSH-redox cycle metabolizaing
hvdrogen peroxide of ditferent sources in the cell as has
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Fig 1 Substantially enhanced cytotoxicity of PMN-derived
hydrogen peroxide on confluent lung epithehal cells fol-
lowing an impairment of the glutathione reductase but not
of catalase Note that in the presence of exogenous catalase
target cells are completely protected against a PMN-
mediated attack Data presented are mean (xS E ) of 5
experiments — target cells, no pretreatment, A—A
target cells, pretreated with BCNU, A-——— A target cells,
pretreated with aminotniazle (AT), @-———@ target cells,
pretreated with BCNU and AT, O—O target cells, pre-
treated with BCNU. then addition of exogenous catalase.
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Fig 2 Time dependent decrease of glutathione peroxidase
activity 1n lung epithelal cells cultured in medium con-
tamning only 0 75% serum (open bars) Cells grown 1n
0 75% serum supplemented with 27 nM selemium (right
bar) showed no different glutathione peroxidase activities
as compared to cells kept 1n the “regular” medmum con-
tamning 10% serum (left bar) Data presented are mean
(8 E ) of 6 experiments

50+ /H
» 407 \£% }
3 304
o)
€ 204 /
¢ | { /{ /

LA
oJ}—-* éf/ y - T —
0 2 4 6 8 10 12

Glucose Oxidase (mU/ml)

Fig 3 Enhanced hydrogen peroxide mediated cytotoxicity mn glutathione peroxidase deficient lung

epithelial cells Lung epithehal cells grown n 0 75% serum for 10 days (A—A) displayed glutathlone

peroxidase activity which were 6% of that measured 1n cells grown in 0 75 serum supplemented with

27 nM Na,SeO; (@—@) or in medum containg 10% serum (W—®) A continuous flux of extra-

cellularly generated hydrogen peroxide was provided by glucose oxidase Data presented are mean
(%S E ) of 6 experiments

been shown for hepatocytes [16] Additional studies are
required to distinguish among these different possibilities
In summary, PMN induced oxidant damage of lung epi-
thehal cells. known to be a H,O» dependent mecharusm, 1s
greatly enhanced following an impairment of the hydrogen
peroxide metabolism of the target cells The GSH-redox
cycle is substantially more important than catalase wn pro-
viding protection against this sort of oxidant attack
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A novel pathway for formation of thiol-containing metabolites from cysteine
conjugates

(Recetved 25 October 1985, accepted 31 Januury 1936)

During the past decade the formation of methylthio-con-
taiming metabolites has been reported for numerous xeno-
biotics including drugs. herticides. and other organic com-
pounds (reviewed by Tateshs [1, 2] and Stillwell [3]) From
the extensive studies 1 our laboratortes [4-7] and others
[8 9]. various types ot methylthio-containing metabolites
were shown to be generated from the corresponding cys-
teine conjugates via thiols (Scheme 1)

NH,

The hver was excised trom male Sprague—Dawley rats (8
weeks old) and homogenized in 2vol ot wce-chilled 50 mM
of potassium phosphate butter (pH 7 4)  The ovtosol
(105,000 g supernatant) and microsomal fractions were
obtained by published methods [S] The tollowimg m cino
experiments  were  carried  out with cnzvme
preparations

Deammation of S-tp-bromaophenvli-t -cvsteme The reac-

these

I
R—S$—CH,—CH-—~COOH

NH, + CH,COCOOH

R—SH T» R—SC H.

CH

Scheme |

Thus the C—>5 bond of cysteine conjugates 1s firstly
cleaved by the action of C—S lyases (which are found
in mammalian liver, kidney and some kinds of intestinal
microorganisms) to give thiols together with equimolar
amounts of pyruvic acid and ammoma [5,7] The thiols
thus formed are subsequently methylated by S-methyl-
transferases [5 10]

In addition to this pathway of formation of thiols we
have now found that thiols may be generated from cysteine
conjugates via an alternative pathway (Scheme 2) in which
the intermediate formation of thiopyruvic acid conjugates
1s most likely to be mvolved

NH,

non muxture contamed n a total volume of O 3ml S-(p-
bromophenyl}- -cysteine (0 5 umole) 0 3 ml ol potassium
phosphate butter (Sumole pH7 4 and 02ml of the
enzyme preparation (8 mg protein) The misture was meu-
bated at 37° tor 30 min and the reaction termunated by an
addition ot 0 5 ml ot acetonitrile at 07 Atter centrifugation
a portion of the supernatant was apphed to an hplc
column (YMC A-312 ODS 6> 150 mm  Yamamuia
Chemical, Osaka. Japan) and the column cluted wath a
solvent system of methanol water acetic actd (3 4 1 by
vol ) at a flow rate ot | Sml/min p-Bromophenvi-3-thio-
pyruvie acid  which emerged as a wingle sharp peak at

|
R—$—CH;—CH—COOH —— R—5—CH.——(CO—COOH —— R--SH

Scheme 2

In the present communication we will describe the evi-
dence tor this novel pathway

Materials and methods

Matertals  S-(p-Bromophenyl)-1 -cysteine and p-bromo-
phenyl-3-thiopyruvic aaid were synthesized by the method
described i our previous report (7] p-Bromobenzenethiol
wds purchased from Aldrich (U S A ) All other reagents
used 1n the present study were of analytical special grade
and commercially avarlable

5 6 min under these conditions was quanutatisely analyzed
by monitoring the uv absorbance at 254 nm

=5 cleavage of p-bromaophemyi-3-thuopvivetc aad  The
reaction minture contained 1 g tinal volume ot O 2ml p-
bromophenvi-3-thiopvruvic acid (0 2 imole) as a substrate
dithiothiertol (1 amole)  potassium phosphate  butler
(10 gmole pH 7 4) and 0 04 ml ot the enzvme prepatation
The reaction mixture was meubated at 37" for | hr under
anacrobic conditions The incubation was terminated by an
addinon of 0 2ml ot acetomtrile contaming p-fluoroben-



