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ABSTRACT

The effects of WN-y and interleukin 4 (IL-4) on cell proliferation and
two-dimensionalgel electrophoretic protein patterns of the human renal
carcinoma cell line ACHN were StUdied. Treatment ofthe cells with IFN-y
resulted in a 40-50% decrease in their proliferation. IL-4 treatment
resulted in a 30-40% decrease. Treating cells with both cytokines had the
same effect as with WN-y alone, thus precluding a synergistic antiprolif
erative Interaction of these two cytokines. To Identify IL-4- and IFN-y

regulated proteins In ACHN, two-dimensional preparative gel electro
phoresis was used, combined with either capillary electrophoresis or
high-performance liquid chromatography and either Edman or mass
spectrometric sequencing. The following cytokine-induced proteins were
Identified: tropomyosin, heat shock protein 27, manganese superoxide
dlsmutase, glutathione S-transferase i@,and protein kinase C Inhibitor I.
Tropomyosin increased 2-fold when cells were treated with IFN-y. Levels
ofheat shock protein 27 Increased 2-fold with IL-4, 3-fold with WN-y, and
4-fold when the cytoldnes were used in combination. Manganese super
oxide dismutase increased 3-fold with IFN-@ but was unaffected by IL-4.

Glutathione S-transferase ifincreased 3-fold with IFN-y. Levels of protein
kinase C Inhibitor I increased greater than 3-fold with IL.4, 4-fold with
WN-y, and 7-fold when both cytokines were used. In addition, the follow
Ing constitutive ACHN proteins were identified: copper zinc superoxide
dismutase, 60S acidic rIbOSOma1protein P2, and a second heat shock
protein 27 isoform. These findings help define the biochemical modes of
action of IFN-7 and IL-4 and their potential in the biological therapy of
renal cell carcinoma.

INTRODUCTION

IFN--y and IL-44 are cytokines, secreted proteins that modulate
cellular growth and metabolism and exert their effects by interacting
with cell surface receptors (1â€”4).IFN-'y regulates MHC class I and
class H protein expression on many cell types, enhances macrophage
activity, modulates the development of T-cell subsets, and mediates a
variety of other actions that have been reviewed (3). IL-4 was first
known as a B-cell growth factor (5) but was later found to affect
different cell types, including macrophages, natural killer cells, mast
cells, endothelial cells, and various tumor cells (2, 6). IFN--y and IL-4
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have been shown to have antiproliferative effects in several human
carcinoma cell lines (7â€”12).To fully understand the mechanism
through which cytokines limit tumor cell growth, it is important to

monitor changes in protein levels and to ultimately determine which
proteins are directly regulated by cytokines. Two-dimensional elec
trophoresis allows a practical approach with which to study changes in
protein levels. Recently, this method has been used in conjunction
with mass spectrometric techniques to identify proteins in the human
melanoma cell line A375 (13, 14). In the present study, these tech
niques were used to identify five proteins of the renal carcinoma cell
line ACI-IN that increased after cells were treated with IFN--y and/or
IL-4. These cytokine-regulated proteins were identified as tropomy
osin, Hsp27, GST-ir, MnSOD, and PKCI-l. Identification of proteins
induced or suppressed by IFN-'y and IL-4 may aid in the understand
ing of their antiproliferative effects and provide new information that
may help in obtaining a rational basis for their potential in the
biological therapy of renal cell carcinoma.

MATERIALS AND METHODS

Materials. Ampholytes (pH range 3â€”10)and Duracryl HIS (acrylamide/
bis solution) were from Millipore (Bedford, MA). BSA was from ICN (Costa

Mesa, CA). DNase was from Worthington (Freehold, NJ). Chymostatin, leu

peptin, microcystin LR, pepstatin, phenyl.methylsulfonyl fluoride, sodium or
thovanadate, sodium tartrate, tetramisole-hydrochloride, and thioglycollic acid
(sodium salt) were from Sigma Chemical Co. (St. Louis, MO). Purified human
recombinant IFN--y(specific activity, 2.5 X iO@units/mg) was a gift from
Genentech (South San Francisco, CA). Purified recombinant IL-4 (biological
activity, ED50 = 0.25 ng/m]) was purchased from Collaborative Biomedical

Products (Bedford, MA).

Cells and Culture. ACHN human renal carcinoma cells (ATCC CRL
1611) were passaged in DMEM containing 1 glliter glucose. The medium was
supplemented with 10% FCS, 100 units/ml penicillin-G, and 100 @g/ml
streptomycin. Cultures between passages 5 and 30 were used for the experi
ments presented in this report.

Antiproliferative Assays. Cells (1 X 103/well) were treated with IL-4 (5
ng/ml), IFN-'1' (100 units/mi), or IL-4 and IFN-y at 24 h. Growth was
monitored at various time intervals using the crystal violet assay (15).

Preparation of Cell Lysates. Cell lysates were prepared as described
previously (16). Briefly, cells were lysed in buffer A, which contained 50 mM
Tris buffer, 3% (w/v) SDS, 200 mM D'VF, 100 p.M phenylmethylsulfonyl
fluoride, 1 ILg/mlchymostatin, 1 @tg/mlleupeptin, 1 pg/mi pepstatin, 1 mM
sodium orthovanadate, 0.1 ,.LMmicrocystin LR, 1 mM tetramisole-HC1, and 5
mM sodium tartrate. DNase and MgC12 were added to buffer A at final
concentrations of 0.1% (w/v) and 5 mM,respectively. The five to eight cell
lysate samples from each treatment group were combined. The concentration
of protein in the cell lysates were monitored by the dye-binding method of
Bradford (17) using the Bio-Rad protein reagent (Bio-Rad Laboratories, Rich
mond, CA) with BSA as a standard and ranged from 3.1 to 3.8 mg/mI. To
concentrate the protein, acetone was added to the thawed lysates (3 ml of
acetone for 1 ml of lysate), and the mixture was stored overnight at â€”20Â°C.
The precipitated protein was pelleted by centrifugation (2600 X g, 15 mm,

4Â°C),and the pellet was resuspended in 1 part buffer A and 4 parts buffer B
(9 Murea, 4% (w/v) n-octylglucoside, 100mMDli', and 5.5% ampholytes (pH
3â€”10).The samples were assayed for protein concentration and stored at
â€”80Â°C.
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IDENTIFICATIONOF 1FN-'@AND IL-4 REGULATED PROTEINS

Two-Dimensional PAGE. Preparative two-dimensional PAGE was per
formed using a Millipore Investigator two-dimensional electrophoresis system
essentially as described (16) with the following exceptions. Prefocusing was

performed at a maximum voltage of 750 V at 600 MA/gel for approximately
2.5 h. Gels had an inside diameter of 3 mm and were 17.5 cm in length.

Focusing was performed at a maximum voltage of 1500 V for 17500 Vth. The

anode buffer was 10 mMH3P04. Electrophoresis for the second dimension (gel
dimensions: 23 cm X 19 cm X 1 mm) was performed at a maximum voltage

of 500 V at 12Â°Cfor 1h at 16W/gel followed by 18h at0.4 W/gel witha final
1 h at 16 W/gel. The lower buffer chamber contained running buffer as
described (16), whereas a running buffer with 2-fold concentrations was used
in the upper buffer chamber. Following electrophoresis, the gels were washed

three times for 20 mm in 45% (v/v) methanol, 1% (v/v) acetic acid, stained for
20 rain in 9% methanol, 0.2% acetic acid and 16% (v/v) FastStain (Zoion
Research Inc., Newton, MA), and then rinsed twice for 20 mm in 1% acetic

acid with a final 20-mm rinse in distilled water. The gels were wrapped

individually in Saran Wrap and stored at 4Â°C. Identical gel spots selected for

sequencing were excised from 12 gels and stored together in a siliconized
microcentrifuge tube at 4Â°Cuntil further use.

Trypsin Digestion and Microbore HPLC Separation of Peptides. Pro
teins in the gel spots were digested and extracted by the procedure of Rosen
feld et a!. (18) and Hellman et a!. (19) with minor modifications. Gel spots
were first diced into I X 1 mm squares. To remove the Coomassie Blue stain,
the gel pieces were washed three times in 50% (v/v) acetonitrile in 25 mM
NH4HCO3, pH 8, in 0.65 ml siliconized microcentrifuge tubes (PGC Scientific,

Gaithersburg, MD). Each wash consisted of vortexing for 20 ruin followed by
a brief centrifugation using a mini centrifuge and removal of the supernatant
with a gel-loading micropipette tip. A final wash using 100 pi of HPLC-grade
water was performed before the gel pieces were dried under vacuum on a
S_ Vac. Trypsin (Promega, Madison, WI; 0.1 @tg/@tlin 25 mMNH4HCO3,
pH 8) was added at a volume that allowed the gel piece to rehydrate (â€”20â€”60
gil). An overlay of 25 mMNH4HCO3was added, and the mixture was briefly
vortexed and centrifuged and allowed to stand at room temperature for 5â€”10

mm. This last step was repeated until no further reswelling of the gel was
apparent. The gel pieces were then incubated overnight (16â€”20 h) in a 37Â°C

water bath. A brief vortexing and centrifugation was performed, and the
aqueous supernatant was transferred to a 0.65-mI siliconized tube. The pep
tides were extracted from the gel pieces by adding 50% acetonitrile (v/v)/5%
thfluoroacetic acid (v/v)/water (â€”50 pi), vortexing for 20 mm, and briefly
centrifuging. This extraction was performed three times, and the supernatants
of each extraction were pooled in a separate 0.65 ml siliconized tube.

The peptides were separated on a Ultrafast Microprotein Analyzer
(Michrom BioResources Inc.) with a HPLC microbore Cl8 column as de
scribed previously (13). Prior to peptide sequencing, the HPLC fractions were
concentrated to â€”5 @.dand then diluted to 25 @lwith 50% (v/v) acetonitrile/

45% water/5% trifluomacetic acid. Hereafter, these 25 @dfractions will be
referred to as the â€œresuspendedHPLC fraction.â€•

Separation of Peptides by CE. Peptide mixtures from tryptic digestion
were separated by CE on a Hewleu-Packard CE system (Hewlett-Packard Co.,
Wilmington, DE) with an UV diode-array detector. The built-in cathodic end

of the capillary was relocated to the outside to collect fractions without
interrupting the separation. Separations were performed in fused-silica capil
lanes (Polymicro Technology, Phoenix, AZ) of 100 or 150 pm inner diameter
and 363 @.tmouter diameter. The capillary length was 100 cm in all cases, and
50 mM sodium phosphate buffer, pH 2, was used as the running buffer.
Between the runs, the capillary was flushed for 5 ruin with fresh buffer, and the
inlet and outlet vial was replenished. To create a window for UV detection
(200 nm) a small area of the polyimide coating was burned off, 56 cm from the
inlet of the capillary. For fraction collection, the time required for the analyte
to migrate from the inlet to the outlet of the capillary (T,@)was calculated by
multiplying the ratio of the total capillary length (L1) to the distance from the
capillary inlet to the detector (La) by the migration time of the analyte from the
inlet to the detector (T,,,@= (L1/L@)T@@).The conductive capillary interface was

introduced by placing the outlet end of the capillary in a grounded stainless
steel needle until it protruded 2 cm from the end. This area was coated with a
gold-filled epoxy (Epoxy Technology, Billerica, MA) to maintain conductiv
ity. The sheath flow interface was assembled by inserting the cathodic end of
the separation capillary into a 700-sm outer diameter fused-silica capillary via
a stainless steel tee. The solvent was added through the tee and the outer

capillary at a flow rate of up to 4 p.1/ruin using a pump (ISCO @LC-500,Isco,
Inc. Lincoln, NE).

Sequencing of Trypsin-digested Proteins. Sequencing of peptides was
performed following separation of the tryptic digests by HPLC. For mass
spectrometric sequencing, either MALDI-PSD or MALDI-CID was per
formed. MALDI-PSD spectra were acquired on a VG TofSpec SE MALDI
time of flight mass spectrometer (Micromass Inc., Manchester, United King
dom) equipped with a nitrogen laser operated in reflectron mode as described
previously (20). MALDI-CID spectra were acquired on a VG Autospec (Mi

cromass, Inc.) as described previously (21). Samples were prepared similarly
for both techniques. Briefly, 1 @.dof resuspended HPLC fraction was mixed
with 1 pA of matrix (a-cyano-4-hydroxycinnamic acid (saturated solution;
Hewlett-Packard), vortexed, and briefly centrifuged, and 1 p1 of the resulting

2 @dof solution was pipeued onto the sample holder. For MALDI-CID
samples, a matrix of 2,4-dihydroxybenzioc acid (Hewlett-Packard) was used.
Edman microsequencing was performed as described (22), using an Applied
Biosystems model 470A gas-phase sequencer.

Densitometric Analysis of Gels. Gels were scanned on a Molecular Dy.
namics Computing Densitometer with ImageQuant software (Molecular Dy
namics, Sunnyvale, CA). Protein spots were quantitated by volume integration
using a background object from a blank region on each gel.

Data Base Searching. Swiss Prot (Release 31, University of Geneva,
Geneva, Switzerland) was searched with peptide mass fingerprint data and
peptide fragment ion tag data for matches with known proteins using software
developed in the University of California, San Francisco, Mass Spectrometry
Facility. The programs, MS-Fit and MS-Tag, are available on the World Wide
Web at http:llrafael.ucsf.edu. For Edman microsequencing data, the program
BLAST (23) was used to search the Swiss Prot data base.

RESULTS

The effects of IL-4 (5 ng/ml) and IFN-'y (100 units/mi) on the
proliferation of ACHN cells for 24, 48, and 72, and 96 h were
evaluated. By 96 h, IFN-y caused a 40â€”50%decrease in ACHN cell
proliferation, whereas IL-4 caused a 30â€”40% decrease; the data are
depicted in Fig. 1. When the two cytokines were combined, the
decrease in cell growth was approximately the same as with WN--y
alone.

For electrophoresis studies, cell lysates from cells treated with
medium alone, IFN--y, IL-4, or both cytokines were harvested after
24 h of treatment and then were electrophoresed by preparative
two-dimensional PAGE. A representative preparative (nonanalytical)
gel of the control, untreated cells, is shown in Fig. 2. Gels were
examined visually and by densitometry, and those protein spots that

differed from the control by approximately 2-fold or greater were
selected for identification. Proteins less affected by cytokines were
also selected for identification, due to their abundance, relative iso
lation, or position on the gel. The p1 values on the horizontal axis of

@I1i@
Cu 11-4 IFN-y

Treatment

11-4
+ IFN-?

Fig. 1. Effect of IL-4 and IFN--y on growth ofACHN cells. Cells (1 X l0@/well) were
treated with IL-4 (5 ng/ml), IFN--y(100 units/mi), or IL-4 plus 1FN-@yand assessed at 96 h.
The data are shown in terms of percent growth of the untreated controL
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Table 1 Proteins in renal carcinomacell line ACHN isolated by two-dimensional PAGE and ident(fledbymicrosequencingâ€•ProteinEstimated

molecular
mass (kDa)/pIProtein identifiedRatio

(treated:control)IL-4IFN-yBoth132/4.6Tropomyosin,

cytoskeletal type0.722.11.0229/5.5Hsp
272.32.94.2329/6.0Hsp

271 .10.930.97425/7.5Manganese
superoxide

dismutase1
.43.42.6525/5.5GST-ir0.703.12.2620/5.7Cu/Zn-SOD0.971.31.2717/3.5605

acidicribosomalproteinP20.750.881.2814/6.5PKCI-l3.64.47.1

IDENtiFICATION OF IFN-y AND IL-4 REGULATED PROTEINS

Fig. 2. Computer-generated image of a pre
parative two-dimensional polyacrylamide gel of
proteins from human renal carcinoma cell line
ACHN. Carrier ampholytes (optimized pH range,
3-10; Millipore) were used in the first dimen
sion. The second dimension was performed using
a 10% acrylamide/bis gel. Approximately 0.8mg
ofprotein was loaded on the first dimension. The
gel shown is that of the control. Arrows, proteins
selected for identification. In addition to those
proteins regulated by cytokines (proteins 1, 2,4,
5, and 8), three other proteins were chosen for
identification.

14

3.5 4.6 5.5 7.0
Isoelectric Point

the gel were assigned based on the p1 values of known proteins.
Molecular weight markers were used to assign molecular weights.

Table 1 lists the proteins investigated. Their identity was deter
mined by mass spectrometry, Edman microsequencing, or a combi
nation of these techniques, and the observed effect of cytokines on
their relative abundance in cell lysates was determined by densito
metric analysis of gels run at two separate times. Proteins 1, 2, 4, 5,
and 8 increased when cells were treated with IFN-'y. Proteins 2 and 8
increased with IL-4 treatment and additionally increased when IFN-y
was used in combination with IL-4.

Protein I [estimated molecular mass (kDa)/pI, 32/4.6] was initially
identified as tropomyosin by peptide mass fingerprinting from the
MALDI mass spectrum of the unseparated tryptic digest using the
MS-Fit software as described in â€œMaterialsand Methods.â€•Following
HPLC separation of the digest mixture, the Swiss Prot data base was
searched using the program BLAST (23), with peptide sequences
obtained by Edman microsequencing, and the tropomyosin identity
was substantiated. The experimentally derived masses and sequences
and those attributed to MALDI masses are indicated in Fig. 3. The
artifactual presence of acrylamide groups attached to Cys-170 and
Cys-233 were predicted from the MALDI mass data, and each is
shown as an italicized C in the sequence of protein 1, tropomyosin, in
Fig. 3. This artifact arises from the acrylamide in the gel during
electrophoresis. Acrylamide-modified cysteines were also detected in

proteins 6 and 8. Sequence analysis of protein 2 (29/5.5) yielded six
separate sequences by MALDI-PSD and a sequence of 5 amino acids

by Edman microsequencing. A search of the Swiss Prot data base
indicated that these sequences were those of heat shock protein 27
(Hsp27), an oligomeric stress-induced protein that confers thermotol
erance to cells and aids in survival from other stressful conditions
(24).

Edman microsequencing of an HPLC fraction of tryptic digested

protein 4, (25/7.5), gave a sequence of eight amino acids. Data base
searching resulted in an identity for protein 4 as MnSOD, a mitochon
drial enzyme that scavenges oxygen radicals. Additional Edman

derived sequences, MALDI masses and MALDI-PSD sequences con
firmed this assignment. Analysis of HPLC separated tryptic peptides
from protein 5 (25/5.5) by Edman degradation gave an 11 amino acid
sequence. MALDI-PSD spectra yielded two 7 amino acid sequences
and one 8 amino acid sequence. Each of these sequences matched
those of GST-ir, a detoxification enzyme that belongs to a multigene
family of dimeric enzymes (25). MALDI masses of tryptic peptides,

MALDI-PSD and Edman-derived sequences supported this identity.

Protein 8 (14/6.5) was identified as PKCI-l (26).
Proteins 3, 6 and 7 were selected for identification due to their

relative isolation and location. To investigate the utility of CE in
conjunction with two-dimensional electrophoresis and MALDI MS
protein identification, the tryptic digest of protein 3 (29/6.0) was

a Microsequencing was performed using mass spectrometric techniques and Edman degradation. The values represent the absorbance of the protein spot on the gel of the treated

cells divided by the absorbance of the same protein spot on the gel of the control cells and are the average of duplicate gels run on separate occasions.
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Protein 3 Heat thock protein 27

MTERRVPFSLLR.GP@WDEE@DWYPHSRLF!
QAFGLPRLPEEWSOW.LGGS8WPGYY@PLPP

AAIESPAVAAPAYSRALSROLSSGVSEIR@I
TADRWRVSLDVNHFAPDELTVKTKDGVVEI
TGKHEERODEHGYISRCFTRKYTLPPGVI@
TQVSSSLSPEGTLTVEAPMPKLATQSNEIT
IPVTFESSRAQLGGRSCKIR

Protein 4 Mangan@ Superoxide Dismutase

MLSRAVCGTSRQLAPALOYLGSRQKHSLPb

LPYDYGALEPHINAQIMQLHHSKHHAAYVN
NLNVTEEKYOEALAKGDVTAQIALQPALK!

NGGGHINHSIFWTNLSPNGGGEPKGELLEA
IKRDFGSFDKFK/EKLTAASVGVQGSGWG@4t
GFNKERGHLQIAACPNQDPLQGTTGLIPLL
GIDVWEHAYYLQYKI@VIWDYLXAUWNVIPI@I

ENVTERYMACKK

Protein 5 Glutathione S-Transferasej@

MPPYTVVYFPVRGRCAALRMLLADQGQS@IM
EEVVTVETWQEGSLKAScLYGQLPI@FQDGD
LTLYOSNTILRHLGRTLGLYGKDOOEAAL@
DMVNDGVEDLRCKYISLIYT@IYIAOKOOYV
XALPGQLKPFETLLSON000KTFIVGDÃ¢I&

FADYNLLDLLLIH EVLAPGCLDAFPLLSAY
VGRLSARPKLKAFLASPEYVNLPINGNGk6

Protein 7 60S Acidic RIbosomnI Protein

MRYVASYLLAALGOVOS$P$AOIDIKKII&@&

GIEADDDRLNKYI$@LIOOX/@II1@IVUAOOIO

MTERRVPFSLLRGPSWDPFROWY1POISRLF@
QAFGLPRLPEEWSQW/LGGSSWPGYVR/P1,P@

AAIESPAVAAPAYSRALSRQLSSGVSEIR@
TADRWRVSLDVNHFAPDELTVKTKDGVVEI

TGKHEERQDEHGYISRCFTRKYTLPPGVIJ@
TOVSSSLSPEGTLTVEAPMPKLATOSNEIT
IPVTFESRAQLGGRSCKIR

IDENTIFICATION OF IFN--,' AND IL-4 REGULATED PROTEINS

Protein L Tropom@n@ cytmkektal type

MAGITTIEAVKRKIOVLOOOADDAEERA@
LOREVEGERRAREOAEAEVASLNRIRIQ LVE

EELDRAOERLATALOKLEEAEKAADESER'd

Â£AQB/I(YEEVARKLVIIEGDLERTEERA@@

&nn%dt@_ IJ@UIMLMLP14F4LK1A.SMEEKYSO

KEDKYEEEIKILTDKLKEAETRAEFAER@
AKLEKTIDDLEDKLKCTKEEHLÃ¨TQRMLDQ

TLLDLNEM

1@cgwper Zinc Superoxide D@mu@

,... .@â€˜. ,@VtKGDGPVOGIINFEOKESNGPVP

VWGSIKL@IGLI@GFI4Y1@FGDNTAGCTSA
GPH@PL$U@KHGGPKDEEI*JVO1DLG@VTAI

XDGVADVSIEDSVISL$GO8ICOI@TLVVH
WDDLGKGGNEESTK@GNAGSRI.tRb2@I

lAO

D..@

GLFD

Protein & Protein Kinase C Inhibitor I

UADEIAKAQVARPGGDTIFGKIIRKEIPA1@
IIFEDDRCLM'GIOO$POAPTIts'LVIPKKHI
SQISVAEDDDESLLGHLMIVGKKÃ”AADLd@
NKGYRMVVNEGSDGGOSVYOf@MLIIVLOO@Q
MHWPPG

Fig. 3. Amino acid sequences of the eight proteins identified in this study. The sequences were those in the Swiss Prot data base. Peptide sequences that matched the experimentally
determined sequences as well as sequences consistent with masses from MALDI mass spectra are indicated as follows: double underline, sequences identified by MALDI-PSD
sequencingorbyhigh-energyCD (protein3).SequencesidentifiedbyEdmansequencingareinoutlinedletters.Singleunderline,additionalsequencesconsistentwithMALDImasses.
C, an acrylamide-modified cysteine, an artifactual modification from electrophoresis and revealed by Edman sequencing and when searching for proteins in the data bases by peptide
masses.

separated by CE. CE has a number of practical advantages over
conventional-scale analytical separation methods, such as high speed,
economy of sample size, and high separation efficiency. Separation by
CE is based on the differences in charge-to-mass ratios of the com
ponents of the analyte, making it a complementary analytical method
to HPLC, where separation is due to the partitioning of solutes
between the mobile phase and stationary phase. Corresponding frac
tions from several CE runs were pooled and analyzed by MALDI
CID. High-energy CID data from a CE fraction containing an
1178.9-Da peptide revealed an 11-amino acid sequence, LGCISSWP
GYVR. The sequence was used to search the Swiss Prot data base and
was found to match the sequence of Hsp27. Peptide fragment masses,
from a theoretical digest of Hsp27, were consistent with masses in the
MALDI mass spectrum, confirming this assignment. This finding, in
combination with that for protein 2 above, indicated that at least two
Hsp27 isoforms were present on the gels.

Protein 6 (20/5.7) was initially identified as Cu/ZnSOD. This
identity resulted from searching the Swiss Prot data base with an
8-amino acid sequence obtained from Edman microsequencing.
Further sequence analysis of the tryptic peptide fractions provided
five additional sequences from Edman microsequencing and three
sequences from MALDI-PSD spectra, one of which is shown in
Fig. 4. All sequences matched those of Cu/ZnSOD and are mdi
cated in Fig. 3. As for proteins 1 and 8, the MALDI-PSD spectra
revealed the presence of acrylamide-modified cysteine residues.
Protein 7 (17/3.5) was identified from an 11-amino acid Edman
derived sequence as acidic ribosomal protein P2, a protein in
volved in the elongation step in protein synthesis (27) This assign

ment was confirmed by additional Edman and MALDI-PSD
derived sequences as indicated in Fig. 3.

DISCUSSION

This study demonstrated the antiproliferative effects of IFN--y,
IL-4, and their combination on the renal carcinoma cell line ACHN
and has identified some of the proteins of which the levels are altered
by cytokine treatment and that thus may be involved in the antipro
liferative action of these cytokines. The antiproliferative effect that
was observed was similar in extent to that reported for other renal
carcinoma cell lines by Hillman et a!. (12), who also used IL-4 and
IFN-'y. By using two-dimensional PAGE combined with Edman and
mass spectrometric sequencing techniques, this study showed for the
first time that tropomyosin, Hsp27, GST-ir, and PKCI-l were cyto
kine regulated in ACFIN cells. In addition, the results confirmed those
of Harris et a!. (28), who found induction of MnSOD by IFN--y in the
ACHN cell line.

Tropomyosin increased in cells treated with JFN--y. Tropomyosin
belongs to a family of acm binding proteins that stabilize actin
polymers. A decrease in the amounts of tropomyosin isoforms accom
panics neoplastic transformation of fibroblasts (29). There is a lack of
other types of tropomyosin in cell lines derived from human breast
carcinoma (30) and in malignant human breast lesions (31). Overex
pression of tropomyosin 1 suppressed growth of transformed cells
(32), and tropomyosin RNA has been shown to suppress tumor growth
(33). Furthermore, the intracellular concentrations of mRNAs encod
ing isoforms of tropomyosin are known to decrease in transformed
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Fig. 4. MALDI-PSD spectrum of an HPLC fraction of protein 6 showing the derived 12-amino acid sequence GLTEGLHGFHVH. The spectrum was acquired on a MALDI-TOF
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cells and increase when cells revert to normal (34). The increased
amountsof tropomyosinin ACHNcells upon treatmentwith IFN-y
are intriguing in light of these findings and the recent evidence (35)
that tropomyosin RNA activates PKR, the IFN-y-mediated protein
kinase that inhibits protein synthesis and has tumor suppressor activity

(36,37)Tropomyosinlevelsmightnormallybedepressedin ACHN
cells, and their up-regulation with !FN-y treatment is suggestive of an
auxiliary role as a PKR activator in the mechanism of the antiprolif

erative action of IFN-'y. IL-4 suppressed the IFN-'y up-regulation of
tropomyosin. The mechanism underlying this phenomenon is not yet
understood, but the observed antagonism could originate at the tran
scriptional, translational, or posttranslational level.

Hsp27 increased in cells treated with IFN--y or IL-4 and addition
ally increased when the two cytokines were used in combination. The
identification of a protein located to the basic side of Hsp27 led to the
conclusion that at least two isoforms of Hsp27 were present on the
two-dimensional gels. The more basic isoform was selected for iden
tification on the basis of its abundance and not because it appeared to
be regulated by cytokine treatment.

Hsp27 is an oligomeric protein that belongs to a family of heat
shock or stress proteins, the synthesis of which is enhanced by heat
and other stressful conditions (38). Stress proteins confer thermotol
erance to cells and aid in survival of other stressful conditions. The
biological significance, distribution, and clinical implications of

Hsp27 have been reviewed (24, 39). Hsp27 is known to have several
isoforms due to the phosphorylation of serine residues (39, 40).
Isoforms have been identified with p1 values ranging from 5 to 7 (41).
Phosphorylation of Hsp27 is induced by a large variety of stimuli,
some of which also up-regulate Hsp27 (24, 39). There is a large body
of evidence that suggests that Hsp27 plays a role in growth and
differentiation in normal and malignant cells (39, 42â€”47). Recent
studies suggest that Hsp27 assists in regulating the dynamics of actin
microfilaments in response to growth factors and that phosphorylation
of Hsp27 modulates its activity (39, 48). In addition, studies on the
mechanism of the role of Hsp27 in the response of the cell to heat and
oxidative stress indicate that the protective function of Hsp27 is
dependent on its phosphorylation and its role in actin dynamics (39).
It is of interest that phosphorylation of Hsp27 has been suggested to
be regulated by intracellular levels of reactive oxygen intermediates
(39, 49).

The increased levels of Hsp27 in ACHN from treatment with IFN-y
and JL-4 indicate that their mechanisms of antiproliferative action
may include changes at the level of actin polymerization. The increase
in the acidic isoform of Hsp27 on the two-dimensional gels does not
necessarily exclude an increase in the more basic isoform of Hsp27

because phosphorylation may be occurring at an increased rate. The
modulation of Hsp27 may occur by separate pathways for the two
cytokines. For example, IFN-y may evoke an inflammatory response
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in ACHN, altering the levels of cellular reactive oxygen intermedi
ates, whereas the regulation of Hsp27 in cells treated with IL-4 may
result from alterations in the stage of differentiation of the cell. The
antiproliferative effect occurring by either cytokine could be intrinsi
cally linked to changes in microfilament dynamics through the action
of Hsp27. Finally, it is of interest that overexpression of Hsp27 has
recently been correlated with resistance to chemotherapeutic drugs
(46, 50, 51). That Hsp27 is a highly prominent protein on the two
dimensional gels of ACHN cells should be further investigated in
relation to the resistance of renal cell carcinoma to many chemother
apeutic agents (52).

GST-i@ increased in ACHN cells treated with IFN-'y. Treatment
with the combination of cytokines resulted in a level of GST-ir similar
to the control, suggesting antagonistic actions between IL-4 and
IFN--y. GST-ii@is a detoxification enzyme that belongs to a multigene
family of dimeric enzymes (25, 53). GSTs catalyze the reaction
between reduced glutathione and various cytotoxic and carcinogenic
electrophilic compounds, thus increasing their solubility (53). In

creased expression of GST is thought to increase drug resistance in a
variety of cell types (54, 55). Substrates of GST-ir include toxic

products of lipid peroxidation that are generated during inflammation
(25, 56). The up-regulation of GST-ir in cells treated with IFN-y may
be due to the pro-inflammatory properties of IFN-'y. The observed
suppressive effect of IL-4 on the up-regulation of GST-ir by IFN-'y is
consistent with the anti-inflammatory role of IL-4 (57), but here again,
the molecular mechanism is not yet understood.

ACHN cells treated with IFN-@y or IL-4 showed an increased

amount of PKCI-1 compared to the control cells. Additional up
regulation occurred when the cytokines were used in combination.
PKCI-l is an inhibitor of PKC (58), an enzyme that is involved in a
variety of signal transduction, differentiation, and transformation

pathways (59). The activation of PKC by tumor promoters leads to the
expression of genes related to cell proliferation (60), and PKC inhib
itors have been used in cancer therapy. PKC is activated by diacyl
glycerol (60), a product of phospholipid breakdown generated during
inflammation. Induction of PKCI-1 may occur as part of the inflam
matory effect of IFN-y and may take on a regulatory role to achieve
homeostasis. The IL-4 up-regulation of PKC inhibitor 1 in ACHN
cells suggests that the mechanism of antiproliferative action of IL-4
may include the inhibition of PKC.

IFN--y but not IL-4 caused an increase in MnSOD, a mitochondrial
enzyme that protects the cell from harmful oxygen intermediates. In
human breast carcinoma cells, MnSOD is induced by agents that
generate reactive oxygen intermediates, such as tumor necrosis factor
(61). The up-regulation of MnSOD in ACHN cells may reflect the
pro-inflammatory action of IFN-'y. The induction of MnSOD by
IFN--y is consistent with previous studies of ACHN and other tumor
cell lines (28). In studies using antisense technology, MnSOD was
recently shown to be involved in the IFN--y-induced antiviral state
(62).

Four of the up-regulated proteins that were identified (Hsp27,
GST-ir, PKC inhibitor I, and MnSOD) can assist cells in recovery
from inflammatory insult. It is possible that Hsp27 and PKCI-1 could
mediate the antiproliferative action of IFN--y as well. This would
suggest that a given cytokine-induced protein can participate in more
than one cytokine action, such as the antiproliferative and pro-inflam
matory actions of IFN--y. This would not be surprising in view of the

pleiotropic nature and overlapping functions of cytokines. Finally, the
use of two-dimensional PAGE, Edman microsequencing, and mass
spectrometry, as demonstrated in this study, is widely applicable for

investigating other cell types (63) to gain further knowledge on the
mechanisms of biological responses conferred by a variety of agents
or biological conditions.
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