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ABSTRACT 

A glycoprotein associated with malignancy was purified from the 0.6~ per- 

chloric acid-soluble fraction of serum obtained from cancer patients. The purified 

glycoprotcin contained sialic acid, which was reponsible for binding to wheat-germ 

agglutinin-Sepharose. Gel electrophoresis showed one band with an apparent M, 
of 50 000-55 000, and the isoelectric point was 4.4 +O. 1. The glycoprotein could be 

distinguished from carcinoembryonic antigen and cu-fetoprotein. Iodination of this 

material with chloramine-T permitted development of a radioimmunoassay. 

INTRODUCTION 

Changes in the serum level of glycoproteins designated as acute-phase reac- 

tants have been reported for a variety of diseases including cancer’. Although the 

acute-phase glycoproteins in serum are primarily responsible for the observed in- 

crease in protein-bound carbohydrate in malignancy, the tumor cells may function 

as an additional glycoprotein source. Thus, direct products, such as a-fetopro- 

tein2T’ and carcinoembryonic antigen’,’ have been described, as well as a variety of 

antigens characterized primarily by their interactions with monoclonal antibodie@. 

In addition. modification of normally circulating components by addition of glyco- 

syl (sialyl) residues may prolong their serum half-lives and lead to net increases in 

concentration’. 

The isolation from human serum of a glycoprotein associated with the pre- 

sence of a variety of malignancies has been reported’. Although the preliminary 

chemical and physical data indicated this material to be different from previously 

identified, circulating glycoproteins, detailed immunologic studies were not per- 

formed. In addition, convenient routine measurement of the levels of this glyco- 

protein in serum required a sensitive and relatively specific assay. This paper de- 

scribes the development and application of a radio-immunoassay for the cancer-re- 

lated glycoprotein. 
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FXPERIMENTAI. 

Materials. - Wheat-germ agglutinin was prepared lrom crude wheat-germ. 

by us. using a modification of the method of Nagata kind Burger“. ‘Tllc Aparose- 

IgG fraction of anti-rabbit IgG uas purchased from Milec I.aboratorres Inc. (1% 

khart, IN 46515). ‘-“Iodine was purchased from NW E~ngland Nuclibar [ B~stcrn. 

MA 02118) or Amersham Corp. (Arlington Ileiphts. IL 60005). Sepharo\c J- B. 

Sephadex G-25, and DEAF<-Scphadcx A-2.5 were from Pharm;lcia Inc. (Piscata-, 

way, NJ 08854); cyanogen bromide from Eastman Kodah Co. (Rochester. NJ 

14650); perchloric acid from J. T. Baker Chemical Co. (Phillipsburp. NJ 08,US.i). 

and ampholytes from LKB (Bromma, Sweden 1. Acr)lamide”. .V. A.‘-meth>~lbis- 

(acrylamide). 2-mercaptocthanol. and low-molecular-weigi,r htandard\ ccmtainlng 

lysozyme, soybean trypsin-inhibitor, carbonic anhydrase. ov;rlh~nin. bovine 

serum albumin (BSA), and phosphorylase were purchastzcl from Bio-Rnd 

laboratories (Richmond, CA 94804). Vihrio chokrue neur‘mlinidast: was purchased 

from Calbiochem-Behring Corp. (San Diego. CA 02I 17). AII other chemicals 

were the best commercially available and were used without iurthcr purrf!cation. 

Preprtztiotl f?f’glL’c-(/l”Otf~irl. -.- Plasma obtained by 17i;rsrii;ll’t’t:r~~is 01‘ suita- 

ble donors was precipitated b! a modification of thr method OI Krupc”~ c’i i/l. I”. 

Routinely. plasma (500 ml. ) was chilled in an ice bath and cold fl.it~t pcrchloric acid 

(500 ml>) added with stirring; additional cont. perchlorl ‘c acid (Z-3 ml ) \bc;3> ‘icftied. 

and the mixture incubated in an ice bath for 20 min with ccmtin~i~~u\ 4i111-1ng. ‘I’hc 

perchloric acid-soluble fraction was centrifuged off and made nciltral \\ith %I pota+ 

sium hydroxide. The potassium pcrchlorate precipitate was ccntrifllgcd off. and !hc 

supernatant dialyzed against distilled water and lyophiiired. 

‘The lyophilized, pcrchloric acid-soluble material U’JS ctissolvcd. at a concen- 

tration of 10 mg!mL,, in 1OmM pyridinium acetate, pH 5~0, and applied to a column 

(3 x 47 cm) of DEAE-Sephadex A-25 equilibrated with 10~~~1 p),ridinium acetate. 

The column was eluted with ;I linear gradient of pyridinium acTt;tte from 0.01 to 

lhf. and monitored for protein’ ’ A major protein-peak.. cluted irt ,--O.-JV halt con- 

centration. was pooled, dialyzed against distilled w;~ter. and lyc~phificcd. Sequen- 

tial, preparative isoelectric-tocusing was pert’ormcd with Ui- and 1 I!!-rnL columns 

in order. The fractions at pH 4.3.-1.5 were combined. ti~aly~d euhaustivcl> against 

distilled water. and freed from residual ampholytt: h! c ~7~1 fillratil~li in WmV ‘i‘ris. 

pH X.0. in a column (I x 60 cm) of Sephadex G-25. ‘l‘ht: Loid-\zolumr% peak fraction 

was applied to a wheat-germ aggiutinill-Sepharose 4B affinit? column which con- 

tained approximately 2.3 mg of wheat germ aggiutinin.‘mL (II settled gel. Bound 

glycoprotein was eluted with 5Omh~ Tris. pH X.0. containing 0. lr\< I~;~c~tamicit,_7- 

deoxy-t>-glucose”. This product was de\ignatetl Cc& and was uwd lox- ,~ulwqutmt 

studies. 

The material initially employed for radiolabeling as dell as for antihotlq pro- 

duction was obtained from the plasma (1 L,) of a patient with disscmin:rtcd rnam- 

mary carcinoma. Approximatelv 20 subsequent prcpar-at ion<, l!;i\.c ht’cr; i,:trr-ird <?ut 
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utilizing plasma from patients with melanoma, or lung or mammary carcinoma and 

the protocol just described. The yield of CcW ranged from 100 to 300 pg/L. 

Preparation of antiserum. - CcW (120 pug) was emulsified in complete 

Freund’s adjuvant (1 .O mL) and the mixture injected subcutaneously into the foot 

pad of a male, New Zealand white rabbit. The antibody formation was boosted by 

intravenous injection, after 25 days, of addition of antigen (20 pg), and a second 

time after an additional 10 days. Blood was collected from the ear vein prior to im- 

munization, and 10 days following the second booster. Subsequent bleedings have 

been performed at approximately 2-month intervals, 10 days after a booster injec- 

tion. The blood was allowed to clot and the resulting serum adsorbed with normal 

human serum according to the following procedure. 

The immunosorbent was prepared by adjusting the pH of dialyzed (against 

0.15M sodium chloride) human serum (100 mL) to 7.0 with M phosphate buffer and 

treating with a 2.5% aqueous solution of glutaraldehyde (30 mL). Gel formation 

occurred after stirring for 20 min at 20”, and the gel was allowed to set for 3 h. The 

cross-linked serum was suspended in 0.2M phosphate buffer (1 L), pH 7.2, by 

homogenization in a loose-fitting Potter homogenizer. The suspended gel was 

recovered by centrifugation and the dispersal-recovery cycle repeated six times. 

Then, the washed gel was suspended in phosphate buffer (1 L), pH 7.2, containing 

0.15M glycine and 0.02% sodium azide, and the mixture stirred for 18 h at 4”. The 

gel was recovered by centrifugation, washed thrice with the phosphate-glycine buf- 

fer, twice with distilled water, and freeze dried. 

The lyophilized gel was added to the rabbit antiserum (10 mg/mL) and, after 

incubation for 2 h at room temperature, the suspension was held for 16 h at 4” with 

continuous mixing. The gel was removed by centrifugation and the serum clarified 

by filtration through a 0.22~pm pore filter. This process was repeated once. The re- 

sulting antiserum was stored at -20”; its antibody titer has been stable for at least 

two years. The adsorbed rabbit antiserum was employed for most subsequent ex- 

periments. The antibody titer against the glycoprotein was not significantly affected 

(less than a factor of 2) by the adsorption step. 

‘251-Labeling of glycoprotein. - The glycoprotein (5 pg) was dissolved in 

0.2M sodium phosphate buffer (100 pL), pH 7.5, and carrier free Na’251 (92.5 

MBq) added, followed by chloramine-T (50 pg)12. After 60 s, a 0.24% solution of 

sodium hydrogensulfite (100 pL) and a 0.2% solution of cold NaI (50 pL) were 

added, and the free iodine was separated from the protein-bound iodine by gel fil- 

tration in a column (1 x 30 cm) of Sephadex G-25. The void-volume peak fraction 

was collected and dialyzed against %mM Tris, pH 8.0. The specific activity of the 

iodinated protein was -0.37 MBqlwg. 

Final purification of the radiolabeled product was achieved by affinity chro- 

matography’” on a column (1.5 x 6 cm) of wheat-germ agglutinin-Sepharose 6MB. 

The density of the ligand was 2 mg/mL of packed gel. After dialysis, the iodinated 

components in the retentate were transferred to the column, and the unbound ma- 

terial was eluted with Tris buffer, pH 8.0 (10 mL). Bound glycoprotein was eluted 
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Fig. 2. Wells contained rabbit anti-CcW antiserum. After the electrophoretic run (6 V/cm, 45 min), the 
troughs were filled with goat anti-rabbit IgG (1) or IgM (2). Precipitin lines developed after incubation 
overnight at room temperature (upper diagram). The slide was washed extensively with saline solution 
for 48 h, and then ‘t51-labeled CcW was layered over the slide which was incubated for 24 h. The slide 
was washed extensively with saline solution for 48 h and radioactivity detected by autoradiography 
(lower diagram and photograph). 

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis. - NaDodSOh 
polyacrylamide gel electrophoresis was performed by the method of Weber and 
Osborn’” on 6% gels (0.5 x 10 cm) in the presence of low-molecular-weight 
standards, and, cw,-acid glycoprotein, unlabeled and radiolabeled by reduction al- 

kylation with [ “C]formaldehyde’s, as markers. The proteins were denatured be- 
fore electrophoresis by incubation for 3 min at 100” in 2-mercaptoethanol and 
sodium phosphate buffer, pH 7.0, containing 1.0% NaDodS04; Bromophenol 
Blue was used as tracking dye. Protein bands were stained with Coomassie Brilliant 
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Blue according to the method of Fairbanks et rd. I”. Gels containing radiolabcled 

proteins wcrc cut into Z-mm hiices. and the slices dissolved in iiK hydrogen 

peroxide (1 mL) and incubated overnight at 37”. Scintillation fluid was then added 

and samples counted. In the cast of “‘I-labeled protein. the ?-mm slices wcrc 

counted directly in a gamma counter-. 

Prcpmtion of Nsiulo~pl,,.~.o~)rotCili. -- Glycoprotein was treatediT with Vibrio 

cholerur ncuraminidase in 0. 1~31 sodium ;icetate buffer.. pH 3.6. nith n1~1 calcium 

chloride for 24 h at 37”. Free sialic acid was separated tram the gl~coprotcin by gel 

filtration on ;t column (0.6 :* 60 cm) of Riol-Gel P-2. 

The isolated CcW glycoprotein appeared homogeneous by NaDodS04- 

polyacrylamide gel-electrophoresis and isoelectric focusing. Comparison with sev- 

eral proteins used as molecular-weight standards is shown in Fig. .3. The CcW 

glycoprotein migrated slightly 4owcr than (1;,-acid glycoprotcin and slightly faster 

than bovine strum albumin, indicating an apparent ,V, ot 50 OOO--55 000 for both 

labeled and unlabeled compound. 

Immunoclectrc)phorcsi~ of CcW and reaction bvith anti-CcW sho~\eeil a single 

hand with a mobility similar to that of albumin (Fig. 1 )_ ‘l’hr rabbit antibodies \ver-e 

primarily of the IgG class as indicated by ilnmunoelectroph~~rc~i~. folIowet! by 

treatment with goat anti-rabbit IgG or IgM antiserum. and then with “‘I-CcW 

(Fig. 2). 

The purity of the radioiodinatcd preparation was cxamincd bg gel elec- 

trophoresis. “‘I-Labeled CcW migrated as ;t single molecular weight species (Fig. 

1). Although the amount of C’cW employed ah an immunogen wax relati\~cly small. 

the rabbit mounted a suitable: antibody response. A typical antibitd\ dilution curve 

is shown in Fig. 5. In the double-antibody r~ldioinlrnunc)assav. m;~~imum hinding 

ranged from 70 to XOV at antibody dilutions of 1 : 1000. and 40 to Sli’i .II a dilution 

of I : IO 000; this value decreased gradually with further dilutions of ;Inti\erum. The 

wheat germ-agglutinin-unbound fraction \t’as not re:rctibc. 

“‘I-CcW was treated with neuraminidasc and the asialo product isolated by 

exclusion chromatography. Analysis indicated that >40? of the cialic acid had 

been removed. The asialo-.C‘cW was further purified by affinity chromatctgr~lph~ on 

a column of ricin-Sepharosc (RC’AI). Bound material (%I(: ) was elutcd with (I. I>t 

lactose in 5Ornbr Tris, pH 8.0. The binding curve 01 the asialo deri\,atike is shown 

1n Fig. 5. 

A standard curve wax generated by adding various concentrations of un- 

labeled CcW to a constant amount of “iT-CcW at LI 1 : 1000 dilution of anti-CcW 

serum (Fig. 6). The concentration of unlabeled antigen was varied between 1 and 

100 ngitube. The results are expressed as percent of radioactivity hound in the ab- 

sencc‘ of unlabeled antigen 1”. concentration of unlabclcd antigen added. The per- 

centage of bound radioactivity decreased slowly at low concentratlc,ns of added un- 
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Fig. 3. Polyacrylamide-gel electrophoresis of CcW (-10 pg) and protein standards. Details of the pro- 
cedure are described in the Experimental section. Abbreviations: Stds., protein standards; al-AgP, al- 
acid glycoprotein. 

labeled antigen, and in a semi-logarithmic fashion at antigen concentrations of 4-- 

100 ngitube. The amount of labeled CcW used in each assay was -300 pg. 

In competition binding (see Table I), the cross-reactivity of c-u,-acid glycopro- 

tein was marked and suggested a close structural relationship to CcW. In view of 

the failure of the absorption step to remove the cross reactivity with al-acid glyco- 

protein, the antiserum was tested against a number of other serum proteins, espe- 

cially those identified as acute-phase reactants. The data (summarized in Table I) 

show that none of the other serum components was recognized by the antiserum. 

In a separate experiment, an antibody-affinity column was prepared utilizing the 

absorbed rabbit-antibody coupled to Sepharose 4B. The density of the antibody on 

the matrix was estimated, on the basis of amino acid analyses of a gel aliquot, as 

2 mg/mL of packed gel. The material from serum selectively bound by this column 

was eluted with 0.4M acetic acid and examined by polyacrylamide-gel elec- 

trophoresis. The gel pattern revealed essentially one broad protein band with an 
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Fig. 6. Semi-logarithmic plot of CcW antigen-competition data at 1: 1000 dilution of antiserum. Details 
of assay are given in the Experimental section. 

TABLE I 

COMPI:TITION RADlOhlMUNOASSAY DATA FOR VARIOUS GI.YCOPROTEINS~ 

Protein 50% Inhibition level (ng) 

at-Anti-trypsin 
at-Acid glycoprotein 
Ceruloplasmin 
Transferrin 
Fibrinogen 
Human serum albumin 
Haptoglobin 
Carcinoembryonic antigen 

>500 
35 

>500 

>500 
>soo 
>soo 
>500 

>soo 

“Assay conditions as described in Experimental section. 

apparent M, of 42-50 000. Minor components were completely removed by a sec- 

ond absorption-elution step from the affinity column. 

DISCUSSION 

Strongly acidic reagents, such as perchloric acid and trichloroacetic acid, are 

known to cleave off sialyl residues ” However, if the acid step is performed at low . 
temperature, the glycosyl bond resists a short exposure. Prior studies from our lab- 

oratory and others have demonstrated significant differences between the protein 

and sialic acid levels in the perchloric acid-soluble fraction of serum from normal 

individuals and patients with malignant disease’“-23. 

The proportions of several of the acute-phase reactants of serum are in- 



creased in the perchloric acid-soluble fraction as is the i‘ancer-ass~)ciatcd car- 

cinoembryonic antigen. The isolated CcW glycoprotein could he diftcrcntinted 

from previously described tumor markers (carcinoembryonic antigen. lr-fctopro- 

tein. and acid phosphatase) on the hasi\ crf rnolccular \vcight., xl&hilit.~. and lnr- 

munologic and chroltlatogr~~phic properties. In addition. C‘cW differs lrotn o ,--anti- 

trypsin, (rl-antich4.~l10trypkln. transferrin, and ccruloplasmln in Lkithcr molecular 

weight. isoelectric point, or lectin affinity. in adciitictn to immunologic properties. 

Cross reacti\;ity was exhibited with o,-acid glycoprotein, wkich could compete cf- 

fectively in the radioirnmuno~tcs~~y (505 inhibition at 3.5 ng). i-iowc~~~:r. differences 

from a,-acid glycoprotein included apparent .%I, (1 -_ 3)OO). isoclcctrii point (3.4 

VS. 2.9). and lectin-affinity properties” Although asialo-tr!-iacid ~~ +3,prc~tcin has ;i 

pl of 4.4, C‘cW is fully sinlylatcd and shifts to a higher- pi when the s1alv1 r~uiduc~ 

arc removed. The generalized cievation of the lcvcl of Cc\?’ obsi:rvcd in a \;lriet\ 

of malignancies, together with physical. chemical. and imm~~nol~igic~ kiata. suggest 

that C’cW is closely rciatcd to tr,-acid glycoprotein. possih!! an rncimiplctcl!, pro- 

cessed precursor or ii non-li\er-tissue icoform” .‘?. The synthesis of acute-phase., 

reactant proteins by liver has hecn revicwcd in detail”‘. I’he failitirc ill‘ lht: adsorp- 

tion step to significantly alter the titer of the antibody is not clcar1~ r~ndz~~stood hut 

mav he related to the method of preparation of the ad~.~rhcn? zince .III adequate 

amount of cyi-acid glycoprotein is present in serum to interact effccti*,cly with lht- 

antibody. An explicit definition of the chemical differences ktwcen (‘cu’ and aI-. 

acid glycoprotein requires detailed structural work. currently undertvak 

(‘cW had :III affnitb for whoat-germ agglutinin that \vas mc~cli:~ted I>) Gal!,1 

groups: the presence of subterminal If-gnlactosyl re:~duc\ ~4 aIs0 Iikcl! in vit9v of 

the affinity of the asialo-(‘cW for ricin. and the usual attachment loci of Galyl 

groups. The interaction of WGA with sialic acid ha\ ken ncltcti iby cc\crai 
laboratories including our own, Although sialic acid itself ha4 1 ci3 !tnt affinil\ for 

the &tin, clustered \ialyl groups, such as those present in multi-br,inched (antcn- 

nary). complex glycoprolcina ;trc‘ cffectivr iigands”’ ‘I. Ihe !.;iciioimmllnc?;is?;av 

was sensitive to - i0 ni: of the glycoprotein with material iodin;\tt:d \xi~l the 

chloramine-l’ procedure. illternative iodination procedrlrcs wc’r~* ,I/QI examined 

I_actopcroxidase-catalyzed peroxide generation.” yirlikd ;i product !I,ivirrg signili- 

cantly lower specific activity, whereas use of the Bolton ‘tluntca rtxagtxnt X,3 gaLY a11 

immunologically inactive: PI-oducl. 
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