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ABSTRACT

Carcinoembryonic antigen (CEA), one of the most extensively studied
human tumor-associated antigens, represents a potential target for passive

as well as active immunotherapy. We describe here the first baculovirus
recombinants expressing the human CEA gene. Eight baculovirus clones
were isolated which expressed products of varying molecular weights; one
clone, termed BVCEA-140, was shown to contain multiple CEA epitopes
by reactivity to a panel of anti-CEA monoclonal antibodies. When purified

protein isolated from this clone was deglycosylated, immunoreactive spe
cies ranging from M, 50,000 to A/,. 110,000 were found. Results of Southern
blot analysis carried out on BVCEA-140 DNA were consistent with the

hypothesis that these products result from the stable expression of variants
which have recombined within the repeated domains of CEA. Other bac
ulovirus recombinants expressing products comprising different portions
of the CEA gene were also derived. One, termed BVCEA-35, was shown to

be a recombination between the first 87 bases of domains I and III of the
CEA gene. A variant, termed BVCEA-16, contained only the NH2-terminal

domain of the CEA gene. Moreover, a recombinant expressing the closely
related molecule nonspecific cross-reactive antigen was also derived.

As shown here, commercially available preparations of CEA, which are

derived from tumor biopsies or cell line supernatants, may contain non
specific cross-reacting antigens and other contaminants. Thus, the recom

binant CEA molecules described should have numerous uses including
validation of the use of monoclonal antibodies as standards in CEA serum
assays, the characterization of immune responses to CEA, the use as
immunogen, and the study of structure function relationships.

INTRODUCTION

CEA1 is expressed on a wide range of human carcinomas, including

colorectal, gastric, pancreatic, and non-small cell lung and breast

carcinomas ( 1, 2). It is perhaps the most widely studied human tumor
marker. Serum CEA determinations are routinely used to follow po
tential disease progression in several carcinoma types. Numerous
monoclonal antibodies to CEA have been developed and are currently
being used as radioimmunoconjugates for the in vivo detection of
CEA-expressing tumor lesions. Clinical trials are also in progress on
the use of radiolabeled and drug-conjugated anti-CEA MAbs for the

treatment of human carcinoma.
The role of CEA in cancer progression is not yet fully understood.

It has been hypothesized that it can act as a homoadhesion molecule
(3). CEA has recently been considered as a target for active immu
notherapy. A recombinant vaccinia virus containing the human CEA
gene has been shown to have antitumor activity in an animal model
system (4) and to induce both humoral and cell-mediated immune

responses specific for CEA in a primate (5).
CEA is a highly glycosylated Mr 180,000 protein. Numerous other

proteins have been isolated from human tumors, fetal tissue, and
various normal organs that have been shown to immunologically
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cross-react with CEA (6). The most cross-reactive of these is NCA

which is found on most human granulocytes as well as in several

carcinoma types (7).
The CEA gene has now been cloned and has been shown to be part

of a multigene family. As many as 11 members of the CEA gene
family have been cloned, including biliary glycoprotein, pregnancy-

specific glycoprotein, and others (2).
To date, there has been no recombinant source of CEA available.

The present, commercially available sources of "purified" CEA are

obtained from tumor biopsies or supernatants of tissue cultures. These
preparations may be contaminated with NCA as well as other mole
cules.

The BV vector system has been used to express many glycosylated
proteins that are unable to be expressed in prokaryotic systems. We
report here the expression and characterization of several recombinant
CEA constructs and an NCA construct in baculovirus. These mole
cules may potentially be of use in serological assay systems and to
further study structure-function relationships of the CEA molecule.

Finally, these molecules may be of potential use as immunogens for
active specific immunotherapy protocols of human carcinoma.

MATERIALS AND METHODS

Purified CEA. Assays were carried out with purified CEA isolated from
human liver adenomas, tissue culture supernatants of a human adenocarcinoma
cell line, and from human colon carcinoma liver mÃ©tastases(Vitro Diagnostics,
Littleton, CO; The Binding Site, San Diego, CA; International Enzyme, Fall-

brook, CA).
Serological Assays. The anti-CEA MAbs COL-1, COL-4, COL-6, COL-8,

COL-9, and COL-12 have been previously described (8). MAbs COL-1, -6, -8,
and -9 have also been shown nonreactive with NCA, while MAbs COL-4 and
COL-12 react to epitopes found in both NCA and CEA. The MAb B 1.1 (9)

reacts with CEA and NCA, whereas the MAb B6.2 reacts with NCA but not
with CEA (10). Reactivity of baculovirus recombinant proteins with the MAbs
was assessed in an enzyme-linked Â¡mmunosorbent assay, carried out essentially

as previously described (11). Briefly, 100 \i\ of the recombinant baculovirus
proteins, purified as described below, were diluted to 1-5 ug/ml in Dulbecco's

phosphate-buffered saline and incubated overnight at 37Â°Cin polyvinylchlo-

ride microtiter plates (Dynatech. Chantilly. VA). The MAbs. diluted to 1 (jg/ml.
were incubated with wells containing the antigens and bound antibody detected
by incubation with peroxidase-coupled goat anti-mouse IgG (GIBCO BRL,

Gaithersburg, MD).
DNA Amplification by PCR. Oligonucleotide primers were synthesized

by automated phosphoramidite chemistry on a model 8750 DNA synthesizer
(MilliGen/Biosearch, Marlborough, MA). The PCR was carried out using 10
ng to 1 ug cDNA template. 5 UM of each Oligonucleotide primer, 10 ITIM
deoxynucleotides (2.5 IBMeach), and 10 units Thermus aquaticus polymerase
(GIBCO BRL) in 50 pi PCR buffer (300 mm meine, pH 8.4-20 mm MgCl2-50
min ÃŸ-mercaptoethanol-0.1% gelatin). Primers were annealed for 1 min at
55Â°C,denaturation was carried out for 1 min at 95Â°C,and extension was
carried out for 2 min at 72Â°C.Amplification was conducted for 30 cycles.

Insect Cell Culture. Serum-free-adapted Sf9 insect cells (GIBCO BRL)
were cultured at 28Â°Cin Sf900-II medium (GIBCO BRL) without supple

ments. Plaques, isolated as described below, were placed in 0.5 ml Sf900-II,

vortexed at high speed for 1 min, and left at room temperature overnight.
Following this, 0.3 ml of infectious culture medium was used to infect 5 X IO5

Sf9 cells in 24-well plates. Infectious medium and cells were collected together

3 to 5 days following infection, vortexed, and spun at 10.000 X g. The
supernatant was used to infect 60-mm dishes of Sf9 cells, and 1 to 2 ml of
supernatant collected from 60-mm dishes were used to infect a 100-ml shaker
flask of Sf9 cells (1-2 x IO6 cells/ml).
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Generation of Baculovirus Recombinants. To facilitate subcloning, a
sequence containing the Sma\ restriction endonuclease site was placed near the
5' end of the primers. In order to produce the full length CEA product. PCR of
a CEA cDNA clone (12) was carried out with two primers, one (5'-AAAC-
CCGGGAACTCAAGCTCTTCTCCACA-3') containing the sequence of a

portion of the 5' untranslated region of CEA and the other (5'-AAACCCGG-
GAAGCAATTTTAGACTGTAG-3') containing the compliment of a portion

of the 3' untranslated region of CEA. Following digestion with Smal. the PCR

products were separated on 17f low melting point agarose gels, and a gel slice

containing the appropriate sized band was digested with Agarase (Boehringer
Mannheim Biochemicals. Indianapolis. IN). The isolated PCR fragment was

inserted into the baculovirus expression vector pVLI393 (InVitrogen. San
Diego. CA), which had been digested with Smal. This construct, termed

pVLCEA. was cotransfected along with BACULOGOLD baculovirus DNA
(Pharmigen, San Diego. CA) into Sf9 cells using the suggested protocol. The
BACULOGOLD DNA contains a lethal deletion which is complemented by
sequences present in the plasmid construct. Four days after transfection, the
supernatant was used to infect Sf9 cells which had been plated in 6-cm dishes
(2 X IO6cells/dish), followed by an overlay with 1% SeaPlaque agarose (FMC

BioProducts. Rockland. ME). Individual viral plaques were isolated and tested
for expression of CEA following expansion. One clone which expressed CEA
epitopes in the double determinant assay, termed BV-140, was isolated for

further study.
The PCR fragment containing the full length CEA gene product was also

inserted into the pBluBac vector (InVitrogen) which had been digested with

Nhel and filled in with Klenow. This was transfected along with circular

baculovirus DNA (InVitrogen) into Sf9 cells and the supernatant used to infect
cells with agarose overlays containing 200 ug/ml of 5-bromo-4-chloro-3-in-
doyl-ÃŸ-n-galactoside (GIBCO BRL), a substrate for ÃŸ-galactosidase, which is

present in the pBluBac vector. After 5-10 days, recombinant blue plaques were

isolated and expanded for further testing. A clone expressing CEA epitopes, as

detected in the double determinant assay, was characterized. This clone, termed
BVCEA-35. was found to express a truncated version of the CEA gene, as
described in "Results."

An additional recombinant containing only the NHj-terminal domain of
CEA was produced by carrying out a PCR using the 5' primer described above
along with a 3' primer (S'-AAACCCGGGCTAGTATACCCGGAACTGGC-
3') containing a sequence complementary to the 3' end of the NH^-terminal

domain of CEA (13). This primer contains a stop codon immediately following
the 3' end of the NH^-domain sequence as well as a Smal restriction enzyme

site. These two primers were used to amplify the NH2 domain from a CEA
cDNA clone, and the resultant product was isolated and cloned into the pBlu
Bac vector and transfected into Sf9 cells along with linearized baculovirus
DNA (InVitrogen) as described. Recombinant blue plaques were isolated as
described, and a clone was isolated (BVCEA-16) which expressed CEA

epitopes in the double determinant assay.
A baculovirus recombinant containing the NCA gene was also isolated. A

cDNA clone encoding NCA (14). kindly provided by Dr. John Shively, was
digested with Neu I and Sma\, and the Nco I site was filled in with the Klenow

fragment of DNA polymerase I. This fragment was then cloned into the Nhel
site of pBluBac, which had also been filled in with Klenow. This construct was
designated BVNCA.

In order to provide a negative control, the pBluBac shuttle vector which did
not contain an insert was also cotransfected with circular AcNPV into Sf9 cells,
and a recombinant was subsequently isolated as described for the BVCEA-35

construct. The recombinant baculovirus containing the vector only was desig
nated BV-V.

Preparation of Baculovirus DNA and Cell Lysates. For DNA extraction.
Sf9 cells (72-96 h postinfection) grown using shaker cultures were pelleted by

centrifugation at 1000 rpm for 5 min. The pellet was resuspended in I ml
extraction buffer (20 ITIMTris. pH 7.8-10 ITIMNaCI-IO RIMEDTA) and then

added to an equal volume of extraction buffer supplemented with 60 ul 20%
SDS. 200 ul ÃŸ-mercaptoethanol, and 50 ul proteinase K (10 mg/ml). The
solution was incubated at 37Â°Cfor 2 h. phenol-chloroform extracted twice,

chloroform extracted once, and ethanol precipitated.
Cells and supernatants were collected 72 h postinfection. Cell pellets ob

tained as described were lysed with 50 mvi Tris (pH 8.0) containing 100 imi
NaCI. \Vc Nonidet P-40. and 500 Kallikrein inactivating units of aprotinin/ml
for 20 min at 4Â°Cwith rotation and centrifuged at 4000 x g for 10 mins.

Protein concentrations were determined using the Bio-Rad protein assay re
agent (Bio-Rad, Richmond. C A).

Western blotting analysis was carried out on supernatants or detergent
extracts essentially as previously described (12). The MAh COL-1 (I ug/ml)
was used as the primary antibody, and the secondary antibody was '"I-labeled

goat-anti-mouse IgG. Proteins separated on SDS polyacrylamide gels were
visualized with Coomassie blue using the Pro-Blue Staining System (Integrat

ed Separation Systems. Natick. MA).
Nucleotide Sequence Analysis. The CEA insert present in the BVCEA-35

clone was isolated by carrying out a PCR with a primer located within the 5'
untranslated region of the polyhedrin promoter (5'-I 1 lACTGl I I ICGTAA-
CAGlTl lG-3') along with a second primer complementary to a sequence

within the polyhedrin gene approximately 400 base pairs downstream of the
cloning site (5'-CAACAACGCACAGAATCTAG-3'). This product was di

gested with fcoRI and subcloned into the EcoRl site of the pGEM3ZF+
vector. Plasmid DNA was sequenced by the dideoxy chain terminal method
(15) using the Sequenase kit (United States Biochemical Corp., Cleveland.

OH).
Southern Blotting. DNA was isolated from the BVCEA-140 clone as

described. The BVCEA-140 DNA. as well as pVLCEA plasmid CEA. was

digested with Smal, and the resulting fragments were separated on a 1%
agarose gel. The DNA fragments were then transferred to a Biotrans nylon
membrane (ICN. Irvine, CA) using a Posiblot apparatus (Stratagene, La Jolla,
CA). Hybridization was carried out with 2 x IO6cpm/ml of a full length CEA
cDNA probe labeled with 12Pby nick translation. Hybridization was carried out

in Quickhyb solution (Stratagene). and blots were washed in 0.5 x standard
saline-citrate ( 1 x standard saline citrate-150 ITIMNaCI-15 imi sodium citrate)
at 55Â°Cbefore autoradiography.

Antigen Purification. Infected cell culture supernatants were utilized for
purification of the BVCEA-16 product. Whole cell extracts, prepared in 1%
l-[(3-cholamidopropyl)dimethylamino]-l-propanesulfonate-0.15 MNaCI. were
utilized for purification of the BVCEA-140 product. Samples were dialyzed

against 50 ITIMsodium acetate. pH 3.5. and the resulting precipitate was
centrifuged for 30 min at 4000 x g. The resulting supernatant was then
dialyzed against 10 ITIMTris. (pH 7.0). Recombinant proteins were then puri
fied on a Gilson system 45 high performance liquid chromatography unit using
a SAX Zorbax strong aniÃ³nexchange column. A linear gradient from 10 mM
Tris (pH 7.0) to 1 M NaCI in IO m.wTris (pH 7.0) was used to elute proteins
from the column.

Enzymatic Deglycosylation of Proteins. Deglycosylation of purified pro
teins was carried out using PNGase-F and Endoglycosidase-H (New England
Biolabs. Beverly. MA) according to the manufacturer's suggested protocol,

using 2000 units of enzyme to digest 5 ug of protein.

RESULTS

Analysis of Native CEA. At this time there is no commercially
available source of recombinant CEA. Thus, purified CEA obtained
from several different sources were evaluated to determine if NCA
was present in this material. The CEA samples originated from a
human liver adenoma, a human adenocarcinoma cell line, and human
liver mÃ©tastasesof colon carcinoma. The reactivity of these products
with a CEA-specific MAb (COL-1), a NCA-speciftc MAb (B6.2), and
a negative control antibody (MOPC-21) was determined in a solid
phase enzyme-linked immunosorbent assays. MAb COL-1 reacted
strongly with the three preparations of CEA (Fig. 1 A-C). However,

two of the three preparations contained substantial amounts of NCA,
as shown by binding with MAb B6.2 (Fig. 1, A and fl). Of 7 lots of
CEA tested from three different sources, 3 showed positive reactivity
for NCA. These findings demonstrate that NCA may indeed occur as
a common contaminant of "purified" CEA preparations purchased

commercially.
Generation of CEA Baculovirus Recombinant. Following the

transfection of insect cells with a plasmid containing the entire coding
region of CEA, eight recombinants were isolated for further charac
terization. Western blot analysis carried out with the anti-CEA MAb
COL-1 demonstrated immunoreactive products in six of seven clones
which ranged from M, 50,000 to M, 140,000 (Fig. 2, Lanes A-G). The
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Fig. I. Analysis of native CEA preparations by enzyme-linked immunosorbent assay.

The presence of CEA and/or NCA was determined by solid phase immunoassay. A. CEA
derived from a human liver adenoma. B. CEA derived from a human adenocarcinoma
tissue culture cell line. C CEA derived from liver mÃ©tastasesof colon tumors. O.
reactivity to the MAb COL-I; â€¢¿�.reactivity to the MAb B6.2; D. reactivity to the MAb
MOPC-21.

200-

Fig. 2. Western blol analysis of BVCEA gene products from full length CEA cDNA.
A Western blot was performed on protein extracts of seven BVCEA cell clones (Lanes
A-C) and one BV-V clone, containing only the baculovirus shuttle vector with no CEA

insert (Lane H) as well as the native CEA gene product (Lane I}. The MAh used was
COL-1.

non-immunoreactive clone (Fig. 2, Lane C) demonstrated the pres

ence of the CEA gene via Southern blot (data not shown). As expected,
the BV-V recombinant containing only the shuttle vector with no CEA

insert was not immunoreactive (Fig. 2, Lane H). None of the clones
isolated expressed a M, 180,000 product, as observed with the native
CEA (Fig. 2, Lane /); however, recombinant glycoproteins expressed
in insect cells generally have been found to be smaller than their
mammalian counterparts. This appears to be the result of the addition
of smaller oligosaccharide chains in insect cells (16-18). In each of

two of the clones, however, high molecular weight immunoreactive
products of Mr 140,000 and M, \ 10,000 were observed (Fig. 2, Lanes
A and B). One of these clones, termed BVCEA-140, was chosen for
further analysis. This BVCEA-140 gene product appeared to be mem
brane associated, since cell-free supernatants of infected cells, as well

as cell extracts made in the absence of detergent, contained only low
levels of immunoreactive material (data not shown).

In order to further characterize the product of the BVCEA-140

clone, the recombinant protein was purified from infected cell extracts
using ion exchange chromatography, as described in "Materials and
Methods." Coomassie blue staining of the purified BVCEA-140 pro

tein following SDS gel electrophoresis demonstrated the presence of
two predominant, broad bands centered at approximately MT 140,000
and M, 110,000 (Fig. 3, Lane A), which corresponded in size to the
predominant products seen in a Western blot carried out with the
anti-CEA MAb COL-1 (Fig. 4, Lane A). The size of the polypeptide
backbone of the BVCEA-140 gene product was then examined by

carrying out enzymatic deglycosylation of purified recombinant pro
tein. Deglycosylation of the BVCEA-140 gene product with PN-
Gase-F resulted in the generation of a number of protein products,

ranging in size from M, 50,000 to MT 120,000 (Fig. 3, Lane B). The
predominant products all reacted with the COL-1 in the Western blot

assay (Fig. 4, Lane B). Predominant bands of M, 70,000 and M,
95,000 are present, as well as bands at M, 50,000, M, 80,000 and M,
110,000. Instability of the baculovirus clone was not responsible for
the wide range in molecular weights found, since a similar pattern of
bands was seen when purified recombinant glycoprotein prepared
from several serial passages of this clone were deglycosylated (data
not shown). Digestion with endoglycosidase-H generated a similar

pattern of bands (Figs. 3 and 4, Lane C), indicating that the recom
binant BVCEA-140 glycoprotein contains predominantly high man-

nose oligosaccharides.
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Fig. 3. Coomassie blue staining of purified protein extract from BVCEA-140 (Lanes
A-C) and native CEA (Lanes D-F). Lanes A and Â£>,glycosylated forms; Lanes B and Â£.
extracts deglycosylated with PNGase-F; Lanes C and E, extracts deglycosylated with
Endoglycosidase-H. Lane G, analysis of PNGase-F alone. Lane H. analysis of Endogly-
cosida.se-H alone.
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Fig. 4. Western blot analysis of BVCEA-140 (Lanes A-C) and native CEA (Lanes
D-F) gene products using anti-CEA M Ab COL-1. Lanes A and D, glycosylated forms;
Lanes B and E, samples deglycosylated with PNGase-F; Lanes C and F, samples degly
cosylated with Endoglycosidase-H. Lanes G and H Western blot analysis of enzymes
PNGase-F and Endoglycosidase-H; these enzymes also appear as low molecular weight
bands in other lanes.

In addition, purified CEA derived from a human tumor was enzy-

matically deglycosylated. A major band of M, 180,000 was seen when
a Western blot was carried out with the fully glycosylated, tumor-

derived CEA (Fig. 4, Lane D). However, the observation of this
moiety using Coomassie blue staining is not possible since it does not
stain (Fig. 3, Lane D), yet major bands of M, 50,000 and M, 80,000
were evident following deglycosylation of this product with PNG
ase-F and Coomassie blue staining (Fig. 3, Lane E). COL-I was

found to react with both bands (Fig. 4, Lane E). Similar results have

been observed following chemical deglycosylation of CEA (11). The
molecular weight of CEA derived from a tumor extract did not appear
to be significantly altered by endoglycosidase-H treatment (Fig. 4,

Lane F), indicating that few high mannose oligosaccharides are
present on CEA. Again, visualization was not possible using Coo
massie blue staining (Fig. 3, Lane F).

One possible explanation for the multiple products seen in the
BVCEA-140 clone is that recombination had taken place within the

baculovirus DNA. Southern blot analysis was then carried out on
DNA isolated from insect cells infected with this clone. Digestion was
carried out with the Sma\ restriction endonuclease, which should
release the complete CEA cDNA insert on a 2.4-kilobase fragment

(Fig. 5). Smal digestion of the plasmid DNA utilized to generate the
baculovirus recombinant resulted in the generation of a 2.4-kilobase

fragment which hybridized with a CEA cDNA probe (Fig. 5, Lane A ).
This band migrated slightly less (2.6-2.7 kilobases), most likely as a
result of overloading. A 2.4-kilobase band was seen following diges
tion of BVCEA-140 DNA with Smal (Fig. 5, Lane fi); however,

several additional bands both smaller and larger than this band hy
bridized to this probe. These bands appeared to be spaced approxi
mately 600 base pairs apart, which is similar to the size of the repeated
domains of CEA (534 base pairs). Thus, homologous recombination
between the repeated domains of CEA may have generated these
products, as suggested previously for a mouse tumor cell line trans
duced with a CEA-containing retroviral construct (12). Significantly,

a similar pattern of bands was seen when DNA was isolated 2 weeks

ABC

Fig. 5. Southern blot analysis of DNA isolated from recombinant baculovirus clones.
Lane A, the Smrt-digested CEA cDNA 2.4-kilobase fragment. Lane B, the 5ma-digested
DNA from BVCEA-140 from passage 1; Lane C, the Sma-digested DNA from BVCEA-

140 from passage 4. All hybridizations were performed with the pCEAl Pst\ probe.
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apart from passage 1 and 4 of the virus (Fig. 5, Lanes B and C,
respectively), indicating that these products are stable. The polypep-

tide backbone of each of these domains has a predicted molecular
weight of 19,000; thus, some of the products seen in BVCEA-140

could result from the generation of recombinant molecules containing
fewer, as well as additional, copies of the repeated domain.

The expression of CEA epitopes on the BVCEA-140 product was
then examined by testing its reactivity with a panel of anti-CEA MAbs
which recognize at least three distinct epitopes, as shown by cross-
competition studies (11) (Table 1). All eight of the anti-CEA MAbs
tested reacted with the BVCEA-140 product, whereas the anti-NCA

MAb B6.2 failed to react with this product.
Baculovirus Recombinants Containing Truncated CEA Gene

Products. To determine the location of immunodominant epitopes
present on CEA, products containing only a portion of the CEA gene
were isolated. One of the clones isolated following transfection of the
full length CEA gene, termed BVCEA-35, expressed a M, 35,000

product (Fig. 6). When this product was analyzed for expression of
epitopes present on CEA, 6 out of 7 of COL MAbs tested were found
to react (Fig. 6, Lanes B-G). These MAbs react with at least three
distinct epitopes present on the CEA molecule (19). A NCA-specific
MAb failed to react with the BVCEA-35 gene product (Fig. 6, Lane

H). This novel product was observed beginning 24 h postinfection,
and therefore it was not the result of posttranslational modification of
a larger precursor. Also, this was a stable rearrangement since the
BVCEA-35 protein product and DNA Southern blotting pattern did

not change after numerous passages of the clone (data not shown).
To define the DNA rearrangements which may have occurred in this

clone, PCR was carried out on BVCEA-35 DNA using primers which

flank the cloning site used to insert CEA, and the resulting fragment
was cloned and sequenced. The NH2-terminal domain was unaltered,

as were the first 87 bases of domain I of the CEA gene, yet, over the
next 105 nucleotides, the sequence showed complete homology to the
corresponding region of CEA repeat domain III. A portion of this
homologous region is shown in Fig. la. This indicated that a recom-

binational event had occurred between CEA domains I and III, with
domain II entirely eliminated. Downstream from this recombination
locus were 78 base pairs demonstrating no sequence homology to
CEA or the published sequence of AcMPV (Fig. la). This area may be
derived from the large region of the AcMPV genome yet to be se
quenced. The point further downstream at which the BVCEA-35 DNA
demonstrated complete sequence homology with the wild-type Ac
MPV, starting with BVCEA-35 residue 271, represents the vector

insertion site (Fig. Ib). These recombination events resulted in trun
cation of domain III, as well as the addition of three amino acids not
normally present in CEA to the COOH-terminus of this product fol

lowed by a stop codon. To obtain results shown in Fig. 7, one clone

Table I Keai'ti\'it\ of anti-CEA and anti-NCA MAbs with recombinant baculovirus
CEA-140 and BV-NCA

ABCDEFGHI

MAb"COL-1COL-4COL-6COL-8COL-9COL-12COL-

14Bl.lB6.2MOPC-21BVCEA-140"0.800.771.401.070.360.591.050.610.010.00CEA'1.532.001.972.340.922.101.811.520.130.04BV-NCA''0.03(I.(X)0.000.040.000.020.020.051.470.00BV-V0.010.010.010.020.000.020.040.040.000.00

" All purified MAbs used at 1 (Jg/ml, except COL-8 and COL-14, which were used

undiluted from tissue culture supernatant.
h Nonidet P-40 protein extract. I pg/ml. Averages of two replicates. All readings at 490

nm.
' From VITRO Corp.; 2.5 ug/ml.
d Purified by high performance liquid chromatography; 2 jig/ml.
f Nonidet P-40 protein extract, 2 |ag/ml.

200-_^

97-

68-

43-
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Fig. 6. Western blot analysis of the BVCEA-35 gene product. A Western blot was
performed on protein extract of this truncated CEA recombinant and was immunoreactive
with the anti-CEA MAbs COL-1 (Lane B}. COL-4 (Lane C), COL-5 (Lane DÃ¬.COL-6
(Lane Â£},and COL-12 (Lane F). Lane G. immunoreactivity with the MAb Bl.l. The lack
of immunoreactivity to the anti-NCA MAb B6.2 (Lane H) and to the isotypically identical
negative control MAb UPC-10 (Lane I) is also demonstrated. Lane A. immunoreactivity
of the native CEA gene product with COL-1 (arrow}.

was sequenced 3 times and a second clone was sequenced once, all
with identical results.

A variant containing only the NH2-terminal domain of CEA was
also produced. This clone, termed BVCEA-16, expressed predomi

nant products M, 16,000, MT 14,000, and M, 12,000 (Fig. 8, Lane B).
Deglycosylation with PNGase-F produced a M, 12,000 band (Fig. 8,

Lane C), which is the predicted size of a product containing the NH2
terminal domain alone, indicating that the 34 amino acid leader pep-

tide of CEA was properly processed in the insect cells. The nature of
the Mr 38,000 band is unknown at this time. This band corresponds to
the enzyme PNGAK-F, which has the approximate MT of 34,000-
35,000.Variation in the usage of the three potential sites for NH2-

linked glycosylation may be responsible for the three predominant
products found in this clone.

The epitopes expressed on the BVCEA-16 product was then exam
ined (Table 2). The reactivity of this product to the anti-CEA and
anti-NCA MAbs was very similar to that observed with BVCEA-140.
The BVCEA-16 product failed to react with one of the MAbs, COL-

14, indicating that this epitope is present within the repeated domain
region of CEA.

Characterization of Baculovirus NCA Recombinant. A cDNA
clone containing the NCA gene was then used to obtain a baculoviral
construct. A baculovirus clone, termed BVNCA, was then isolated
which contained the NCA cDNA sequence, as determined by Southern
blot analysis (data not shown).

The binding of MAbs to the BVNCA product was then examined.
The MAb B6.2 reacted with BVNCA, but failed to react with BV
CEA-140 (Table 1). This confirms previous results indicating that

MAb B6.2 recognizes NCA but not CEA (20). The MAb Bl.l has
been shown to react with both CEA and NCA; however, it failed to
react with the BVNCA product. Altered glycosylation may affect the
expression of this epitope; alternatively, Bl.l could react with the
product of a gene which appears to encode a second form of NCA (7).

Western blotting of detergent extracts prepared from BVNCA cells
carried out with the MAb B6.2 demonstrated an immunoreactive
product of approximately Mr 70,000 (Fig. 9, Lane A). Deglycosylation
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a.

rbv35 169 ACCCTCACTCTATTCAATGTCAAAGGTTGTXGAGAGGAGTATATAATTAT 219
CEA III C-A-AAA-GAC-CAAGAGCCTATGTATG

b.

rbv35 246 ATCATTTTATTTTCAATTTTTTCTTTCTCCTTGAAGTTTCCCTGGTGTCA 296
AcMPV CCG-C-C-GC-GAAG-GGAGGAAA

Fig. 7. Sequence of the BVCEA-35 gene product. The gene was cloned from the full length CEA cDNA as described in "Materials and Methtxls," and partial sequencing was carried
out on the subclone. See "Results" for a comprehensive description of this variant, a, sequence homulogy between BV-CEA35 and the truncated CEA domain III. Fifty base pairs from

the incomplete third CEA repeat domain present in BVCEA-35 is diagrammed, starting 169 base pairs from the truncated first residue of CEA domain I. The nucleotides shown begin
82 base pairs downstream from the point at which BVCEA-35 shows complete homology with the third repeat domain of CEA. Underlined codon, the stop signal of the recombinant
protein. Dashes, sequence homology. h, 3' insertion site of BV-CEA35 into AcNPV. This sequence begins 27 base pairs downstream from the BVCEA-35 region shown in a. Residues
270/271 represent the 3' insertion site of the recombinant vector. The sequence is compared to that published for the polyhedron gene of AcNPV (Invitrogen Corp.); dashes, sequence

homology.

ABC

200
97116

66
55

36

31

21

14

Fig. 8. Coomassie blue staining of the BVCEA-16 gene product. Staining was carried
out on the protein extract of the construct containing only the NHi-terminus of native
CEA. Ijune A. midrange size standards. The predominant products expressed are in their
glycosylated (Lane B) and PNGase-F deglycosylated (Lane C) forms.

of BVNCA with PNGase-F generated a M, 35,000 product (Fig. 9,

Lane B), which is similar to the predicted size of the polypeptide
backbone of NCA (A/r 31,000).

DISCUSSION

Recent investigations have demonstrated the usefulness of the bac
ulovirus expression system for producing large quantities of recom-

Table 2 Reactivity' of anti-CKA and anti-NCA MAhs with recombinant huculovints
CEA-16

MAb"COL-

1COL-4COL-6COL-8COL-9COL-

12COL-
14Bl.lB6.2MOPC-21BVCEA-

16*1.201.411.292.100.581.780.091.570.020.00Phosphatebufferedsaline0.000.050.000.000.010.010.010.010.000.00

" All purified MAbs used at 1 ug/ml, except COL-8 and COL-14 which were used

undiluted from tissue culture supernatant.
''Purified by high performance liquid chromatography; 1 ug/ml. Averages of two

replicates. All readings at 490 nm.

binant protein functionally similar to the native molecule (21, 22).
This includes moieties potentially useful in cancer therapies, including
growth factors, growth factor receptors, cytokines (23), and, quite
recently, the transmembrane carcinoma-associated antigen GA733-2

(24).
This investigation was undertaken to generate a recombinant source

of human CEA. As we have demonstrated, commercially available
sources of CEA are often contaminated with NCA.

Our studies are the first to demonstrate production of a CEA bac-

ulovirus recombinant. A baculovirus recombinant generated using the
full length CEA gene was found to express a number of immunore-

active products. Southern blot analysis demonstrated stable expression
of multiple products in this recombinant which differed in size by
about 600 base pairs, which is similar in size to the three repeated
domains of CEA (534 base pairs). This indicates that recombination is
most probably taking place between these domains in cells infected
with the CEA baculovirus recombinant. This is most likely due to the
highly repetitive character of the CEA gene itself. The presence of the
very similar repeated domains may also have been responsible for the
rearrangement previously observed in mouse adenocarcinoma cells
transduced with a retroviral CEA construct (12) and CEA-vaccinia

constructs (5).
The Southern blotting result of the BVCEA-140 reveals the pres

ence of the doublets seen at M, 50,000, M, 70,000, and M, 80.000. One
possible explanation for this result is that processing of the CEA
polypeptide backbone is inefficient in insect cells. The leader peptide
of CEA appears to be normally processed in baculovirus cells, since
the molecular weight of the BVCEA-16 polypeptide backbone corre

sponds to that which would be predicted for the NH2 domain alone.
The COOH-terminal hydrophobic domain of CEA, however, may not
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AB

Fig. 9. Western blot analysis of the BVNCA gene product. A Western blot was per
formed on protein extract of this recombinanl NCA. showing immunoreactivity with the
anti-NCA MAb B6.2 (Lane A). Lane B. the BVNCA gene product deglycosylated with
PNGase-F.

be removed or only partially processed at this site in the BVCEA-140
clone. In mammalian cells, this domain is removed and a glyco-
sylphosphatidylinositol group is coupled to the resulting COOH-ter-
minus of CEA; however, the COOH-terminal hydrophobic region of
the human CD58 gene, which is also normally linked to a glyco-

sylphosphatidylinositol group, was not cleaved when expressed in
insect cells (25). Alternative processing of CEA, as well as partial
proteolysis, may be also responsible for these results.

We have also produced subgenomic forms of recombinant protein
containing either less than one complete repeat domain or with only
the NH2-terminus. Using these recombinants, we demonstrated that at

least three distinct epitopes detected by reactivity with MAbs were
present within the NH, terminal domain of the CEA gene. Recombi
nant constructs containing portions of the CEA molecule will also
allow characterization of immunodominant T-cell epitopes present on

the CEA molecule. The recombinant CEAs generated here may have
potential use in active immunization protocols of carcinoma patients.
Clinical trials on healthy volunteers with baculovirus gploO of HIV
have shown that the BV-gpl60 can act efficiently as a boost for both
T-cell and B cell responses in patients previously administered a

recombinant HIV vaccinia virus. When the HIV gploO was adminis
tered alone it did not elicit immune responses (26, 27).

One potential target for active immunotherapy protocols in carci
noma patients is CEA. A recent study (4) has shown that a recombi
nant vaccinia virus can elicit antitumor effects using a mouse model
system in which the human CEA gene was inserted into a syngeneic
murine colon carcinoma. The CEA recombinant vaccinia virus was

also shown to elicit both T-cell and humoral responses specific for

CEA in rhesus monkeys (5). One potential use of the recombinant
baculovirus CEA products described here is as a boost in hosts pre
viously administered recombinant CEA-vaccinia constructs as the

primary immunogen. The three recombinant CEA constructs each
contain different amounts of the CEA genome. While the three bac
ulovirus products have all been shown to be glycosylated, the exact
nature of the glycosylations is not known. Both these parameters
(genome contents and glycosylation) will be of interest in analyzing
immune responses of various hosts. Indeed, it will be of interest to
analyze the hosts immune response to native CEA versus the partially
glycosylated CEAs made in baculoviruses in order to determine if
differences exist.

Finally, a reproducible source of recombinant CEA and NCA may
be of use as standards in serological assays for CEA and in the further
study of the CEA molecule and its possible role in disease progres
sion.
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