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Human keratin 18 (K18) and keratin 8 (K8) and their mouse homologs, Endo B and Endo A, respectively,
are expressed in adult mice primarily in a variety of simple epithelial cell types in which they are normally
found in equal amounts within the intermediate filament cytoskeleton. Expression of K18 alone in mouse L ceUs
or NIH 3T3 fibroblasts from either the gene or a cDNA expression vector results in K18 protein which is
degraded relatively rapidly without the formation of filaments. A K8 cDNA containing all coding sequences was
isolated and expressed in mouse fibroblasts either singly or in combination with K18. Immunoprecipitation of
stably transfected L cells revealed that when K8 was expressed alone, it was degraded in a fashion similar to
that seen previously for K18. However, expression of K8 in fibroblasts that also expressed K18 resulted in
stabilization of both K18 and K8. Immunofluorescent staining revealed typical keratin filament organization in
such cells. Thus, expression of a type I and a type II keratin was found to be both necessary and sufficient for
formation of keratin filaments within fibroblasts. To determine whether a similar proteolytic system
responsible for the degradation of K18 in fibroblasts also exists in simple epithelial cells which normally express
a type I and a type II keratin, a mutant, truncated K18 protein missing the carboxy-terminal tail domain and
a conserved region of the central, ot-helical rod domain was expressed in mouse parietal endodermal cells. This
resulted in destabilization of endogenous Endo A and Endo B and inhibition of the formation of typical keratin
filament structures. Therefore, cells that normally express keratins contain a proteolytic system similar to that
found in experimentally manipulated fibroblasts which degrades keratin proteins not found in their normal
polymerized state.

Intermediate filaments (IF) likely result from the polymer-
ization of tetrameric subunits of individual IF proteins,
resulting in relatively insoluble filaments of approximately 10
nm in diameter (21, 55). IF proteins are divided into five
types: type I, acidic keratins; type II, neutral-basic keratins;
type III, vimentin, desmin, and glial fibrillary acidic protein;
type IV, neurofilament (NF) proteins; and type V, lamins
(55). Endo B and Endo A, the homologous murine forms of
keratin 18 (K18) and keratin 8 (K8), respectively, are type I
and type II proteins first detectable at the four- to eight-cell
stage, before overt differentiation to trophectoderm (6, 9,
42). The genes encoding Endo A and Endo B (7, 29, 44, 51,
56) and K18 and K8 (31, 32, 43) represent some of the
earliest differentially expressed genes yet isolated from
mammalian embryos. In adults, expression of these keratin
proteins is restricted primarily to a variety of simple epithe-
lial tissues (37), although expression in other cell types does
occur (5). The tissue-specific expression of K18 and K8
could be considered intermediate between that of constitu-
tively expressed genes and specialized differentiated func-
tions such as 3-globin, a-fetoprotein, or even the epidermal
keratins which are expressed in only a few specialized cell
types.

In vivo, type III chains (vimentin, desmin, or glial fibril-
lary acidic protein) usually form homopolymer filaments but
are also known to form heteropolymers with the other type
III chains (8, 46, 47, 52). The mammalian type IV chains,
NF-M and NF-H, generally form heteropolymers with NF-L
in vitro, whereas NF-L forms homopolymer IF structures
(20, 33, 38). Keratin filaments, however, are obligate hetero-
polymer IFs, formed in vivo from particular type I and type
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II subunits which are usually coexpressed as preferential
pairs (53, 54, 55a). In vitro, isolated type I and II keratins
pair promiscuously, resulting in normal-appearing IFs (26).
An intriguing aspect of IF biology is that this apparently
coordinate expression of the particular pairs of keratins
usually results in equal amounts of type I and type II keratins
within cells. This phenomenon is particularly evident for K8
and K18 when they are the only keratins expressed (16, 18,
42, 45).

Despite a wealth of information on the structure of IF
proteins, their functions remain largely unclear. The demon-
stration that the transient expression of a truncated keratin
subunit can interfere with the normal polymerization state of
keratin filaments within cells (1) suggested that the general
strategy of expressing mutant polypeptides to impair the
normal function of a protein by competition (27) might be
successful in determining the functions of K18 and K8.
We showed previously that after transfection, the K18

gene can be efficiently expressed in murine fibroblasts that
do not express the endogenous gene. However, in the
absence of a complementary type II keratin partner, the K18
protein is degraded and keratin IFs are not formed (31). In
the study reported here, we isolated and expressed a cDNA
clone for K8 in mouse fibroblasts that had previously re-
ceived the K18 gene. This resulted in the formation of stable
keratin filaments. Thus, the presence of a type I and a type
II keratin appears both necessary and sufficient for keratin
filament formation in fibroblasts. Furthermore, we show that
overexpression of a truncated K18 protein interferes with
normal keratin filament organization in parietal endodermal
cells, resulting in accelerated degradation of the keratin
proteins.
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MATERIALS AND METHODS

Isolation and characterization of human K8 cDNA. Human
K8 cDNA was isolated by screening a lambda gtll cDNA
library prepared from placental RNA (35) with an Endo A
probe, the a2 pseudogene (56). The cDNA insert was
removed by digestion with EcoRI and subcloned into
pGEM-1 in both orientations to yield plasmids pK811 and
pK812. Transcription of the BamHI-digested pK811 plasmid
by T7 RNA polymerase and subsequent translation of the
RNA in vitro resulted in immunoprecipitable K8 that was
indistinguishable fro K8 recovered from HeLa or BeWo
human cells (data not sh These results and Northern
(RNA) hybridization experiments with radioactive RNA
probes derived from pK811 and pK812 indicated that the
human K8 cDNA was cloned in the sense orientation rela-
tive to the T7 polymerase promoter in pK811 and that the
cDNA copy appeared to be full length with respect to its
protein-coding capacity. The 5' end of the human K8 cDNA
was sequenced by the method of Sanger et al. (49), modified
to use 7-deaza-2-dGTP (3, 36) and deoxyadenosine 5'-[Ia-
35S]thiotriphosphate (4), using either sequencing-grade Kle-
now enzyme (Boehringer Mannheim Biochemicals, India-
napolis, Ind.) or modified T7 DNA polymerase (Sequenase;
U.S. Biochemical Corp., Cleveland, Ohio). The double-
stranded sequencing was done with both the SP6 and T7
pGEM-1 sequencing primers and six suitable internal 17-mer
oligonucleotide primers. The final sequence was assembled
from data of 22 different sequencing reactions on both
strands, using the GEL program of the BIONET computer
system (IntelliGenetics, Mountain View, Calif.).

Construction of expression vectors. Human K8 and K18
(43) cDNAs were subcloned into the BamHI and HindIlI
sites, respectively, of the pHPAPr-1-gpt human actin pro-
moter expression vector (designated LK442 in this report)
(25) by adding appropriate linkers to the EcoRI ends of the
cDNA fragments (Fig. 1). These constructions, designated
LK442-K8 and LK442-K18, respectively, contained an ad-
ditional selectable transcriptional unit derived from pSV2gpt
(39). The cDNA sequences were expected to be transcribed
as fusion mRNAs containing the 5' untranslated first exon
and the first intron of the human ,-actin gene and used the
simian virus 40 (SV40) 3' termination and polyadenylation
signals (Fig. 1). A deletion mutant of the 3' region of the K18
cDNA was constructed by digestion of LK442-K18 with
BamHI and religation. This construction consisted of the
LK442 vector and the first 1,070 base pairs of the K18
cDNA, resulting in removal of the last 275 base pairs of the
K18 cDNA coding region, the 68-nucleotide (nt) 3' noncod-
ing region, and the 16-nt poly(A) tail. This construction,
LK442-K18-1070 (Fig. 1), coded for the first 340 amino acids
of the K18 protein. The mutant protein is referred to as
K18-340. The EcoRI fragments of both K8 and K18 (43)
cDNAs were also cloned into the EcoRI site of the pECE
expression vector (14), resulting in vectors pECE-K8 and
pECE-K18 (Fig. 1). The cDNA sequences were transcribed
by the SV40 early promoter and used the SV40 polyadenyl-
ation signals. The pECE-K18M vector was generated by
excising the K18 cDNA from pECE-K18 by digestion with
KpnI and insertion of the fragment into KpnI-digested
pECE. This resulted in removal of the K18 polyadenylation
signal and the poly(A) tail without loss of any coding
sequences.

Cells and media. L cells deficient in thymidine kinase
(Ltk-), HR9 mouse parietal endodermal cells (10), and NIH
3T3 cells were maintained as previously described (40, 41).

DNA transfections and selections. Ltk- cells that express
the transfected K18 gene have been described previously
(31). The transfected L-cell clone previously characterized
and termed L3 is designated LK18 in this report. LK18 cells
were transfected with the LK442-K8 construction and se-
lected for expression of the bacterial guanine phosphoribo-
syltransferase gene by growth in medium containing 1.6 mM
xanthine, 30 jig of mycophenolic acid per ml (39), and 400 jig
of G418 per ml. Three clones examined all expressed K8;
two of these, expressing the highest levels of K8, were
examined in detail. Data for one representative clone, des-
ignated LK18+K8, are discussed below. LK8 cells were
isolated by transfection of Ltk- cells with the LK442-K8
vector and selection for guanine phosphoribosyltransferase
expression. The three clones examined all expressed K8; the
highest expresser, designated LK8, was examined in detail.
NIH 3T3 cells were cotransfected with pECE-K8, pECE-

K18, or both plasmids along with plasmid pSV2Neo at a
molar ratio of approximately 10:1 (cDNA expression vector
to pSV2Neo). Three of four clones derived from the trans-
fection with pECE-K8 expressed K8 protein. Of six clones
derived from the transfection of both cDNA expression
vectors and pSV2Neo, one expressed K8 and one expressed
both K8 and K18. Expression of the K18 cDNA in NIH 3T3
cells was achieved by transfection with a modified pECE-
K18 vector that was deleted for both the K18 polyadenyla-
tion signal and the poly(A) tail (pECE-K18M). After cotrans-
fection with pSV2Neo, the highest expresser of nine clones
was examined further.

Immunoprecipitation. Metabolic labeling of cells with
[35S]methionine (150 ,uCi/ml), lysate preparation, immuno-
precipitation, and gel electrophoresis were performed as
previously described (31, 41). Antiserum to Endo A or Endo
B was used to precipitate Endo A and K8 or Endo B and
K18, respectively (40). All immunoprecipitations were per-
formed in antibody excess. For pulse-chase experiments,
equal amounts of radioactive lysate were used for the initial
time points. Equal volumes of lysate were then used for
subsequent incubation in nonradioactive medium. Film ex-
posures were quantitated by densitometry with an LKB
laser densitometer and appropriately exposed films.

Immunofluorescent labeling. Immunofluorescent staining
was performed on methanol-fixed cells as previously de-
scribed (28, 40) except that phosphate-buffered saline (pH
7.4) was used instead of 50 mM borate buffer in each washing
step. Monoclonal antibody TROMAl was used for immuno-
fluorescent staining of Endo A and K8 (6), and rabbit
antiserum against Endo B (28) was used to detect Endo B,
K18, and K18-340. The K8.13 broad-specificity keratin
monoclonal antibody (22) was purchased from Sigma Chem-
ical Co. (St. Louis, Mo.).

RESULTS

Isolation of human K8 cDNA. To determine whether IFs
could be formed in fibroblasts if both K8 and K18 proteins
were present simultaneously, a cDNA clone containing the
complete coding sequence for the K8 protein was isolated
and subsequently expressed. Previously characterized iso-
lates of human K8 lacked sequences coding for the N
terminus of the protein (32). Comparison of DNA sequences
of portions of the newly isolated K8 cDNA with the partial
sequence previously reported confirmed the identity of the
isolate. In vitro translation of RNA transcribed from the
isolate followed by immunoprecipitation and sodium dode-
cyl sulfate-gel analysis and comparison of the in vitro
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FIG. 1. K8 and K18 expression vectors. Schematic representations of the structures of the vectors indicated on the left are shown. Plasmid
sequences are represented by single lines. Direction of transcription of all genes is from left to right. Abbreviations: B1, BamHI; H3, HindIII;
K, KpnI; RI, EcoRI, IN-1, human f-actin first intron; SV, SV40 early promoter; gpt, bacterial guanine phosphoribosyltransferase gene; t-IN,
SV40 small t-antigen intron; pA, SV40 fragment containing termination and polyadenylation signals; kb, kilobase. The approximate start of
transcription of the LK442 series of vectors is indicated by the bent arrow. The K8 and K18 cDNAs were inserted into either the unique
BamHI or HindIll site of the pHOAPr-1-gpt vector (25) (here designated LK442) to generate LK442-K8 and LK442-K18. The truncated cDNA
expression vector LK442-K18-1070 was generated from LK442-K18 by digestion with BamHI. All of the inserts are driven by the human
J-actin promoter. The 5' noncoding first exon and the first intron of the actin gene are included but contribute no coding sequences. The
inserted cDNA fragments are followed by a fragment of SV40 containing polyadenylation signals. The second transcription unit of these
vectors is derived from pSV2gpt and is expected to contain the SV40 early promoter and the bacterial guanine phosphoribosyltransferase
gene, followed by the SV40 t-antigen intron and SV40-derived polyadenylation signals. The expanded portion of LK442-K18-1070 shows the
nucleotide and amino acid sequences of the 3' junction as well as the two additional SV40-derived codons added before two translational
termination signals. A putative polyadenylation signal, AATAAA, is located 108 nt downstream of the translational termination codon. The
K18 and K8 cDNAs were also inserted into the pECE expression vector (14) at the unique EcoRI site. pECE-K18M was constructed by
removing the K18 cDNA fragment from pECE-K18 by digestion with KpnI and insertion into pECE. The KpnI site in the K18 cDNA cuts
within the 3' noncoding region, thus removing the K18 polyadenylation signal and poly(A) tail.

transcription product with cellular K8 mRNAs by Northern
blot analysis indicated that the K8 cDNA was near full
length (data not shown). However, comparison of the K8
sequence with that of its mouse homolog indicated that the
K8 cDNA may have lacked some of the 5' noncoding leader,
because the Endo A cDNA contained a 170-nt leader
whereas that of the K8 cDNA had only 35 nt preceding the
ATG initiation codon.
The complete sequence of the K8 cDNA, including the

previously unreported 5' coding sequence, is shown in Fig.
2A. The two underlined portions specify the internal and the
3'-region sequences that were found to be identical with the
previously published sequence for K8 (32) except for an

additional 6 nt at the extreme 3' end, immediately preceding
the 14-nt poly(A) tail. The full sequence was 1,734 nt long; it
had a single open reading frame beginning with the ATG at nt
36 and ended with the termination codon at nt 1485. The
nucleotide sequence of the human K8 cDNA was 81%

identical with the corresponding region of the mouse Endo A
cDNA sequence (50). The deduced amino acid sequence of
the open reading frame resulted in a protein of 483 amino
acids with a calculated molecular weight of 53,629. At the
amino acid level, the two proteins were 87% identical. The
protein sequence of the previously unreported head region of
K8 is compared with that of Endo A in Fig. 2B. The head
region of K8 was six residues shorter than that of its mouse
counterpart. In contrast, the head region of K18 was nine
residues longer than that of Endo B, its mouse homolog. The
remainder of the protein sequences of K8 and Endo A were

very similar to those described previously (32, 50).
Stabilization of K18 by K8 expression in mouse cells. The

K8 cDNA was inserted into two different mammalian
expression vectors (Fig. 1), one driven by the human P-actin
promoter (LK442-K8) and the second driven by an SV40
promoter (pECE-K8). In addition, the full-length K18 cDNA
(43) was inserted into the pECE vector to provide an

LK442-K8

LK442

pECE-Kl 8
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A
1 GGTTCGGCCC GCCTGCCTCC ACTCCTGCCT CCACCATG

39 TCC ATC AGG GTG ACC CAG AAG TCC TAC AAG GTG TCC ACC TCT GGC CCC CGG GCC TTC AGC AGC CGC TCC TAC ACG AGT GGG CCC GGT TCC
Ser Ile Arg Val Thr GLn Lys Ser Tyr Lys Vat Ser Thr Ser Gly Pro Arg Ala Phe Ser Ser Arg Ser Tyr Thr Ser Gly Pro Gly Ser

129 CGC ATC AGC TCC TCG AGC TTC TCC CGA GTG GGC AGC AGC AAC TTT CGC GGT GGC CTG GGC GGC GGC TAT GGT GGG GCC AGC GGC ATG GGA
Arg Ile Ser Ser Ser Ser Phe Ser Arg Vat GLy Ser Ser Asn Phe Arg Giy Gly Leu Gly Gly Gly Tyr Gly Gly ALa Ser GLy Met Gly

219 GGC ATC ACC GCA GTT ACG GTC MAC CAG AGC CTG CTG AGC CCC CTT GTC CTG GAG GTG GAC CCC MAC ATC CAG GCC GTG CGC ACC CAG GAG
Gly Ile Thr ALa Val Thr Val Asn Gln Ser Leu Leu Ser Pro Leu Val Leu Glu Val Asp Pro Asn Ile Gin Ala Val Arg Thr Gln Glu

301 AAG GAG CAG ATC MAG ACC CTC MAC MC MAG TTT GCC TCC TTC ATA GAC MG GTA CGG TTC CTG GAG CAG CAG MAC MAG ATG CTG GAG ACC
Lys Glu Gin Ile Lys Thr Leu Asn Asn Lys Phe Ala Ser Phe Ile Asp Lys Vat Arg Phe Leu Glu Gln Gln Asn Lys Met Leu Glu Thr

399 MG TGG AGC CTC CTG CAG CAG CAG MAG ACG GCT CGA AGC AAC ATG GAC MAC ATG TTC GAG AGC TAC ATC MC MC CTT AGG CGG CAG CTG
Lys Trp Ser Leu Leu Gin Gln Gin Lys Thr Ala Arg Ser Asn Met Asp Asn Met Phe Glu Ser Tyr Ile Asn Asn Leu Arg Arg Gln Leu

489 GAG ACT CTG GGC CAG GAG MAG CTG AAG CTG GAG GCG GAG CTT GGC MAC ATG CAG GGG CTG GTG GAG GAC TTC AAG MC MAG TAT GAG GAT
Giu Thr Leu Gly Gin Glu Lys Leu Lys Leu Glu Ala Glu Leu Giy Asn Met Gin Gly Leu Vat Glu Asp Phe Lys Asn Lys Tyr Glu Asp

579 GAG ATC MT MG CGT ACA GAG ATG GAG AAC GM TTT GTC CTC ATC MAG AAG GAT GTG GAT GM GCT TAC ATG AAC AAG GTA GAG CTG GAG
Gtu Ile Asn Lys Arg Thr Glu Met Glu Asn Gtu Phe Val Leu Ile Lys Lys Asp Val Asp Giu Ala Tyr Met Asn Lys Vat Glu Leu Giu

669 TCT CGC CTG GAA GGG CTG ACC GAC GAG ATC AAC TTC CTC AGG CAG CTG TAT GAA GAG GAG ATC CGG GAG CTG CAG TCC CAG ATC TCG GAC
Ser Arg Leu Giu Gly Leu Thr Asp Glu Ile Asn Phe Leu Arg Gln Leu Tyr Glu Glu Glu Ile Arg Glu Leu Gin Ser Gin Ile Ser Asp

759 ACA TCT GTG GTG CTG TCC ATG GAC MAC AGC CGC TCC CTG GAC ATG GAC AGC ATC ATT GCT GAG GTC AAG GCA CAG TAC GAG GAT ATT GCC
Thr Ser Val Val Leu Ser Met Asp Asn Ser Arg Ser Leu Asp Met Asp Ser Ile Ile Ala Glu Vat Lys Ala Gin Tyr Glu Asp Ile Ala

849 AAC CGC AGC CGG GCT GAG GCT GAG AGC ATG TAC CAG ATC AAG TAT GAG GAG CTG CAG AGC CTG GCT GGG AAG CAC GGG GAT GAC CTG CGG
Asn Arg Ser Arg Ala Gtu Ala Glu Ser Met Tyr Gin Ile Lys Tyr Glu Glu Leu Gln Ser Leu Ala Gly Lys His Gly Asp Asp Leu Arg

939 CGC ACA MAG ACT GAG ATC TCA GAG ATG AAC CGG MAC ATC AGC CGG CTC CAG GCT GAG ATT GAG GGC CTC AM GGC CAG AGG GCT TCC CTG
Arg Thr Lys Thr Glu Ile Ser Glu Met Asn Arg Asn lle Ser Arg Leu Gin Ala Glu lle Glu Gly Leu Lys Gly Gin Arg Aia Ser Leu

1029 GAG GCC GCC ATT GCA GAT GCC GAG CAG CGT GGA GAG CTG GCC ATT MAG GAT GCC AAC GCC AAG TTG TCC GAG CTG GAG GCC GCC CTG CAG
Gtu Aia Ala lie Ala Asp Ala Glu Gin Arg Gly Glu Leu Ala Ile Lys Asp Ala Asn Ala Lys Leu Ser Glu Leu Glu Ala Ala Leu Gin

1119 CGG GCC MG CAG GAC ATG GCG CGG CAG CTG CGT GAG TAC CAG GAG CTG ATG MC GTC MAG CTG GCC CTG GAC ATC GAG ATC GCC ACC TAC
Arg Ala Lys Gin Asp Met Ala Arg Gin Leu Arg Glu Tyr Gln Glu Leu Met Asn Vat Lys Leu Ala Leu Asp Ile Glu Ile Ala Thr Tyr

1209 AGG MAG CTG CTG GAG GGC GAG GAG AGC CGG CTG GAG TCT GGG ATG CAG AAC ATG AGT ATT CAT ACG MAG ACC ACC GGC GGC TAT GCG GGT
Arg Lys Leu Leu Glu Gly Gtu Gtu Ser Arg Leu Glu Ser Gly Met Gin Asn Met Ser Ile His Thr Lys Thr Thr Gly Gly Tyr Ala Gly

1299 GGT TTG AGC TCG GCC TAT GGG GAC CTC ACA GAC CCC GGC CTC AGC TAC AGC CTG GGC TCC AGC TTT GGC TCT GGC GCG GGC TCC AGC TCC
Gly Leu Ser Ser Ala Tyr Gly Asp Leu Thr Asp Pro Gly Leu Ser Tyr Ser Leu Gly Ser Ser Phe Gly Ser Gly Ala Gly Ser Ser Ser

1389 TTC AGC CGC ACC AGC TCC TCC AGG GCC GTG GTT GTG AAG MG ATC GAG ACA CGT GAT GGG AAG CTG GTG TCT GAG TCC TCT GAC GTC CTG
Phe Ser Arg Thr Ser Ser Ser Arg Ala Val Val Val Lys Lys Ile Glu Thr Arg Asp Gly Lys Leu Vai Ser Glu Ser Ser Asp Vat Leu

1479 CCC MG TGA ACAGCTGCGG CAGCCCCTCC CAGCCTACCC CTCCTGCGCT GCCCCAGAGC CTGGGMGGA GGCCGCTATG CAGGGTAGCA CTGGGMACAG GAGACCCACC
Pro Lys ***

1588 TGAGGCTCAG CCCTAGCCCT CAGCCCACCT GGGGAGTTTA CTACCTGGGG ACCCCCCTTG CCCATGCCTC CAGCTACAAA ACAATTCAAT TGCTTTTTTT TTTTGGTCCA

1698 AAATAAAACC TCAGCTAGCT CTGCCAAAAA AAAAAAAAA

B
HEAD

10 20 30 40 50 60 70 80 90
KER 8 MSIRVTQKSYKVSTSGPRAFSSRSYTSGPGSRISSSSFSRVG--SSNFRG--GLGGGYG--GASGMGGITAVTVNQSLLSPLVLEVDPNIQAVRTQ

ENDO A MSIRVTQKSYKMSTSGPRAFSSRSFTSGPGARISSSSFSRVGSSSSSFRGSMGTGVGLGGFGGAGVGGITAVTVNQSLLSPLKLEVDPNIQAVRTQ
10 20 30 40 50 60 70 80 90

FIG. 2. (A) DNA sequence of the human K8 cDNA and the deduced amino acid sequence. Nucleotides 1 to 730 were determined from
clones pK811 and pK812. An overlap of 83 nt within the coding region (underlined bases from 647 to 730) with the previously published
sequence of the 3' end of human K8 cDNA (32) was identified, and the two were merged into one continuous K8 sequence. Underlined
nucleotides within the 3' noncoding region were also determined to be identical with the previously published fragment except for six
additional bases in our clone immediately preceding the poly(A) tail. The predicted amino acid sequence is shown beneath the DNA sequence.
The termination codon (TGA) is indicated (***). The 483 amino acids of the human K8 protein result from a coding region of 1,446 nt along
with 39 nt of 5' and 234 nt of 3' noncoding sequences. (B) Comparison of the head regions of the human K8 and Endo A proteins. Both amino
acid sequences start with the initiation methionine and end with the last amino acid before coil 1A. A perfect amino acid match is represented
by a colon; conservative substitution is indicated by a period.
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FIG. 3. Expression and turnover of human K18 and K8 in stably transfected mouse L cells. HeLa and L cells expressing the LK442-K8

vector (LK8), the K18 gene (LK18), or both (LK18+K8) were incubated in methionine-free medium supplemented with 150 1Ci of
[35S]methionine per ml and 10% fetal bovine serum for 45 min, washed, and then incubated for the indicated times in nonradioactive complete
medium. The lysates were immunoprecipitated with Endo B antiserum, which cross-reacted with the K18 protein (a). Duplicate portions of
the lysates were immunoprecipitated with Endo A antiserum, which also recognized the K8 protein (c). In each case, the volume of lysate
representing the first time point contained 5 x 10' cpm of incorporated radioactivity. The same volume of lysate was then used for each
subsequent time point. Fluorographic exposures of sodium dodecyl sulfate-gels used to resolve the proteins are shown in panels a and c. HeLa
cells that expressed both K18 (a, lanes 1 and 2) and K8 (c, lanes 1 and %) andj HR9 mouse parietal endodermal cells that expressed Endo B
(a, lane 17) and Endo A (c, lane 17) were positive controls. Incubation times in nonradioactive medium for LK8 were 0, 0.5, 1.5, and 4.5 h
for lanes 3 through 6, respectively; incubation times for both LK18 (lanes 7 through 11) and LK18+K8 (lanes 12 through 16) were 0, 1, 2, 4,
and 7 h. Exposure time was 4 days. Positions of Endo B, K18, Endo A, and K8 are indicated on the right. Values of densitometric scans of
the appropriate areas of an exposed film are shown in panels b and d in arbitrary units (A multiplied by distance in millimeters).

alternative method for expression of K18. A stably trans-
fected L-cell line that had previously received the K18 gene
and been shown to express the K18 mRNA and protein (31)
and control L cells were transfected with the LK442-K8
vector. The two clones that expressed K18 and the highest
levels of K8 protein and one control that contained only the
K8 expression vector were examined in detail for protein
expression and stability of the keratin subunits by a pulse-
chase experiment, followed by immunoprecipitation and gel
analysis (Fig. 3).
K8 and K18 are quite stable in cells that normally express

them (13, 31), as confirmed by the results for HeLa cells
(Fig. 3a and 3c, lanes 1 and 2; Fig. 3b and 3d). However, L
cells that expressed the K18 gene (LK18) turned over newly
synthesized K18 protein relatively rapidly (Fig. 3a, lanes 7
through 11; Fig. 3b) (31). K8 expressed alone in L cells was
found to be degraded in a similar fashion (Fig. 3c, lanes 3
through 6; Fig. 3d). Thus, both K18 and K8 were unstable in
L cells when expressed singly. However, expression of K8
in L cells that had previously received and expressed the
K18 gene (LK18+K8) had a dramatic effect on the stability

of both K18 and K8. Most of the K8 expressed in LK18+K8
cells was stable, although a minor fraction was degraded
within the first hour of the chase period (Fig. 3c, lanes 12
through 16; Fig. 3d). In addition, a significant fraction of the
K18 in these cells was similarly resistant to degradation (Fig.
3a, lanes 12 through 16; Fig. 3b). The amount of K18 in these
cells after a 7-h incubation in nonradioactive medium ap-
peared to correlate with the level of K8 expression in both
clones examined in detail (data for only the higher-ex-
pressing clone are shown in Fig. 3). The clone with the
higher level of K8 contained a larger fraction of stable K18
during the chase period. The fraction of K18 degraded within
the first few hours of the chase period presumably repre-
sented the K18 that was in excess of the partner K8. In all
clones expressing either one or both human keratins (LK18,
LK8, and LK18+K8), induction of homologous mouse
forms of the proteins was not detected (Fig. 3a, lanes 3
through 7; Fig. 3c, lanes 8 through 10). If the levels of K18
and K8 found after the longest chase period depend only on
the polymerization of K18 and K8, the final levels of the two
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proteins might be expected to be equal. This appeared to be
the case (Fig. 3a and c, lanes 16).

Stabilization of K18 in L cells by the simultaneous expres-
sion of K8 was confirmed by the presence of a keratin IF
organization detected by immunofluorescence (Fig. 4B, C,
and D). Specific keratin staining was undetectable in L cells
and in L cells that expressed K18 or K8 alone (data not
shown). LK18+K8 cells contained abundant bundles of
filaments in many cells, although documentation of well-
separated keratin bundles was complicated by the small
number of flattened cells. The population was heteroge-
neous, with some cells staining weakly and other staining
much more strongly (Fig. 4B). In occasional flattened
LK18+K8 cells, the filament pattern appeared quite similar
to that seen for cells normally expressing K18 and K8 or
their mouse homologs. The pattern of staining for K18 could
not be distinguished from that for K8 in cells stained with
both antibodies (Fig. 4C and D). This finding is consistent
with the view that authentic, obligate heteropolymer IFs had
formed within these cells. We conclude that in L-cell fibro-
blasts, the expression of K8 and K18 proteins appears both
necessary and sufficient for the formation of keratin filament
structures.
The effects of expression of K18 and K8 singly and

together were also examined in NIH 3T3 fibroblasts. In this
case, both proteins were expressed from cDNA constructs
driven by an SV40 promoter. The results of immunoprecip-
itation analysis of cells labeled with [35S]methionine and
then incubated in nonradioactive medium are shown in Fig.
5. Again, when K18 and K8 were expressed together, a large
fraction of K18 was relatively stable (Fig. 5a, lanes 12
through 16; Fig. 5b). K18 expressed alone in NIH 3T3 cells
was degraded relatively rapidly (Fig. 5a, lanes 8 through 11;
Fig. 5b). When K8 was expressed together with K18 in NIH
3T3 cells, K8 turned over relatively slowly. However, in
contrast to K8 alone in L cells and K18 alone in NIH 3T3
cells, K8 appeared relatively stable in NIH 3T3 cells when
expressed alone (Fig. 5c, lanes 3 through 7; Fig. 5d).
The reason why solitary K8 was not degraded quickly in

NIH 3T3 cells is unclear because such cells neither ex-
pressed the endogenous, complementary mouse Endo B
(Fig. 5a, lanes 3 through 7) nor contained immunofluores-
cence-detectable keratin filaments at a frequency that could
account for such stability (see below). Nevertheless, it is
apparent that K18 was degraded when expressed alone in
NIH 3T3 cells and was stabilized only when K8 was also
present, as shown for LK18+K8 cells. Again, no synthesis
of a complementary, endogenous keratin was detected in
NIH 3T3 cells expressing only K8 (Fig. 5a, lanes 3 through
7) or K18 (Fig. 5c, lanes 8 through 11). In additional
experiments, the Endo A gene (56) was expressed in NIH
3T3 cells after transfection, but again no induction of Endo B
or other type I keratins was detected (data not shown).

Immunofluorescent staining of the stably transfected NIH
3T3 cells detected keratin filament patterns in cells receiving
both the K8 and K18 expression vectors (Fig. 4A, E, and F).
Double staining with antibodies recognizing both K18 and
K8 showed superimposable patterns (Fig. 4E and F), which
suggested that the two proteins were colocalized. Approxi-
mately 25% of the cells of the primary clonal isolate, which
was transfected with both cDNAs, stained positive for
K18-K8 filaments. After subcloning, the proportion of cells
staining positive for filaments ranged from approximately 1
to 90% in different clones. Curiously, every subclone con-
tained some positive cells, which suggested that the lack of
expression in some transfected cells resulted not from loss of

the plasmid construct but rather from some type of epige-
netic inactivation of one or both expression vectors. Sub-
clones containing a high proportion of positive cells and
having high levels of stainable structures grew slowly and
accumulated aberrant giant cells. One such clone nearly
ceased continuous proliferation after approximately 40 gen-
erations. This finding suggested that NIH 3T3 cells that
accumulated large amounts of simple epithelial keratins may
have been unable to proliferate indefinitely.
No NIH 3T3 cells expressing only K8 had filamentous

structures detectable by antibodies that recognized only K8
and Endo A or K18 and Endo B. However, the level of K8
in NIH 3T3 K8 cells was quite low, and if K8 was distributed
diffusely throughout the cell, unambiguous distinction from
control NIH 3T3 cells would be difficult. An occasional rare
cell contained punctate, reactive regions of presumptive K8
reaction located perinuclearly (Fig. 4G). No such reaction
with Endo B antibodies was found. In addition, during a
survey of keratin antibodies, one broad-specificity monoclo-
nal antibody (K8.13) that reacted with an occasional cell was
found (Fig. 41 and J), although the vast majority of NIH
3T3K8 cells were negative (Fig. 4H). This antibody appeared
to recognize both the rare cells with punctate TROMAl
reaction (Fig. 4G) and additional, very rare cells that con-
tained filamentous staining material (Fig. 4J) not recognized
by the TROMAl antibody. This finding is consistent with the
broad specificity of the K8.13 antibody, which is reported to
recognize K8 as well as seven other keratins (22). In a typical
experiment, fewer than 10 cells containing reactive filamen-
tous structures were found among several thousand NIH
3T3K8 cells stained with the antibody. However, the frac-
tion of NIH 3T3K8 cells that stained with the K8.13 antibody
appeared to be insufficient to account for the slow turnover
of K8 in NIH 3T3 cells. The reactive cells of this recent
clonal population may have resulted from the inappropriate
expression of an epidermal type I keratin, as has been
reported by others (23). Expression of K8 in many or most of
the cells of this clone may facilitate detection of the activa-
tion of a type I keratin gene by permitting stable keratin
filaments to form.

Disruption of Endo A and Endo B filaments by a truncated
K18 protein. The demonstration that K18, and ih some cases
K8, is degraded in fibroblasts that lack a partner protein
suggests that degradation of keratin proteins that are in
excess of a complementary subunit might contribute to the
observation that K18 and K8 are commonly found in equal
amounts within permissive cells. To determine whether a
similar degradation system exists in cells that normally
express simple epithelial keratins, we attempted to stably
disrupt the polymerization state of Endo A and Endo B in
mouse parietal endodermal cells by coexpression of a trun-
cated K18 protein. Our construct (designated LK442-K18-
1070 in Fig. 1) retains 1,070 nt of the K18 cDNA and would
be expected to code for a protein containing the first 340
amino acids of the K18 protein along with an additional 2
amino acids. This truncated protein (designated K18-340)
would not contain the last 50 amino acids of coil 2 (including
the conserved sequence TYRRLLEGE found at the end of
coil 2 in all IFs) or the 39-amino-acid tail region. The
expected molecular weight of K18-340 is 38,057. Transfec-
tion of LK442-K18-1070 into HR9 parietal endodermal cells
and selection for the linked guanine phosphorsbosyltrans-
ferase transcription unit resulted in multiple clones. Of the
first six to be examined, four expressed the expected trun-
cated protein; the two with the highest K18-340 expression
were examined in detail. Use of polyclonal rabbit antibodies
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FIG. 4. Immunofluorescent staining of keratin filaments in NIH 3T3 cells and L cells expressing both K18 and K8. (A, E, and F)
3T3K18+K8 cells; (B, C, and D) LK18+K8 cells; (G through J) 3T3K8 cells. Cells were exposed to monoclonal antibody TROMA1, which
recognized K8 (A, B, and G), or were double labeled with both TROMAl and Endo B antibodies that recognized K18 (C and D; E and F)
and appropriate rhodamine- or fluorescein-labeled secondary antibodies. Panels H through J were reacted with the K8.13 broad-specificity
monoclonal antibody reported to recognize Kl, -5, -6, -7, -8, -10, -11, and -18. The strongly fluorescent 3T3K8 cells shown in panels I and
J are examples found very rarely (less than once per 1,000 cells). Arrows in panels G and I point to perinuclear aggregate material recognized
by TROMAl and K8.13 in occasional cells. The bar in panel A, which applies also to panels B, G, I, and J, represents 21.7 p.m; the bar in
panel C, which applies to the remaining panels as well, represents 8.7 p.m.
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FIG. 5. Expression and turnover of K18 and K8 in stably transfected mouse NIH 3T3 cells. HeLa and NIH 3T3 cells expressing pECE-K8

(3T3K8), pECE-K18M (3T3K18), or both (3T3K18+K8) were analyzed as described in the legend to Fig. 3. (a and c) Fluorographic exposures
of the sodium dodecyl sulfate-acrylamide gel used to resolve immunoprecipitated K18 and K8, respectively. Chase times for both 3T3K8
(lanes 3 through 7) and 3T3K18+K8 (lanes 12 through 16) were 0, 1, 2, 4, and 7 h; chase times for 3T3K18 (lanes 8 through 11) were 0, 1,
2.5, and 8 h. All lanes were exposed for 2 days. (b and d) Results plotted as in Fig. 3. Migration positions of Endo B and K18 and Endo A
and K8 are indicated on the right.

to Endo B permitted the simultaneous detection of both
K18-340 and Endo B.
Immunofluorescent staining with antibodies to Endo B

and Endo A of two clones expressing K18-340 (HR-1 and
HR-7) revealed a pattern very different from that of similarly
stained control cells (Fig. 6). Mouse HR9 parietal endoder-
mal control cells (HR-C) exhibited the staining pattern
typical for endogenous Endo B (Fig. 6A) and Endo A (Fig.
6B) IFs. Previous studies have demonstrated that Endo B
and Endo A are localized in the same IFs (28). HR-1 cells
contained only small localized concentrations of material
recognized by Endo B antibodies. In some cells, this mate-
rial was localized exclusively at the perimeter of the cell
(Fig. 6C); in other cells, the fluorescent material was peri-
nuclear. More than 95% of the cells contained no filamentous
material within the cytoplasmic regions, even though an
occasional cell did exhibit an apparently normal staining
pattern. Not only was the pattern of staining altered from
normal, but the total amount of accumulated material within
the cells was much lower, as judged by the time of photo-
graphic exposure necessary for documentation. The staining
pattern of Endo A within these cells was similarly altered
(Fig. 6D and F). Punctate staining material was found within
the cells, often in the perinuclear region or in accumulated
material at the outer edge of the cell. The Endo A pattern
differed from the Endo B pattern in an additional overall

diffuse staining, whereas the Endo B pattern was fluorescent
only in the aggregate material.
The staining pattern of the second clone (HR-7), which

expressed a higher level of K18-340 (see below), was altered
to an even greater extent. Material reactive to Endo B
antibodies was found as punctate fluorescent deposits com-

monly concentrated in the perinuclear region (Fig. 6G and I).
Although most of the HR-7 cells had no discernible reaction
with Endo A antibodies (Fig. 6J), an occasional cell was seen

to contain small deposits of reactive material (Fig. 6H). The
diffuse cytoplasmic staining of Endo A seen in HR-1 cells
was not evident. Because the Endo B antiserum used in
these experiments reacted with both endogenous Endo B
and the K18-340 protein, it is unclear whether the reactive
material in the two experimental clones contained both
keratin proteins. However, the paucity of material reactive
with Endo A antibodies in HR-7 cells (Fig. 6H and J)
suggested that Endo A may have been greatly reduced or
unavailable to the monoclonal antibody in the aggregate
material stained by Endo B antibodies. It is clear that the
polymerization states of Endo B and Endo A were drasti-
cally affected by the expression of K18-340. Both the HR-1
and HR-7 cells proliferated comparably to or slightly faster
than the parental line. Taken together, these results indicate
that the K18-340 protein efficiently inhibited the normal
formation of the Endo A-Endo B IF network in HR9 cells
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FIG. 6. Immunofluorescent staining of the endogenous keratin filament network of mouse HR9 parietal endodermal cells expressing a
truncated K18 protein. (A and B) Control HR9 cells (HR-C); (C through J) two representative HR9 clones (HR-1 and HR-7) that expressed
the K18-340 protein stained with the indicated antibodies as described in the legend to Fig. 4. (A, C, E, G, and I) Reactions of Endo B antibodies
that also recognized K18 and K18-340; (B, D, F, H, and J) reactions with monoclonal antibody TROMAl. The bar in panel J, which applies to
all panels, represents 7.85 p.m. Note the punctate antibody reaction in panels G, I, D, and H and the lack of reaction in panel J. Perinuclear
reaction is particularly evident in panels E and F, and accumulation of antigen at the periphery of cells is evident in panels C and D.
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FIG. 7. Expression and turnover of a truncated K18 protein (K18-340) in HR9 mouse parietal endodermal cells and its effect on Endo B
and Endo A. Control HR9 cells (HR-C) and HeLa and HR9 cells expressing K18-340 (HR-1 and HR-7) were analyzed as described in the
legends to Fig. 3 and 5. Samples shown in panel a were the result of immunoprecipitation with Endo B antibodies that also recognized the
K18-340 protein, sodium dodecyl sulfate-gel analysis, and a 2-day fluorographic exposure of the dried gel. Samples shown in panel c were
immunoprecipitated with Endo A antiserum in the same way. The incubation times in nonradioactive medium were 0 and 7 h for HR-C and
HeLa cells; lysates were prepared from HR-1 and HR-7 cells 0, 1, 2, 4, and 7 h after incubation in nonradioactive medium. Migration positions
of Endo B, K18, K18-340, Endo A, and K8 are indicated on the right in panels a and c. Values obtained from densitometric scanning of
appropriately exposed films are shown in panels b and d after normalization to the first time point for HR-C.

and that cell lines which continuously exhibit an altered
endogenous IF pattern can be established.
The expression of K18-340 and its effect on endogenous

Endo A and Endo B protein stability was assessed by
immunoprecipitation analysis of metabolically labeled HR-1
and HR-7 cells (Fig. 7). After a 45-min labeling period,
K18-340 found in HR-1 and HR-7 cells was 2.9- and 5-fold
higher, respectively, than the amount of Endo B found in
control HR9 cells (HR-C) (Fig. 7a, lanes 1, 3, and 8; Fig. 7b,
0-h chase). The K18-340 protein was clearly expressed in
excess over Endo B in HR-1 and HR-7 cells and thus might
be expected to compete efficiently for Endo A binding. The
amount of Endo B found in HR-1 and HR-7 cells was also
lower than that found in control cells. This result is similar to
that previously observed for HR9 cells that expressed the
foreign K18 gene (31) and appears to imply some down-
regulation of endogenous Endo B synthesis by overexpres-
sion of either K18 or, in this case, K18-340. However,
because Endo B turned over relatively rapidly in HR-1 and
HR-7 cells, the labeling period of this experiment was long
enough to permit significant keratin degradation to occur
during the incubation in radioactive medium, resulting in an
underestimation of the rate of Endo B protein synthesis.
Additional experiments indicated that as the labeling period
was made shorter, the apparent rate of Endo B synthesis

approached the value for the control HR-9 cells (data not
shown). The apparent molecular weight of K18-340 was
estimated to be 33,851. K18 has been shown to migrate
approximately 18% slower than expected for its calculated
molecular weight (43). If K18-340 behaves similarly, the
corrected apparent molecular weight of 39,994 is close to the
calculated value of 38,057.
The amounts of radioactive K18-340 and Endo B from the

transfected cells dropped rapidly after incubation in nonra-
dioactive medium. This effect was more pronounced in cells
expressing higher levels of K18-340 (HR-7). Turnover of
Endo A in the same cells was similarly affected (Fig. 7c and
d). The time necessary to turn over 50% of Endo A de-
creased from more than 7 h to 1.4 h in HR-1 cells and to less
than 1 h in HR-7 cells. The slower rate of Endo A degrada-
tion in HR-1 cells may account for the diffusely distributed
Endo A pattern seen by immunofluorescence (Fig. 6D and
F). These experiments demonstrate that the K18-340 human
protein can inhibit the formation of normal Endo A and Endo
B filament structures. This disruption also leads to an
increased degradation of Endo A and Endo B. Thus, a
similar proteolytic system that degrades singly expressed
K18 and K8 in murine fibroblasts may also exist in cells that
normally express the endogenous mouse homologs of K18
and K8.
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POSTTRANSLATIONAL REGULATION OF KERATINS

DISCUSSION

Whereas K18 and its mouse homolog, Endo B, are nor-
mally restricted in expression in adult animals to simple
epithelial tissues (37), transfection of the isolated K18 gene
into fibroblasts resulted in the expression of both K18
mRNA and K18 protein (31) without induction of the endog-
enous homologous keratin genes. In addition, this expres-
sion appeared quite efficient, since LK18 cells contained
only one to two copies of the K18 gene (data not shown).
These results, combined with those for K18 and Endo B
expression in somatic cell hybrids and chromatin and meth-
ylation studies of Endo B, suggest that expression of K18 is
not restricted in fibroblasts because of the absence of nec-
essary transcription factors or by the action of trans-acting
negative regulators (44). Rather, K18 expression may be
restricted by an epigenetic inactivation mechanism. The
results presented here provide evidence of an additional
posttranslational aspect to the regulation of the expression of
K18. When K18 is expressed alone in mouse fibroblasts, it is
rapidly degraded. The isolation and expression of a K8
cDNA containing all coding sequences permitted us to
demonstrate that coexpression of K18 and K8 subunits was
necessary and sufficient to stabilize K18, culminating in
keratin filament formation within cells. The accumulation of
K18-K8 filaments in NIH 3T3 cells resulted in both the
generation of aberrant cells and a slower proliferation rate in
the highest-expressing clones. This result implies that al-
though the expression of two complementary keratins is
sufficient for filament formation, other mechanisms may be
necessary for regulating the keratin filament polymerization
state to permit orderly cell division. The overexpression of
keratin filaments may be biologically relevant to certain cell
processes such as the generation of trophoblast giant cells,
which accumulate many copies of genomic DNA without
cell division while expressing simple epithelial keratins at
high levels (2).

Neither expression of K8 in mouse L or NIH 3T3 cells nor
expression of Endo A in NIH 3T3 cells resulted in the
induction of endogenous Endo B. Thus, the induction of a
type I keratin by the expression of a type II keratin in
fibroblasts as reported by other investigators (23) appears
not to be a general mechanism for all keratins.

Expression of the K8 cDNA showed that K8 was subject
to proteolytic degradation in L cells when expressed singly.
In NIH 3T3 cells, however, K8 was more stable. This
differential stability of K8 appears not to be due to the
induction of a complementary mouse type I keratin, as
judged by both immunoprecipitation and immunofluorescent
staining methods. The detection of K8 in the form of
nonfilamentous deposits within some NIH 3T3K8 cells
raised the possibility that K8 was in a precipitated form,
perhaps unavailable to degradation in NIH 3T3 cells. How-
ever, additional analysis of the nonionic detergent-soluble
and -insoluble fractions of NIH 3T3K8 and LK8 cells
revealed that K8 could be detected in both fractions but that
the proportion of K8 recovered in the two fractions was the
same in both cell types (data not shown). Therefore, K8
appeared to be in a similar physical state in the two cell
types. The difference in the rates of K8 degradation in NIH
3T3 and L cells may reflect a difference in the activity of one
or more proteolytic systems in the two cell types. Both K8
and K18 have candidate PEST signal sequences, which are
postulated to be responsible for the degradation of various
intracellular proteins (48). However, these sequences are
located in the head and tail domains of K8 and near the

center of K18. Some PEST proteins may be shielded from
proteolytic degradation by complexing with a second protein
(24). The interaction of K8 and K18 or the interaction of
higher-order intermediates of IF formation may similarly
safeguard these keratins from degradation.
We did detect very rare NIH 3T3K8 cells that contained

keratin filament structures. Although these cells did not
react with monoclonal antibody TROMA1, it is possible that
this antibody does not recognize a hypothetical hybrid
keratin filament composed of K8 and an endogenous, inap-
propriately expressed type I keratin. The inappropriate
expression of such a type I keratin in NIH 3T3 cells has been
reported (23). However, the fraction of cells containing such
filaments in NIH 3T3K8 cells was extremely low and ap-
peared to be insufficient to account for the stability of K8.
Expression of the keratins detected by the K8.13 antibody
may be related to the proposed epigenetic suppression of at
least certain keratin genes. The inappropriate expression of
a previously suppressed type I gene would be facilitated by
the forced expression of a complementary type II keratin.
The frequency of cells accumulating keratin reactive with
the K8.13 monoclonal antibody may reflect the degree to
which suppressive mechanisms can maintain type I keratin
genes in the inactive state. In this regard, the cell lines
expressing only K8 or K18 may be useful as recipients of
additional vectors expressing complementary proteins and
as test lines for measuring the frequency at which comple-
mentary keratin genes are activated either spontaneously or

as a result of drug treatment (11).
Inhibition of the filament pattern of Endo A and Endo B in

mouse parietal endodermal cells by overexpression of K18-
340 is consistent with the results of investigators who have
demonstrated that the transient expression of mutant K14
proteins missing the highly conserved, terminal portion of
the coil 2 domain dramatically disrupts endogenous keratin
networks (1). The molecular level at which K18-340 inhibits
Endo A and Endo B filament organization is not yet clear.
Magin et al. (34) have shown that similar deletions of the
Xenopus K8 molecule will nonetheless permit binding to
K18 in vitro. Thus, K18-340 might be expected to bind to
Endo A, the mouse homolog of K8, thereby directly com-

peting with endogenous Endo B. Whether such hybrid
molecules could form stable tetramer intermediates of two

type I and two type II keratin subunits or even higher-order
structures such as protofilaments remains to be determined.
Also, the nature of the residual antigenic material found by
immunofluorescent staining of HR-1 and HR-7 cells remains
to be investigated at the electron microscope level. These
spheroid and irregular antigenic structures appear similar to
transient IF protein aggregates found normally in some cell
types (19) and in certain pathological states (12, 17).
Our results showing that acidic and basic keratins are

stabilized when expressed together suggest that tight coor-

dinate regulation of the mRNA levels of the two keratin
proteins may not be necessary to ensure the equal amounts
of the proteins commonly found in the cytoskeletons of
epithelial cells. Clearly, mechanisms that permit the tran-

scription of the two genes in appropriate cell types are still
required. The establishment of both long-term cell lines and
possibly transgenic mice with disrupted filament patterns
provides intriguing alternatives to the method of antibody
injection (15, 30) for the study of the biological function(s) of
simple epithelial keratins both in vivo and during develop-
ment.
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ADDENDUM IN PROOF

Subsequent to the review of this manuscript, a study
describing the expression of Endo B and Xenopus laevis K8
in 3T3 cells was published (L. Domenjoud, J. L. Jorcano, B.
Breuer, and A. Alonso, Exp. Cell Res. 179:352-361, 1988).
The results presented here are in agreement with their
conclusions that both type I and type II keratins are required
for filament formation in 3T3 cells and that singly expressed
K18 is unstable.
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