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ABSTRACT. Transforming growth factgh (TGF-3) is a potent inhibitor of cell growth and tumor progression.
Previous work has shown that loss of functional T&8#pe Il receptor (RII) due to a frameshift mutation

in the B half of the RIl gene leads to TGF-resistance in a highly progressed, RERuman colon
carcinoma cell line designated HCT116. Expression of this mutated RIl gene was highly repressed in
RER cell lines such as HCT116 and RKO, as analyzed by RNase protection assays. Nuclear run-on and
RIl promoter-reporter (CAT) assays showed that the transcriptional levels of the RIl gene in these RER
cells were not reduced, compared to Rll-expressing cells. However, the half-lives of the RIl mRNA, as
analyzed by RNase protection assays following actinomycin D treatment, were significantly decreased.
This suggested that the decreased expression of the RIl gene mutant was due to decreased mRNA stability.
Furthermore, RIl mRNA from HCT116 transfected with wild-type RII had a longer half-life than the
endogenous mutated RIl mRNA. A dominant negative RIl mutant, which encodes a similarly truncated
RIl protein as HCT116 but lacks the extensiveuBtranslated region of RIl mMRNA, gave the same half-

life as endogenous wild-type RIl mMRNA. We conclude that the frameshift mutation which results in a
premature stop codon in theé Balf of the mRNA transcript accounts for the reduced RIl mRNA levels

in RER' cells.

Transforming growth factof (TGF5)! has been shown s of particular interest, because RIl inactivation is common
to regulate many cellular processes including cell prolifera- in tumor cells exhibiting microsatellite instability (termed
tion, differentiation, and extracellular matrix formation in RER) 8). RER?' is associated with mismatch repair defects
multiple cell types {, 2). TGF{$ acts as a potent inhibitor  and characterized by genetic alteration of simple repeated
of cell growth and tumor progression, and loss of this sequences( 10, 11). Previous work in our laboratory has
negative regulation of TGB- can contribute to tumor found that reconstitution of TGB-autocrine activity by re-
development. This growth factor exerts its effects through expression of RIl can reverse malignancy in the REBlon
specific binding to cell surface receptors. Three distinct cell cancer cells HCT116, thus verifying that malignancy of
surface receptors, type | (RI), type Il (RIl), and type lll (RIIl), hereditary nonpolyposis colorectal cancer is directly associ-
have been cloned and characterized. Both RI and RIl areated with loss of TGFB RIl expression 12). Inactivation
transmembrane serine/threonine kinase receptors, and thef RIl appears to be a critical step in tumor progression rather
presence of both receptor types appears to be necessary fahan a simple correlation of the RERhenotype. Thus, RIl
TGF+ signal transduction3( 4, 5). After direct binding of  mutation links DNA repair defects with a known pathway
TGF+4 to RIl, whose kinase activity is constitutively active, of tumor progressiong).
the TGFA/RIlI complex is recognized by RI. RI is then
recruited into the complex and becomes phosphorylated by
RIl. Phosphorylation of RI initiates signal propagation to
downstream target$). RIll is a transmembrane proteogly-
can lacking any intrinsic signaling ability, but may be

involved in presenting TGE-ligands to Rl and RIIY). functional RII protein. In contrast, HCT116, a highly

The direct involvement of Rl and Rl in TGB-signal ~ rogressed and poorly differentiated late stage cell line, has
transductlon. indicates that the loss of functional RI and/or very low RIl mRNA levels and nondetectable cell surface
RIl expression could contribute to the loss of TBF- gy "yrotein @). Sequence analysis of thealf of the RIl
responsiveness, resulting in a growth advantage that, in turn,.pNA from the HCT116 cells showed a homozygous loss
contributes to tumor progression. In colon cancer cells, Rl of 1 adenine within a sequence of 10 repeating adenines at
nucleotides 709718 (12). This one base pair deletion gives

' This work was supported by National Institutes of Health Grants rise to a premature stop codon at nucleotide 820, and, thus,
CA38173, CA50457, and CA72001. encodes a truncated protein of 161 amino acids instead of

* To whom correspondence should be addressed. Telephone: (419)- ; ; ey P ;
381-4137. Fax: (419)382-7395. the 565 amino acids of wild-type RII. Similar RII mutations

® Abstract published il\dvance ACS Abstractdlovember 15, 1997. resulting from one or two base pair deletions within this
Rllll Abbrevfiatio_ns: TGFﬁ,htr?nsfothing growth factq@i RIII, Rll,ézlnlclil polyadenine tract have been detected in other RE®lon

, transforming growth factors receptor types I, Il, and lil, ; ;
respectively; RER, replication error(s); (k) bp, (kilo) base pair(s); PAGE, Eanlc.:er cells tanéj prlmatry tREI?riOItOS,] cancer tlSSUgE?X. tabl
polyacrylamide gel electrophoresis; CAT, chloroamphenicol acetyl- E&flI€r reports demonstrated that there was no detectaple

transferase. truncated RIl in the FET cells8]. In this report, we

The FET colon carcinoma cell line was derived from an
early stage human colon cancer and as such reflects the
properties of early malignant cells rather than highly
progressed cellsl@, 14). FET is highly differentiated but
poorly invasive. It has normal RIl mRNA levels and
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investigated the mechanism for the reduced RII levels in
RER' cells. Our results showed that reduced truncated RII
expression in RERcells is a result of decreased RIl mRNA
stability. Furthermore, the premature stop codon generated
by frameshift mutation in the polyadenine tract was involved
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in this message instability. == wegm o= == <4 TCF-HRI Probe
MATERIALS AND METHODS
Cell Culture. The FET, CBS4, HCT116, and RKO human &+ - < TGEBRII

colon cancer cell lines were establisheditro from primary
tumors and maintained as described previoudh, (5).
VACOA481 cells were maintained in MEM+2 medium as
previously describedl@). A typical limiting dilution clone
of HCT116 and stable transfected lines, HCT116-RII37,
HCT116-Neo {2), and CBS4-DN (Ye and Brattain et al.,
unpublished), were maintained as previously described.
RNA Analysis. Total RNA from subconfluent cells was
isolated by guanidine thiocyanate homogenization and puri-
fied through a cesium gradient?). To determine TG
RII mRNA levels, RNase protection assays were performed
as previously described 8, 19). Briefly, 40ug of total RNA
was hybridized with®?P-labeled RII riboprobes at room
temperature overnight. The hybridization mixture was then
digested with RNase A and RNase T1 to remove free probes
and nonduplexed RNA followed by precipitation. The
protected fragments were resolved on a 6% PAGE gel
containirg 7 M urea and visualized by autoradiography. The
antisense probes used to detect RIl mRNA expression were
previous|y describedl@; Ko and Brattain et a|_’ unpub_ FIGURE 1: EXpI‘ESSiOI'I of TG$- RII mRNA levels in human colon

; i . ocancer cell lines. Forty micrograms of total RNA from each cell
lished). The actin-protected fragment was used to rmrmahzeline was hybridized with thé?P-labeled RNA probes indicated.

sample loading as described previouslg)( The hybridization mixture was then digested with RNase A and
Nuclear Run-On Assayslsolation of nuclei was per-  RNase T1 to remove free probes and nonduplexed RNA. Protected
formed as described previouslgQ). Briefly, cells were fragments were resolved on a 6% PAGE gel contgiiirM urea
homogenized in lysis buffer [0.05% Nonidet P-40, 300 mM and visualized by autoradiography. RIl mRNA levels in each cell
sucrose, 25 mM 4-(2-hydroxyethyl)-1-piperazineethane- line are shown. Actin mRNA levels were used for normalization

ic aci  sample loading.
sulfonic acid (pH 8.0), 3 mM MgGJ 0.25 mM EDTA, 0.5 ©' S2mPie foading

mM_ dithiothreitol, 10..g/ml. Ieup_ep_tin,_ 1_ng/mL chymo- promoter-CAT chimeras—1.8 kb RII/CAT and—274 bp
statin, 25ug/mL soybean try_psm |r_1h|b|tor, and 0.1 .mM RII/CAT; gift of Drs. Seong-Jin Kim and Anita B. Roberts)
Ehenylmgthanesulf?r!yl fluork:de] WI'Ith 3 t\>N heato_rf1 tSSU€ 5 promoterless-CAT expression plasmid were transiently
omogenizer. Nuclei were then pe ete' y centrl ugat|og1, transfected into subconfluent cells by electroporation at 300
resuspended in storage buffer (50 mM Tris-HCI, pH 83 40% \/ and 96QuF in a Biorad Gene Pulser. Cells were harvested
glycero_l, 5 mM MgC4, and 0.2 mM EDT.A)' a_nd quick- 48 h after electroporation, and total RNA was extracted.
frozen in dry ice-ethanol. To obtain radioactive nascent Lysate was prepared from a portion of the cells for use in
RNA transcripts, nuclei were thawed and transcripts were f-galactosidase assays performed. The levels of CAT
eIonhgated at 30C ford30 min in the presegce of O'.4 ran MRNA expressed by the transient transfectants were mea-
cac ATP, CTP, an G-II—P’ AM UTP, an ::.100//LCI_O sured by RNase protection assays as described above.
[o-**P]UTP (3000 Ci/mmol, Dupont, NEN). Chromatinand = gampje Joading was normalized Ifygalactosidase assays
protein were then femo"ed f.rom .th|s reaction mixture by (21). All transfections were performed a minimum of 3
DNase | and proteinase K digestion, followed by phenol/ times.
chloroform extraction and ethanol precipitatiottP-labeled Determination of RIl MRNA Half-LifeSubconfluent cells
incorporated material was purified away from unincorporated were treated with Bg/mL actinomycin D, and total RNA
radioactivity using a NACS-52 column (Gibco BRL). An was harvested at 0, 0.5, 1, 2. 4¢ghh after t,reatment RNase
equal amount of radioactivity was used for each hybridization protection assays' v;/e're, p'erforme d as describé d above
reaction. Eight micrograms of linearized and denatured RII Quantitation was performed by densitometry using the Ambis

cDNA-plasmid and pBluescript SK (pBSK) was immobilized ; ) .
. S system after an optical scan of the respective autoradiographs.
on nitrocellulose membranes before hybridization af@2 o ; oo
Material in RIl bands was normalized to actin within the

for 72 h with the®P-labeled RNA. After hybridization, , .
filters were washed twice in>2 SSC solution with 0.1%  >2m¢ lane. AI.I half-life experiments were performed a
: minimum of 3 times.

SDS for a total of 60 min, and then incubated iR SC
containing RNase A (1Qug/mL) for 30 min at 37°C. RESULTS
Transcripts were visualized by autoradiography.
Transient Transfections and CAT Assayfi®n micrograms Expression of TG RIl mRNA in HCT116 and FET
of pSV3-galactosidase vector (Promega) andugOof RII Cells. HCT116, a RER cell line, has been previously shown

<4— Actin Probe

-_— <4— Actin
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FET HCT116 RKO  VACO481  CBS4 of the RIlI promoter-CAT chimeras. A promoterless-CAT
construct and two RIl promoter-CAT chimeras with different
lengths of RII promoter were transiently transfected into
e - - RII subconfluent cells. The 1.8 kb RII/CAT chimera, consist-

FiIGURE 2: Transcriptional activity of TGEB RIl in human colon ing of 1.8 kb from the Sregion OT t'he RII geng, and the
cancer cell lines. Eight micrograms of linearized RIl cDNA-plasmid —274 bp RII/CAT chimera, containing the proximal74
and pBluescript SK (pBSK) was immobilized on nitrocellulose bp of this region, have been shown to be well expressed in

membranes before hybridization witfP-labeled transcription ~ HepG2 cells 22). RNase protection assays were done to
ggcr)]rii:Joclts from isolated nuclei. pBSK plasmid was used as anegative naasure CAT mRNA levels, which, in turn, reflect RII

' promoter activity. No significant differences in promoter
| activity were observed between the HCT116 and FET cell

a—— pBSK

to have low levels of RII transcripts and nondetectable cell © .
surface RII protein §. RNase protection assays were lines for either the.—1.8 kb R”/CAT or the_—274 bp Rl
performed to determine the steady-state RIl mRNA levels CAT construct (Figure 3). A slightly higher promoter
in HCT116 cells and other colon cancer cell lines. HCT116 2ctivity was observed in cells transfected with thié.8 kb
cells had substantially lower RIl mRNA levels than FET cells RIVCAT construct in all cell lines tested. Taken together,
(Figure 1). No difference was found in RI mRNA levels in nuclear run-on assays .and CAT assays both indicate that
FET and HCT116 cells (data not shown). decreased RII Ie\./ells in HQTllG cells are not due to
Transcriptional Actiity of TGF3 RIl in HCT116 and FET decreased transcriptional activity of the RIl gene.
Cells. The basis for decreased RIl mRNA levels in HCT116  Stability of TGFS RIl mRNA in HCT116 and FET Cells.
cells relative to FET cells was examined. Nuclear run-on Transcriptional rates of RIl in FET and HCT116 cells
assays were carried out to determine whether the low levelsappeared similar, despite the obvious difference in steady-
of RIl mRNA in HCT116 were caused by reduced tran- state levels of RIl mRNA. Therefore, we next tested the
scriptional activity of RIIl. As shown in Figure 2, transcrip-  stability of RIl messenger RNA in FET and HCT116 cells.
tion of RIl in HCT116 cells was not reduced compared to Subconfluent cells were treated withu&/mL actinomycin
that in FET cells. As an alternative approach to assessD, and total RNA was extracted at different times following
transcription of RIl and to confirm the results of nuclear run- treatment. RNase protection assays were then performed to
on assays, RIlI promotereporter (CAT) transient transfec- measure the levels of RIl mRNA without the effects of new
tions were performed. The CAT assay reflects the avail- synthesis. Representative data of half-life experiments in
ability of the transcription factors necessary for transcription FET and HCT116 cells are shown in Figure 4. The

CBS4 FET
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Ficure 3: Promoter activity of TGFB RIl in human colon cancer cell lines. RIl promoterX.8 kb and—274 bp) CAT chimeras and a
promoterless-CAT (pCAT) construct were transiently transfected into FET, HCT116, VACO481, and RKO cells (A) and into CBS4 cells
(B). The levels of CAT mRNA (which reflect promoter activity) were measured by RNase protection assays. Sample loading was normalized
by p-galactosidase assays.
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FicurRe 4: Stability of TGFA RIl mRNA in FET (A) and HCT116 (B) cell lines. Subconfluent cells were treated witly/SnL actinomycin
D and harvested at 0, 0.5, 1, 2, 4,daé h after treatment. RNase protection assays were performed as described under Materials and
Methods.

10 adenine tract

experiments were performed a minimum of 3 times with
different sets of RNA from independent actinomycin D
treatments. Rl mMRNA decreased slowly with time in both WT B @i‘; 3
FET and HCT116 cells compared to RIl mRNA, and the FETCBSH 336405 813903 1173 1968 2037
half-life of R mMRNA in HCT116 was similar to that in FET One A deletion
cells =6 h, data not shown). The half-life of RIl mMRNA  ucrii6
was consistently measured to be 3 h in FET cells and
1-2 h in HCT116 cells. These data suggest that the low
levels of RIl mRNA found in HCT116 cells are due to
decreased message stability.

TGF4 RIl MRNA Leels and Transcriptional Acgity in
RKO and VACOA481 CellsHCT116 cells are homozygous -
for a frameshift mutation in the RIl gene which causes the 520 T insertion

Ser/Ttlnr kinase

RKO

. . . '~ VACO481
insertion of a premature stop codon. _Stud|es concerning 7 ’ "3(1;TG‘TG;936 gm 3
message stability suggest that frameshift mutations which 2023

result in premature termination of translation in tHen&lf
of the mRNA molecule are associated with low message
levels @3). Two other RER cell lines, RKO and VA-
CO0481, possess mutations in the RII gene which are differentFIGURE 5: Schematic representation of TGRII and its mutants

P ; in human colon cancer cell lines. Mutations were characterized by
from the mutation in HCT116. We examined RIl mRNA sequence analysis of cDNAs from cellular RNg).(The frameshift

levels and stability in these cell lines to determine the effects 1, tations also change the coding region downstream of the deletion
of the different RII gene mutations on RNA stability. One or insertion. Construction of the dominant negative mutant was
of the RII alleles in RKO cells (a RERcell line) contains previously described2(). Gene regions are labeled for the wild-
the wild-type sequence which is not expressed. The secondype construct. Numerals represent nuclear acid numbers for the
allele contais a 2 base pair deletion within the 10 base Wild-type sequence, with 1 as the start of transcription.
polyadenine tractd). This frameshift mutation results ina deletion in the RIl polyadenine tract identical to the HCT116
premature stop codon at nucleotide 725, thus encoding acells, while the second allele has an additional GT repeat in
truncated RII protein of 129 amino acids (Figure 5). If a a region which normally contains three GT repeats at
premature stop codon is responsible for decreased half-life,nucleotides 19311936. This GT insertion truncates RII by
we predict that RIl mMRNA in RKO cells should exhibit only 4 amino acids and substitutes a highly basic carboxyl
decreased stability similar to that in HCT116 cells. The terminus (29 amino acids) for the moderately acidic wild-
VACO0481 RER cell line harbors two different types of type C-terminal region (33 amino acids§)( Thus, RII
frameshift mutations (Figure 5). One of the alleles has a mMRNA from VACO481 cells represents a mixed population

CBS4-DN
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FiGUre 6: Stability of TGFS RIl mMRNA in RKO (A) and VAC0481 (B) cell lines. Subconfluent cells were treated wjtly/nL actinomycin
D and harvested at 0, 0.5, 1, 2, 4,daé h after treatment. RNase protection assays were performed as described under Materials and
Methods.

of two messages. Studies on frameshift mutations andabove, had a half-life of 42 h, like that in HCT116 cells
message stability in other systen®3(24, 25, 26) have (Figure 6A). Consistent with their steady-state levels, the
shown that only frameshift mutations which lead to prema- TGF5 RIl transcripts in VACO481 cells had a half-life (3
ture translation termination in the Balf of the message are  h) falling between those of FET and HCT116 cells (Figure
associated with decreased steady-state levels of RNA duetB).

to increased message instability. Thus, we hypothesized that RII Stability in HCT116-R1137, HCT116-Neo Cells, CBS4,
the message from the allele with the GT insertion would be and CBS4DN. To further examine whether the frameshift
as stable as the wild-type message since this mutation doesnutations in HCT116 and RKO cells cause decreased RII
not severely truncate the protein. However, the messagemessage stability, we measured the RIl mRNA half-life in
from the allele with the adenine deletion should show a HCT116-RII37 and CBS4DN cells. HCT116-RII37 is a
decreased stability as in the case of the HCT116 cells. TheHCT116 limiting dilution clone stably transfected with a
overall levels of RIl derived from a mixed population of wild-type RIl cDNA in a cytomegalovirus-driven expression
two messages may fall in between the high wild-type levels vector. If the message stability is determined bycia
and the low levels seen for HCT116 cells. mechanism of the message rather tharaas mechanism,

RII mRNA levels and RII transcriptional activity in RKO  the wild-type transfected message will have a longer half-
and VACOA481 cells were compared with those of HCT116 life than the endogenous mutant RIl mMRNA in HCT116 cells.
and FET cells. As predicted, RIl mRNA levels in RKO cells Measurement of the half-life of the transfected wild-type RII
are similar to those of HCT116 cells (Figure 1). Levels of message showed that the wild-type RIl mRNA in HCT116-
RII mRNA from VACO481 cells fall between those in FET RII37 cells had a RIl mRNA half-life twice as long as the
and HCT116 cells (Figure 1). This may be explained by endogenous mutant RNA (Figure 7A). Another previously
the presence of two species of frameshift mutations asdescribed RIl riboprobe10) was used in these RNase
described above. RII gene transcription activity, as measuredprotection assays in attempts to distinguish the transfected
by nuclear run-on (Figure 2) and promoter activity assays RIl transcripts from endogenous RII transcripts. This probe
(Figure 3), showed no significant differences among these routinely results in doublet protection, most probably due
cell lines, suggesting that as in HCT116 cells, the different to secondary structure in the region of the protection.
RIl mRNA levels are not caused by differences in the However, the transfected mMRNA product is overly abundant
transcription of the RIl gene. compared to the endogenous; thus, we were unable to

TGF-8 RIl mRNA Stability in RKO and VACO481 Cells. evaluate the products on the same experiment. Therefore,
We measured RIl mRNA in RKO and VACOA481 cells after we measured the half-life of RII mRNA in HCT116-Neo
actinomycin D treatment to test whether the decreasedcells as a control. HCT116-Neo cells, stably transfected with
mRNA levels were due to decreased mRNA stability. As the control vector only, had a RIl mRNA half-life of-12
expected, the TGB-RII transcripts in RKO cells, which  h, similar to HCT116 cells (Figure 7B); thus, the RIl mRNA
harbor a premature stop codon in thehdlf as described in HCT116-Neo cells represents the endogenous mutant
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FiGure 7: Stability of TGF# RIl mRNA in HCT116-R1137 (A) and HCT116-Neo (B) cell lines. Subconfluent cells were treated with 5
ug/mL actinomycin D and harvested at 0, 0.5, 1, 2, 4 &rh after treatment. RNase protection assays were performed as described under
Materials and Methods.

MRNA. These results suggest that the frameshift mutations(Figure 8B) as wild-type. These results suggest that not just

resulting in a premature stop codon in tHeh&lf of TGF$ the presence of truncating mutation itself, but also the
RII transcripts account for decreased message stability oflocation of a premature stop codon in theHalf of the
RII mRNA in the colon carcinoma cell lines tested. message is responsible for decreased RIl mRNA stability.

CBS4-DN is a limiting dilution clone of CBS (a RER
cell line) which has been stably transfected with a RIl DISCUSSION
dominant negative cDNA lacking much of the receptor’s ) _ _ )
cytoplasmic domain including the serine/threonine kinase ~The direct involvement of Rl and RIl in TGB-signal
active site (Figure 5). While it produces a similarly truncated transductlon_ indicates that the loss of functional RI and/or
RII protein as predicted for mutated RIl of 161 amino acids RIl expression could contribute to the loss of T@EF-
in HCT116 cells, the recombinant dominant negative mes- 'eésponsiveness and tumor progression. Previous work_m our
sage is different. The premature stop codon in the recom- laboratory has compared receptor and ligand expression in
binant RIl dominant negative mutant is located at the similar RER™ versus RER colon carcinoma cells. The results
site in the protein as in the HCT116 RII; however, the indicated that RI anq TGB—yvere expresseq in all cell lines.
recombinant mutant lacks the extensivei@ranslated region ~ However, RER cell lines uniformly lacked either RIl MRNA
of RIl MRNA. The recombinant message, therefore, does ©F functlonal cell surface RII proteir8). Reintroduction qf
not contain a translation termination signal within théalf RIl back into RER HCT116 cells by stable transfection
of the message. Accordingly, we hypothesize that the recon_sntut_eq TGE%SlgnaIm_g and S|gn|f|qar_1tly inhibited the
recombinant truncated message will appear as stable as thimorigenicity of the cell line 12). A similar result was
wild-type RIl message. RNase protection assays were dongd€Ported in a breast cancer cell lir9). Therefore, TGF5
with these cell lines to compare the levels of RIl message. Rl @ppears to be a target for defects during tumor progres-
The same riboprobe was used as in Figure 7. In theseSion. Analysis of the mechanism of RIl loss may prove to
experiments, the overexpressed RIl mRNA transfected genehave clinical use in defining the clinical course for subsets
was smaller than the endogenous, allowing for the separation©f different types of malignancies, and in addition, it may
and evaluation of the two types of message. CBS4 has Rjiresult in the identification of new therapeutic targets and
mRNA levels equivalent to FET (Figure 1), and RIl mMRNA approaches for some subsets of cancers.
in CBS4 had a half-life (45 h) (Figure 8A) similar to that In this paper, we studied the mechanism for the reduced
in FET cells. When CBS4 is stably transfected with the RIl mRNA level in late malignant colon carcinoma cells.
dominant negative mutant RIl cDNA lacking the serine/ Despite the obvious difference in steady-state levels of RII
threonine kinase domain (designated CBS4-C2Y) (Figure MRNA, somewhat surprisingly, RII transcriptional activity,
5), the mutant RIl mMRNA had a similar half-life {6 h) as measured by nuclear run-on and RIl promoter-CAT
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Ficure 8: Stability of TGF# RIl mRNA in CBS4 (A) and CBS4-DN (B) cell lines. Subconfluent cells were treated witly@L actinomycin

D and harvested at 0, 0.5, 1, 2, 4,daé h after treatment. RNase protection assays were performed as described under Materials and

Methods.

assays, showed no significant difference among cell lines.
This indicated that the reduction of RIl mRNA level was
not regulated at the transcriptional level. Therefore, the
mechanism was associated with the mRNA itself or with
the alteration of mMRNA degradation in the late malignant
tumor cells.

mutation resulting in premature termination of translation.

An unsolved issue is that the exogenous wild-type RIl in
HCT116 RIl transfectants showed a half-life falling between
endogenous mutant RIl transcript in HCT116 and wild-type
RII transcript in FET and CBS4 cells. Three possible
explanations are as follows: (1) The rapid degradation of

The polyadenine tract and the six base pair GT repeatsmutant RIl transcripts also accelerates the degradation of

within the RII coding region provide ideal targeting sites
for the so-called “microsatellite instability” or “replication
errors (RER)” phenotype?f). As described above, these
two regions have been shown to be mutated in RE&on
carcinoma cells which showed either low RIl mMRNA or low
functional RII protein 8). In HCT116 and RKO cells, the
mutations occur in the polyadenine tract and result in a
premature stop codon within thé [galf of the RIl message.
One possibility for decreased RIl mMRNA levels in HCT116
cells could be that the mutation within the RIl gene results
in reduced mMRNA stability and, in turn, a lower steady-state
level. The work reported here showed that mutant RII
transcripts in HCT116 and RKO cells had significantly
shorter half-lives than wild-type RIl transcripts in FET and
CBS4 cells, suggesting that the reduced RII mRNA levels
in RER" cells are due to decreased message stability.
Another possibility is that an additional mutation in HCT116
and RKO cells igrans acting for destabilizing Rl mRNA.
This factor would have to be specific because RI mRNA
levels and stability in HCT116 cell are quite similar to those
in FET cells. When HCT116 cells were transfected with a
wild-type RIl cDNA, wild-type RIl mMRNA had a longer half-
life than endogenous mutated RIl mMRNA, thus supporting
the hypothesis for &is acting regulation by the nonsense

wild-type transcripts. The RNA degradation system in
HCT116 cells may not distinguish the two with high fidelity.
(2) The transfected RIl cDNA is not exactly same as the
wild-type transcript: It lacks introns and therefore is not
subjected to any additional controls possibly involving
splicing. (3) A portion of wild-type transfected alleles of
stable insertion may be mutated in culture due to the presence
of the mismatch repair defects in these cells. A satisfactory
explanation of this issue awaits a better understanding of
the mechanism of mRNA degradation in mammalian cells.
When the CBS4 cells were stably transfected with a PaF-
RII dominant negative mutant, the mutant RIl mRNA
showed a similar half-life to wild-type mRNA. This
suggested that not just the presence of the premature stop
codon, but also the location of the stop codon within the
MRNA transcript which has a lond 8intranslated region,
influences the mRNA stability. Low levels of RNA from
genes in which frameshift mutations result in translation
termination in the 5half of a messenger RNA have been
reported in a number of mammalian systems including
human 3-globin 23, 29), murine immunogloblinu (30),
Rous sacroma virug{), and human triosephosphate isomerase
(24, 32). While it is tempting to evoke ribosomal involve-
ment in protecting a message from degradation, it is not clear
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what role translation has in determining message stability, Vogelstein, B. (1993ell 75 1215-1225.
since effects on both nuclear and cytoplasmic RNA metabo- 11. Parsons, R., Li, G.-M., Longley, M. J., Fang, W.-H., Papa-
lism have been reported2$, 24’ 25’ 31, 33) Such dOpOU'OS, N., Jen, J., de la Chapelle, A., Kinzler, K. W.,

. - . Vogelstein, B., and Modrich, P. (1998kll 75 1227-1236.
mechanisms may have been preserved during evolution to ;5 Wang, J., Sun, L.-Z., Myeroff, L., Wang, X.-F., Gentry, L.

prevent production of severely truncated proteins from E., Yang, J., Liang, J., Zborowska, E., Markowitz, S., Willson,
mutated genes. In the case of TBRII, this may provide J. K. V., and Brattain, M. G. (1995). Biol. Chem. 270
protection for surrounding tissues. A recombinant truncated 13 ?32034_‘228'4% Brattain b, E.. Fine. W. D.. Khaled. F. M
H H H . brattain, M. G., brattain, D. k., FIne, . D, aled, . M.,

TGF$ Rllde_ncodlng the eilntlre gxtracefllula:jdombaln has beend Marks, M. E., Kimball, P. M., Arcolano, L. A., and Danbury.
expressed in COS-_? cells and was foun to ea s_ecrete » B. H. (1981)Oncode. Biol. Med. 2 355-366.
soluble receptor which binds TGF: and TGFA3 with high 14. Brattain, M. G., Levine, A. E., Chakrabarty, S., Yeoman, L.
affinity (34). Thus, if the truncated mutant encoded in C., Willson, J. K. V., and Long, B. (1984}ancer Metastasis
HCT116 were expressed, it would be released into the - ';@-d& 1%77E19_1- A E. Bratiain. D, E. McKniaht. M. K

; . A ite i T . Boyd, D., Levine, A. E., Brattain, D. E., McKnight, M. K.,
envr:ronmenht Wg_ere it _coulci nheutrallze its II?and§ by l?lndlng and Brattain, M. G. (1988Fancer Resd8, 2469-2474,
to them. The disruption of the paracrine function of TGF- ¢ ilison, J. K. V., Bittner, G., Oberley, T., Meisner, G., and
s would interfere with the cell growth and differentiation Weese, J. (1987¢ancer Res. 472704-2713.
of the surrounding tissue. A cellular mechanism which 17. Glisin,V., Cvkvenjakov, R., and Byus, C. (19 RBipchemistry
degrades mutant mMRNA encoding severely truncated proteins 13, 2633-2637.

; ; 18. Wu, S. P., Theodorescu, D., Kerbel, R., Willson, J. K. V.,
may have evolved to protect cells from possible negative Mulder, K. M., Humphrey. L. E., and Brattain, M. G. (1992)

effects of mutant proteins. J. Cell Biol. 116 187-196.
19. Sun, L.-Z., Wu, G., Willson, J. K. V., Zborowska, E., Yang,
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