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Effects of Butyrate on the Erythropoietin Receptor of Cell Line IW201
By Olivier Hermine, Yi Jie Dong, and Eugene Goldwasser
The murine erythroleukemic cell line, IW201, normally expresses onlylow-affinity erythropoietin receptors. Exposure
of these cells for 48 hours to sodium butyrate results in a
change in receptor kd from about600 pmol/L to 100 to 200
pmol/L. This changein affinity isaccompanied by downregulation of both receptor number and receptor mRNA. Cells
exposed to sodium butyrate for 2 hoursshow asimilar

change in kdbut no changein receptor number. The butyrate
effect on kdat 2 hours is abrogated by either cycloheximide
or actinomycin D. These data indicatethat an accessory protein induced by sodium butyrate is responsible for high-affinity binding of erythropoietin.
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butyrate (ICN Pharmaceuticals Inc, Plainview, NY) where present
was added to a final concentration of 2 mmol/L. Cycloheximide and
actinomycin D (both from Sigma) where present were added to a
final concentration of 100 pmoVL and 4 pmol/L, respectively. These
additions were made 3 hours before 2 mmom sodium butyrate was
added to the cells.
Radioiodination of epo. Radioiodination was performed according to Fracker and Speck.I4In brief, 0.5 pg of human recombinant epo (Amgen, Inc, Thousand Oaks, CA) and 200 pCi of NatZ5I
(Amersham Corp, Arlington Heights, IL) were added to a micro
sample vial (American Scientific Products, McGaw Park, E)coated
with 10 pg of Iodo-gen (Pierce Chemical CO, Rockford, IL). The
mixture was left at 22°C for 30 seconds, then transferred to a tube
containing 200 pL of KI (10 mg/mL in 0.5 phosphate buffer pH
7.0) and 300 pL of column buffer (0.1 m o m phosphate, 0.1 m o m
NaCI, 0.05% gelatin) with 3 mmoVL sodium thiosulfate, and lZ5Iepo was separated from free iodide on a G-25 column. The specific
activity of the iodinated epo was 50 pCiIpg, equivalent to 2 atoms
of iodine per epo molecule.
Binding assay. Equilibrium binding of epo to W201 cells was
performed in triplicate, in polypropylene tubes (5 mL) containing 3
to 5 X IO6 cells, 0.01 to 2.0 nmom lZSI-epo,with or without a 100fold excess of unlabeled epo. The incubation medium was DMEM
and 1% bovine serum albumin, and the total volume was 100 pL.
Samples were incubated for 1 hour at 37°C withintermittent shaking.
The whole sample was transferred to a 1.5-mL Eppendorf tube containing 0.5 mL of dibutylphthalate, centrifuged for 1 minute at
15,OOOg, and immediately frozen in liquid nitrogen. The tip with the
cell pellet was cut off and radioactivity was determined in a gamma
counter. Specific binding was defined as the amount of labeled epo
displaceable by a 100-fold excess of unlabeled epo. Nonspecific
binding ranges from 10% to 45% of total binding depending on the
experiment. Within a single experiment it varies about threefold.
Apparent kd values and X-intercepts were determined by regression
analysis of the Scatchard plots.
The use of 37°C without azide was justified by our measurement
of internal versus external epo after 1 hour of incubation. The cells
were incubated with ‘251-ep0 for 1 hour and then washed with 3%
NaClatpH3.0
for 1 minute to remove epo that hadnot been

RYTHROPOIETIN (epo), the primary regulator of
erythropoiesis, acts via specific receptors (epo-R) on
erythroid progenitor cells.’ Though human and murine epoR cDNAs and genes have been cloned:” little is known
about the higher-order molecular structure or signal transduction mechanisms of the epo-R. Specific binding of epo
has been found on cells of erythroid lineages, including erythroid progenitor spleen cells of mice infected by the Friend
virus:
and human erythroleukemias: and cells
from fetal liver,” among others.
The number of receptors per cell is variable, being in the
range of 20 to 1,OOO per cell. Two affinity classes of the
epo-R have been found: one with apparent kd values of 300
to 700 pmoVL and one of higher affinity with kd values in
the range of 10 to 100 pmoVL. In general, cells inwhich
epo affects both proliferation and differentiation have both
classes of receptor, whereas cells that respond onlyby
growth or that do not respond (such as MEL cells) have only
low-affinity epo-Rs. The murine epo-R cDNA derived from
an MEL cell library when transfected into transformed monkey kidney cells (COS) effects the expression of both lowand high-affinity receptors.’ These results suggest that a second subunit or an accessory protein, endogeneous to COS
cells, confers highaffinity on the transfected low-affinity
epo-R. Recent results from this laboratory confirmed the
existence, in Chinese hamster ovary cells, of an accessory
factor that can convert low-affinity epo-R to high affinity.”
The erythroleukemic cell line IW201 used in this study
was isolated from the spleens of mice injected with the complete Friend murine leukemia virus (anemia strain).” These
cells have the phenotype of proerythroblasts but are not responsive to epo although they express low-affinity receptors.
Exposure to butyrate or hemin causes W201 cells to synthesize increased a-globin mRNA but not &globin mRNA or
hem~globin.’~
In this report we confirm that IW201 cells have epo receptors of low affinity. We also show that butyrate causes downregulation of both the epo-R, and its mRNA, and a switch
of receptor affinity from low to high affinity. This change
in affinity is dependent on transcription and protein synthesis, and appears to be caused by a new protein expressed in
the induced cells. We suggest that this new protein is the
accessory protein inferred from the earlier experiments.
MATERIALS ANDMETHODS
Cell culture. W201 cells were grown in Dulbecco’s modified
Eagle’s medium (DMEM) (Sigma Chemicals, St Louis, MO) supplemented with 5% fetal calf serum (GIBCO, Grand Island, NY). Cells
were seeded at 2 X 1 6 cells per mL in Nunc T-25 flasks (Scientific
Supply, Schiller Park, IL) and passed every 5 to 6 days. Sodium
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Fig1. Effect of butyrate onreceptorbinding of epo.Scatchard
plot of binding data using IW201 cells. (A) (0)Control cells; (B) (0)
cells exposed to 2 mmol/L sodium butyrate for
48 hours. Bound refers
to specific bindingin femtomoles.

internalized, and cellular radioactivity was measured. We found that
cells washed at low pH containedabout 7% of theradioactivity
found in control cells.
RNA isolation and Northern blot analysis. TotalcellularRNA
was isolated by the method of Chirgwin et all' and electrophoresed
on 1 % agarose (Bethesda Research Laboratories, Gaithersburg,MD)
gel containing 2.2 m o m formaldehyde. The size-fractionated RNA
was then transferred to GeneScreenPlus filters (E.I. du Pont de Nemours &CO,Inc, Wilmington, DE). Murine epo-R and actin orhexokinase mRNAs weredetectedbyhybridizationtonick-translated
probespreparedby
using 32PdCTP (400 Ci/mmol)anda
nicktranslation kit, both from Amersham.

plot from binding data is shown inFig 2; the number of
receptors did not change significantly, being 290 per cell. In
contrast, the affinity of the receptor was increased, with an
apparent kdof 120 pmoVL (95% confidence limits 150 to
350, R = .92), in contrast to the control cells.
Although the fact that butyrate was able to cause a change
of epo-R affinity within 2 hours might suggest a direct effect
on the existing receptors, an indirect effect due to the synthesis of a new protein induced by butyrate could not be ruled
out. Indeed, it has been shown that butyrate is able to induce
the synthesis ofnew transcripts in rat islet cells within 30
minutes." Therefore, we repeated the same experiment in the
presence of actinomycin D or cycloheximide. The Scatchard
plots from a typical experiment are shown inFig 2. Both
inhibitors blocked the appearance of higher-affinity receptors. The cells treated with both butyrate and cycloheximide
had 340 receptors per cell with an apparent kd of 410 pmol/
L (95% confidence limits of 350 to 490, R = .99). Those
treated with butyrate and actinomycin D had 610 receptors
per cell with an apparent kd of 850 pmoVL (95% confidence
limits of 810 to 870, R = .99). The data from representative
experiments are summarized in Table I . These data argue
strongly for the requirement for new synthesis ofmRNA
and protein preceeding the change of affinity during butyrate
induction.
epo-R mRNA expression during erythroid differentiation.
Because of the significant decrease in receptor number after
butyrate treatment we examined the expression of the epoR mRNA in these cultured IW201 cells. The cells were
cultured for periods from 1 to 24 hours with or without
2
mmoVL sodium butyrate, RNA extracted, and the relative
amounts of epo-R mRNA evaluated by the Northern blot
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RESULTS

In a large number of experiments we have amply confirmed the finding that IW201 cells express only low-affinity
receptors binding 1251-epo with kdvalues ranging from 300
to 800 pmoVL, with about 300 to 400 receptors per cell."
A typical Scatchard plot of IW201 binding is shown in Fig
1A; in this experiment the regression line yields an apparent
kd of 620 pmoVL (95% confidence limits 480 to 880) and
370 receptors per cell (the regression coefficient R was .97)
in agreement with our earlier findings."
Binding characteristics of IW201 cells incubated in the
presence of 2 mmoyL sodium butyrate for 48 hours were
studied. The Scatchard plot (Fig 1B) shows a marked decrease in the number of receptors (100 per cell). Surprisingly,
the affinity of the epo-R was altered so that there was a
single class of higher affinity receptors with an apparent kd
of 120 pmoVL (95% confidence limits 75 to 330, R = 38).
This finding raised the possibility of a direct effect of
butyrate on the cell membrane, which might explain the
change of affinity. Therefore, we repeated the same experiment, but after only 2 hours of incubation. The Scatchard
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Fig 2. Abrogation of butyrate effect on binding by cycloheximide
and actinomycin.IO) Binding by IW201 cells after 2 hours of exposure
to 2 mmol/Lsodiumbutyrate; IO) cells treated with 100 pmol/L
cycloheximide for 3 hours before sodium butyrate 12 mmol/L) was
added; ( x ) cells treated with 4 pmol/L actinomycin D for 3 hours
before butyrate was added. Bound refers
to specific bindingin femtomoles.
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INDUCTION OF HIGH-AFFINITYEPORECEPTORS

method. The results (Fig 3) show a definite decrease in epoR mRNAby 6 hourswhen the control actinmRNA was
unchanged. By12 hoursand later bothepo-Rand
actin
mRNAs were decreased. Because of the change in actin
mRNA, we repeated the experiment using hexokinase
mRNA to normalize the Northern blot. It too decreased during the first 24 hours of incubation of the cells in the presence
of butyrate but not after that (data not shown). The epo-R
mRNA decreased in the next 24 hours when the hexokinase
mRNA did notchange. These data indicate that thedownregulation of epo-R because of butyrate is at least in part at the
mRNA level. The cells respond to butyrate with respect
to the lower affinity epo-R by decreased expression while
increasing the expression of the accessory protein that increases the affinity of the receptor.
DISCUSSION

There is, of course, precedent for the role of accessory
proteins in increasing the affinity of receptors as shown for
the receptors for the interleukins (IL)-2," -3," -5,'" and -6"'
and granulocyte-macrophage colony-stimulating factor.*' In
the case of IL-6 the accessory protein analagous to the one
we describe here was found to be the glycoprotein gp130.
We have used a probe for that gene product and found no
signal by Northernblot
in RNA from butyrate induced
IW201 cells (data not shown), suggesting that the signaltransducing protein, gpl30, which converts the low-affinity
IL-6 receptor to high affinity is notresponsible for the butyrate-induced high-affinity epo-R. In a recent report Nagao
et al'2 showed that tunicamycin treatment of cells expressing
both low- and high-affinity epo-R results in expression of
only high-affinity receptors. These investigators suggest that
an accessory protein is responsible for this effect.
We conclude from these observations that in IW201 cells
sodium butyrate causes the induction of a new protein that
alters the affinity of the epo-R to that approximating the kd
found on cells that differentiate in response to epo. This
induction is fairly rapid and is followed by downregulation
of the expression of the epo-R. We do not know whether
there is any causal relationship between these two effects of
sodium butyrate. The induction, in IW20I cells, of the putative accessory protein by sodium butyrate may, by use of
subtractive hybridization, provide a method to clone the pu-

Table 1. Effect of Butyrate on the Affinity of the epo-R
95%

kd (pmolR)

Confidence
Limits

Control
Butyrate
treatment 48 h
Butyrate
treatment 2 h
Butyrate 2 h +

620
.97

480-880

120

75-330

.88

100

210

150-350

.92

290

cycloheximide
Butyrate 2 h +
actinomycin

410

350-490
340

.99

850

810-870

.99
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Fig 3. Butyrate causes downregulation of epo-R mRNA. (A) RNA
from IW201 cells was extracted at 0, l,6, 12, and 24 hours after
addition of sodium butyrate. The Northern blot wasprobed with endlabeled epo-R cDNA. (B) The same blot was stripped and probed with
an actin cDNA.
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tative accessory protein. These experiments are now in progress.
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