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Introduction

Two insulin receptor mRNAtranscripts resulting from alterna-
tive splicing of exon 11 in the receptor gene are expressed in a
highly regulated tissue-specific fashion. To date, there is no
information about the relative abundance of the protein iso-
forms encoded by these mRNAsin tissues of normal or diabetic
subjects. Weemployed an antibody raised against the peptide
sequence encoded by exon 11 to develop a specific immunopre-
cipitation assay that is capable of determining the fraction of
receptors that include this amino acid sequence. The assay is
based on the relative ability of the exon 11 specific monoclonal
antibody (aIRa) compared to a nonspecific anti-receptor anti-
serum (B-2) to immunoprecipitate solubilized receptors that
are first labeled with "25I-insulin. The assay was validated using
standard curves generated with samples composed of known
ratios of the two receptor isoforms. Our results in general con-
firm observations regarding the relative abundance of the two
mRNAspecies in human tissues, with marked predominance of
the exon 11 + isoform in liver, and the exon 11- isoform in
leukocytes. Similar amounts of both variants are present in
placenta, skeletal muscle, and adipose tissue. In studies with
this assay using skeletal muscle extracts from control and non-
insulin-dependent diabetes mellitus (NIDDM) subjects, as well
as in studies of the two mRNAsin control versus NIDDM
muscle using a quantitative polymerase chain reaction assay,
we could find no significant difference between control and dia-
betic subjects. This data contradicts a recent report claiming
that normal individuals have only the exon 11- mRNAtran-
script in their skeletal muscle, whereas NIDDMsubjects have
similar expression of both mRNAs. Given the emerging evi-
dence that functional differences exist between the two receptor
isoforms, these studies are relevant to our understanding of
insulin receptor function in health and disease. (J. Clin. Invest.
1992. 89:2066-2070.) Key words: insulin receptor * alternative
splicing - non-insulin dependent diabetes mellitus.
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Weand others have recently shown that the mRNAthat en-
codes the human insulin receptor is alternatively spliced in a
tissue-specific manner (1-3). Thus, a small "cassette" exon
(exon 1 1) encoding 12 amino acids at the carboxy-terminus of
the extracellular receptor a-subunit is included (Exl 1 +) or ex-
cluded (Ex 1 -) from the mature mRNA.As examples of this
highly regulated process, liver expresses predominantly the
Exl 1+ transcript, tissues such as cultured dermal fibroblasts
and placenta express both mRNAs, and hematopoietic cells
express only the Exl 1- transcript (1). The potential impor-
tance of this finding is underscored by the fact that the varying
pattern of tissue-specific mRNAexpression initially observed
in humans is also precisely conserved in the rat (4). More im-
portantly, emerging evidence indicates that the two encoded
receptor isoforms are functionally distinct (3, 5, 6). Although it
is possible that the steady state expression of the two receptor
isoforms follows the pattern of expression of the alternatively
spliced receptor mRNAs, there is currently no information
about the abundance of Exl 1- or Exl 1+ receptor protein.
Indeed, if the two transcripts were differentially translated, or
had different half lives, the relative amount of the two proteins
might not reflect the ratio of the two transcripts.

Therefore, the primary objective of the current study was to
determine the relative abundance of the two receptor protein
isoforms in various human tissues. Towards this end, we have
developed and applied a novel immunoprecipitation assay that
is capable of quantitating the relative abundance of Exl 1-
compared to Ex 1 I+ containing insulin receptors present in
small samples of human tissue.

A recent report claimed that an altered ratio of insulin re-
ceptor mRNAsplice variants exists in skeletal muscle from
patients with NIDDM (7). This study concluded that both
mRNAtranscripts are present in the muscle of diabetic sub-
jects, but that only the Exl 1- transcript is present in the mus-
cle of lean control subjects. In order to examine this crucial
issue, we have assessed the relative abundance of the two recep-
tor splice variants in skeletal muscle from normal subjects and
patients with NIDDMat both the mRNAand protein levels.

Methods

Materials. Humanbuffy coat leukocytes were isolated from heparin-
ized whole blood as previously described (1). Humantissue samples of
liver and white adipose tissue (omental) were obtained during elective
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surgery from normal subjects. Humanplacenta was obtained during a
cesarian section performed on a normal subject. Samples of skeletal
muscle (rectus abdominus) that were obtained from subjects previously
characterized as lean normal, obese nondiabetic, and obese non-insu-
lin-dependent diabetes mellitus (NIDDM)' (8) were kindly provided by
Dr. Jose F. Caro (East Carolina University School of Medicine, Green-
ville, NC). Total skeletal muscle (vastus lateralis) RNAsamples that
were prepared from muscle biopsies obtained from subjects previously
characterized as lean normal and NIDDM(9) were kindly provided by
Dr. Oluf Pedersen (Steno Diabetes Centre, Gentofte, Denmark) and
Dr. Barbara B. Kahn (Beth Israel Hospital, Boston, MA). Informed
consent was obtained from all human subjects. Clonal Chinese hamster
ovary (CHO) cell lines over-expressing similar numbers of normal hu-
man insulin receptors including (CHO-Ex 1 +) or excluding exon I 1
(CHO-Exl 1-) were prepared and maintained as previously de-
scribed (5).

A monoclonal antibody (aIRa) was raised against the peptide se-
quence corresponding to the residues encoded by insulin receptor exon
11. This antibody and the immunizing peptide (CPRKTSSGTGAED)
were kindly provided by Dr. Laurel J. Sweet (California Biotechnology
Inc., Mountain View, CA). A naturally occurring human IgG anti-in-
sulin receptor antisera (B-2), which we have previously characterized
(10), was also employed.

['25I]mono-iodinated porcine insulin (2200 Ci/mmol) was obtained
from DuPont-New England Nuclear, Boston, MA. Immobilized pro-
tein-A on Trisacryl GF-2000 was obtained from Pierce Chemical Co.,
Rockford, IL. Thermus aquaticus (Taq) DNApolymerase was ob-
tained from Perkin-Elmer Cetus Instrs., Norwalk, CT. Unless other-
wise stated, all other chemicals were obtained from Sigma Chemical
Co., St. Louis, MO.

Dual antibody immunoprecipitation assay. Confluent monolayers
(10-cm dishes) of transfected CHOcells were solubilized in 5.0 ml of a
lysis buffer containing 50 mMHepes, 1%Triton X-100, 4 mMEDTA,
0.1 mg/ml Aprotinin, and 0.35 mg/ml PMSF. Frozen human tissue
samples (100 mg) were pulverized while still frozen, followed by rapid
homogenization in 0.5 ml of the lysis buffer above. After 40 min at 4°C
(with gentle agitation), insoluble material was removed by centrifuga-
tion for 15 min at 10,000 g.

For samples that were subsequently immunoprecipitated with
aIRa, 10 Ml of each cell or tissue lysate containing solubilized insulin
receptors was incubated at 4°C for 15 h with 400 Ml of Krebs-Ringers-
Hepes ([KRH] [50 mMHepes, pH 7.6; 1.3 mMMgSO4; 1.3 mM
CaCI2; 5.1 mMKCl; 130 mMNaCI; and 0.1% bovine serum albumin])
with 0.1 MCi 125I-insulin. After the addition of 1.6 MgaIRa (final dilu-
tion 1:200), each sample was incubated at 4°C for 3 h. Protein-A Trisa-
cryl suspension (100 Ml) was then added at a concentration adequate to
precipitate all of the IgG. After a 30-min incubation (with gentle agita-
tion) at 4°C, the immune complex was pelleted by centrifugation in a
microfuge. The pellet was washed twice with ice-cold KRH and
counted in a gammacounter. Background counts per minute were
determined with samples to which 10'- Mof cold insulin had been
added to the lysate during the binding step.

For samples that were subsequently immunoprecipitated with B-2,
an equal volume of cell/tissue lysate was incubated at 4°C for 15 h with
200 Ml of KRHcontaining 0.025 MCi of '251-insulin. B-2 antisera was
added to a final dilution of 1:200 followed by 1 h incubation at 4°C.
Immunoprecipitates were collected, washed, and quantitated as de-
scribed above.

Quantitative RNA-based polymerase chain reaction (PCR). Total
RNAextracted from human placenta and transfected CHOcells as
previously described (1) was used as controls for PCRexperiments.
Three oligonucleotide primers complementary to sequences flanking

1. Abbreviations used in this paper: CHO, Chinese hamster ovary;
NIDDM, non-insulin-dependent diabetes mellitus; PCR, polymerase
chain reaction.

the segment of the human insulin receptor cDNA corresponding to
exon 11 were employed: 5'-TCCTGCAGTTGGACGGTGGTA-
GACA-3' (A-sense), 5'CCGAATTCGTGGGCACGCTGGTCGA-3'
(B-antisense), and 5Y-ATCTGCAGAAGCACAACCAGAGTGA-3'(C-
sense). Specific first-strand cDNAwas synthesized using M-MLV re-
verse transcriptase (Bethesda Research Laboratories, Gaithersburg,
MD) with primer B and 5 Mg (0.1 Mg for RNAfrom CHOcells) of total
RNAas previously described (1). Insulin receptor cDNAwas amplified
in PCRreactions with primer sets A/B and C/B that included [a- 32pJ-
dCTP (3,000 Ci/mmol) as described (1). 32P-labeled cDNAPCRprod-
ucts were separated by agarose gel electrophoresis followed by quantita-
tion as described (1).

Results

Validation of a quantitative immunoprecipitation assay. To
study the relative expression and tissue distribution of the two
alternatively spliced human insulin receptor isoforms at the
protein level, we developed a quantitative immunoprecipita-
tion assay using an exon 11-specific antibody (aIRa) and a
nonspecific anti-insulin receptor antisera (B-2). Cell lysates
prepared from CHOtransfectants that overexpress exclusively
the Ex 1 - or Ex 11 + insulin receptor were used as controls (5).
Wedetermined that similar numbers of insulin receptors were

expressed by CHO-Ex1 1- and CHO-Ex11 + clonal cell lines
using Scatchard analysis of steady state competitive insulin
binding experiments (not shown). Initial experiments revealed
that aIRa specifically immunoprecipitated 125I-insulin-labeled
receptors from lysates of CHO-Exl 1+ cells (357±6 cpm/Ag
protein), but did not immunoprecipitate labeled insulin recep-
tors from CHO-Exl 1- cell lysates (18.5±4.7 cpm/,Og protein)
with similar receptor concentration. The immunoprecipitation
of insulin receptors from CHO-Exl 1 + cell lysates by aIRa was
completely competed by the addition of an excess of the immu-
nizing peptide (5.5±1.1 cpm/,gg protein). Immunoprecipita-
tion with either antibody was quantitative-a second round of
immunoprecipitation yielded less than 10% additional specific
cpm (not shown). Using variable amounts of cell lysates, im-
munoprecipitation of labeled receptors with each antibody was
linear over the range of counts per minute obtained with the
subsequent analysis of human tissue samples. The experimen-
tal procedure was adjusted to achieve the following controlled
conditions: when using the antibody directed against the exon
11 peptide (aIRa), the number of counts per minute specifi-
cally immunoprecipitated from CHO-Exl 1 + cell lysates was
equivalent to the specific counts per minute immunoprecipi-
tated with B-2 from equal volumes of either CHO-Ex 1 I + or
CHO-Exl 1- cell lysates.

For each experiment performed with human tissues, a stan-
dard curve was generated using samples composed of known
varying ratios of CHO-Exl 1- and CHO-Exl 1 + cell lysates.
As shown in Fig. 1, a linear relationship between the relative
amount of Ex 1 + receptors present in the mixed control cell
lysates and the ratio of counts per minute immunoprecipitated
with aIRa vs. B-2 was observed.

Relative abundance of Exl - and ExJ J + insulin receptor
protein in human tissues. Aliquots of tissue lysate obtained
from human buffy coat leukocytes, liver, white adipose tissue,
skeletal muscle, and placenta were labeled with '25I-insulin and
immunoprecipitated separately with aIRa antibody or B-2 an-
tibody. The ratio of labeled receptors immunoprecipitated with
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1.0 Figure 1. Standard
curve for insulin recep-

o.on tor isoform immuno-
precipitation. Protein

E t 0.6 - lysates were prepared
*~l ) r-0.98 from CHOcell transfec-

GA0.4 tants expressing human
0 / insulin receptors with

(CHO-Exll+) exon 11
or without (CHO-

/.0 Exl l-) exon 11 at sim-
0.0 0.2 0.4 0.6 0.8 1.0 ilar levels. These two

CHO11, / CHOTOTAL cell lysates were com-
(CELL LYSATE) bined together at several

fixed ratios followed by labeling with '25I-insulin and immunopreci-
pitation with either an exon 11-specific antibody (aIRa) or a
non-specific anti-insulin receptor antisera (B-2). For each ratio tested,
the total (B-2) immunoprecipitated cpm were equivalent (not shown).
The relative amount of lysate from CHO-Ex1 I + cells (CHO 1 1+/
CHOTotal) and the corresponding ratio of cpm immunoprecipitated
with aIRa (cpm Exl l+)/total cpm immunoprecipitated with B-2
(cpm total) are shown. Each point is the mean (±SEM) of three de-
terminations.

the two antibodies was determined, and the percentage of insu-
lin receptors containing exon 11 was derived from the standard
curve generated for each experiment. The relative abundance
of Exl 1 + receptors differed between the tissues studied. As
summarized in Table I, the pattern of tissue-specific protein
isoform expression generally correlates with the characteristic
tissue-specific pattern of expression for the two receptor
mRNAtranscripts (1-3). In agreement with the absence of
Ex 1 + mRNAin hematopoeitic cells, we were not able to de-
tect any Exl 1 + receptor protein in leukocytes. Given the range
of ratios tested in our standard curves, it is still possible that
leukocytes do express Ex 1 + protein in very small amounts
relative to the Ex 1- isoform.

In tissues where both receptor variants are expressed, our
ability to accurately quantitate the relative abundance of the
two isoforms is complicated by the small difference in insulin
binding affinity (Exl 1- > Exl 1+) that is known to exist (3, 5).
Since receptors were labeled by binding to '25I-insulin, it is
possible that our determination of the relative amount of
Exl 1 + receptors was slightly lower than the actual abundance.

In a tissue such as muscle, where we calculate a value of - 50%
Ex 11 + receptors, the actual value would correct to 67%assum-
ing a twofold difference in steady state tracer binding affinity.
This factor may therefore account for the modest discrepancy
between relative mRNAand protein expression that we have
observed in tissues such as muscle or liver. Another factor that
could contribute to this discrepancy in muscle is the fact that
vastus lateralis was used for RNAstudies, whereas rectus ab-
dominus was used for studies of receptor protein.

Insulin receptor isoform expression in skeletal musclefrom
NIDDMsubjects. The relative expression of insulin receptor
splice variants in skeletal muscle was determined at both the
RNAand protein levels. Total RNAextracted from vastus la-
teralis skeletal muscle biopsies from lean normal (n = 7) and
NIDDM(n = 5) subjects was reverse-transcribed followed by
PCR-amplification of cDNA with two primer sets flanking
exon 11 (A/B, C/B). As shown in the example presented in Fig.
2, PCRwith either primer set from all RNAsamples resulted in
two specific bands corresponding to the presence (721 bp with
A/B, 300 bp with C/B) or absence of exon 11 (685 bp with A/B,
264 bp with C/B). Quantitation of the relative amount of 32p_
labeled PCRproduct corresponding to the Ex 1 I + vs. Ex I 1-
transcripts was expressed as the percentage of Ex 11 + PCRprod-
uct vs. the total. Wehave previously validated these methods
by demonstrating accurate quantitation of steady state mRNA
levels using standard curves composed of known mixed
amounts of the two transcripts present in total RNA from
CHOcell transfectants (1). With primer set A/B the mean
(±SEM) percentage of Ex 11 + mRNAwas 77.7±8.8 for control
samples compared with 78.7±5.6 for NIDDMsamples. With
primer set C/B the values were 75.9±6.6 and 76.9±6.7 for con-
trols and NIDDMsubjects, respectively. Thus, no difference in
the relative abundance ofthe two mRNAtranscripts was appar-
ent in skeletal muscle RNAfrom control versus NIDDMsub-
jects.

The relative abundance of insulin receptor protein isoforms
was determined with a separate group of rectus abdominus
skeletal muscle samples from subjects well characterized as
lean normal, obese non-diabetic and obese NIDDM (n = 5
each). Tissue lysates were prepared from each muscle sample
and assayed in multiple experiments using the immunoprecipi-
tation assay described above. The total amounts of 1251-labeled
insulin receptors immunoprecipitated with B-2 antibody

Table I. Relative Abundance of Alternatively Spliced Insulin
Receptor Protein and mRNAIsoforms in Human Tissues

Tissue %Ex I 1+ Protein* %Ex 11+ mRNA

Liver 75.8±12.6 85-90$
Skeletal muscle 45.2±3.4§ 781
Leukocyte 0 0t
Adipose tissue 62±22 28-70t
Placenta 39±13.2 45-50*

* The percentage of Ex 11 + containing insulin receptors was quan-
titated using the dual antibody immunoassay described in the present
study. Unless otherwise noted, each value is the mean of three exper-
iments, each performed in triplicate. * The percentage of Exl 1 + in-
sulin receptor mRNAis derived from the range of data reported by
Moller et al. (1), and Seino and Bell (2). 1 Mean of 15 subjects; see
Fig. 3. 1l Mean of 11 subjects in present study; see Fig. 2 and Results.

/A Figure 2. PCRamplifi-
(1 cation of alternatively

11+ 11 i CONTROL NlIDM spliced insulin receptor
mRNAtranscripts. In
this example, total cel-

685 bp lular RNAfrom CHO
cell transfectants ex-
pressing human insulin
receptors with exon 11

( 1 +) or without (I1-) exon 1 1, human placenta, and skeletal muscle
(vastus lateralis) from two control subjects and two NIDDMsubjects
was reverse-transcribed with a specific oligonucleotide primer (primer
B, see Methods) followed by PCRamplification of first-strand cDNA
with one of two primer sets used (primers A and B, see Methods). This
ethidium bromide stained 1.7% agarose gel reveals the expected spe-
cific 721 and 685 bp PCRproduct DNAfragments corresponding to
the presence or absence, respectively, of exon 11 in the starting
mRNA.For muscle from each of the four subjects shown here, both
PCRproducts were visible on the original gel.
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80 Figure 3. Relative
abundance of exon 11 +
containing insulin re-

60 . ceptor protein in human
_ * skeletal muscle samples.

z Tissue protein lysates
0 40 + (0.5 ml) were prepared

* from skeletal muscle
Be (100 mg, rectus ab-

20 dominus) obtained from
lean control, obese
non-diabetic, and obese

0 NIDDMsubjects (n
= 5, each). Insulin re-
ceptors contained

within 10 1l of tissue lysate were labeled with '251I-insulin followed by
immunoprecipitation with either an exon 11-specific antibody (aIRa)
or a non-specific anti-insulin receptor antisera (B-2). Results are ex-

pressed as the percentage of insulin receptors containing exon 11
(percentage of exon 1 1), which is derived from the ratio of cpm im-
munoprecipitated with aIRa/cpm immunoprecipitated with B-2.
Each point represents the mean value for a single subject measured
in three or more experiments (each in triplicate). The mean for each
group of subjects is shown as a horizontal bar.

yielded results that are consistent with the data published by
Caro et al. (1 1) in a study of very similar patients. A modest
decrease in insulin receptor number in skeletal muscle in sub-
jects with obesity and NIDDMwas observed. The mean value
for lysates from normal controls was 4,821+492 cpm/mg pro-
tein versus 3,725±301 from obese nondiabetic subjects, and
3,089±120 from NIDDMsubjects. The relative abundance of
protein isoforms was expressed as the percentage of Ex 1+
receptors precipitated versus the total. Mean values for each
subject are shown in Fig. 3. The mean of the percentage of
Exl 1+ in lysates from lean normals was 39±5 compared to
47±6 for obese nondiabetics, and 49±7 for obese NIDDMsub-
jects.

Discussion

Over the past 20 years, investigators have studied the role ofthe
insulin receptor in mediating the important actions of insulin.
Recently, it has become apparent that two receptor mRNA
transcripts (containing or excluding exon I 1) are expressed at
characteristic tissue-specific ratios as a result of alternative
splicing (1-3). To date, a limited functional assessment of the
two encoded insulin receptor isoforms has been performed
through parallel studies of transfected cell lines expressing ei-
ther cDNA species (3, 5, 6, 12). These studies reveal that al-
though both receptor isoforms are active as tyrosine kinases
and have the ability to signal various intracellular pathways (5,
12), the two receptors differ functionally in at least two ways.
Thus, there are significant differences in ligand binding affinity
(3, 5, 12) and the internalization kinetics of the two species
differ as well (5, 6).

In this report, we have provided the first information on the
relative distribution of the two receptor species in human tis-
sues. Using appropriately controlled conditions and standard
curves based on varying known ratios of the two isoforms, we
have developed an immunoprecipitation assay that is an accu-
rate means for determining the relative abundance of Ex 1 -

vs. Ex 1 1 + insulin receptors in small amounts of human tissue

(. 1-2 mg). The results indicate that the tissue-specific pattern
of receptor protein isoform expression generally correlates well
with the previously described pattern of mRNAtranscript ex-
pression (1-3). Thus, as predicted by the absence of Exi 1 +
mRNAin leukocytes, we detected no Exi 1 + protein in this
tissue. Similarly, the predominance of the Ex 1 + mRNAin
liver is reflected in the assessment of protein abundance.

It is not known whether the two receptor proteins can be
packaged as hybrid heterodimers or exist only as homodimers.
In a situation where the steady state levels of the two mRNAs
are equal, assuming that each transcript is translated with equal
efficiency and that the turnover rate of the two proteins is com-
parable, random sorting of half-receptors would be expected to
result in a higher proportion of holoreceptors containing at
least one Ex 1 + half-receptor. Using our current approach, we
were not able to address these important issues. Additional
studies will be required to directly assess the translation of the
two transcripts, the turnover rate of the two proteins and the
potential for receptor hybrid formation.

It is intriguing to speculate that changes in the relative ex-
pression of the two insulin receptor isoforms could somehow
contribute to in vivo insulin resistance. Apart from several mu-
tations in the insulin receptor gene which we and other groups
have identified in patients with severe insulin resistance (13),
little is known about the molecular basis for observed decreases
in receptor number (14) and impairment of insulin-stimulated
receptor autophosphorylation and/or tyrosine kinase activity
(15) in tissues derived from human subjects with common in-
sulin resistant states (obesity and NIDDM). Based on current
knowledge, it seems unlikely that variation in the primary
structure of the insulin receptor is common in patients with
such disorders (16, 17). Using a PCRapproach, Mosthaf et al.
have recently reported that skeletal muscle RNAfrom normal
nondiabetic subjects contains only the Exl 1- mRNAtran-
script, whereas muscle RNAsamples from NIDDMsubjects
contain both mRNAspecies (7). This finding is at odds with
our previous assessment of the abundance of the two mRNAs
in skeletal muscle from two normal subjects (1), and with a
prior report by Mosthaf et al., where two PCRproducts corre-
sponding to the presence of both mRNAsin muscle from a
normal subject are depicted (3).

Wehave now employed an RNA-based radiolabeled PCR
product assay which we previously validated using standard
curves to be quantitative over a range of known ratios of the
two mRNAtranscripts (1). Using two PCRprimer sets, our
current results again indicate that both mRNAtranscripts are
present (with Exl 1+ predominating) in skeletal muscle (vastus
lateralis) obtained from a group of nondiabetic and NIDDM
subjects. Moreover, the results with both primer sets agree, and
we can detect no significant differences between NIDDMand
control subjects. As a completely independent experimental
approach to this issue, we analyzed the relative abundance of
the two protein isoforms in skeletal muscle samples from an-
other anatomic location (rectus abdominus), obtained from a
different patient population. It is clear from our results that
both receptor isoforms are expressed in the skeletal muscle of
lean normals, obese nondiabetics, and obese diabetics. In addi-
tion, we were not able to detect significant differences in the
relative abundance of receptor isoforms between the three
groups of subjects tested. Further studies using a larger number
of tissue samples will be needed to determine whether the
slightly higher mean percentage of Exl 1+ receptors in obese
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nondiabetics and obese NIDDMevident in Fig. 3 represents a
significant quantitative difference between these groups.

There are several potential explanations for the discrepancy
between our findings and those reported by Mosthafet al. First,
the source and condition of skeletal muscle differed in the two
studies; we used biopsied vastus lateralis and rectus abdom-
inus, whereas they studied samples of gastrocnemius obtained
after limb amputation for vascular disease (7). Second, their
results are based on the use of a single PCRoligonucleotide
primer set, and no standard curve with samples of varying
known composition was reported to validate their PCRap-
proach. It is possible that small differences between their con-
trol and NIDDMsamples could have been markedly accen-
tuated over 40 cycles of PCRby a difference in the efficiency
with which each of the two competing cDNA templates were
amplified. An internal standard curve is essential to rule out
such a possibility.

In summary, several aspects of this study are worthy of
note. First, using a new immunoprecipitation assay, we have
provided the first available information, in any species, on the
relative steady state expression of the two known protein iso-
forms of the insulin receptor in a variety of tissues (see note
added in proof below). At first approximation, these data indi-
cate that the tissue expression of the two proteins parallels ear-
lier observations at the mRNAlevel. This is most obvious in
tissues that display extreme variations at the mRNAlevel (e.g.,
liver and leukocytes), but also holds true in tissues with reason-
able amounts of both transcripts, such as muscle and fat. Sec-
ond, these data controvert the recent provocative observation
of Mosthaf et al. (7) who noted a marked disparity between
normal and NIDDMsubjects with respect to the abundance of
the two mRNAtranscripts in muscle. Specifically, we have
been unable to distinguish between controls and diabetics with
respect to Ex 11+ receptor abundance at the mRNAlevel,
which they assessed, or at the protein level. At this time, it
cannot be answered whether the difference between these two
studies represents heterogeneity of patient populations, the
source and condition of muscle preparations, or the methodolo-
gies employed. Based on our data, we are confident that both
normal and NIDDMsubjects express similar amounts of the
two receptor isoforms in the muscles that we have examined.
Future investigation will be required to identify potential sub-
tle quantitative differences that might exist. Given the fact that
the two receptor isoforms are functionally distinct, further pur-
suit of this issue may be warranted.

Note added in proof: Since the submission of this paper, a study by
Sesti et al. (Diabetes. 41:6-11. 1992) was published that used human
polyclonal anti-insulin receptor IgG to demonstrate that Ex I 1 + is the
predominant receptor isoform present in human liver.
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