
Systemic allergy to endogenous insulin during
therapy with recombinant DNA(rDNA) insulin
Linda Alvarez-Thull, MD*; Lanny J Rosenwasser, MD†; and Todd D Brodie, MD*

Background: Clinically significant allergic reactions with insulin therapy are
known to occur. There have been rare reports of allergic reactions to endogenously
secreted insulin manifested as insulin resistance. No reports of systemic or local
allergic reactions to endogenous insulin have previously been cited, and no immu-
nologic reactions to endogenous insulin have been reported during therapy with
recombinant(rDNA) insulin.

Methods: We report a case in which the patient, a 28-year-old black woman who
initially presented with gestational onset diabetes but postpartum continued to
require insulin, developed generalized allergic reactions during therapy with sub-
cutaneously injected rDNA insulin. Similar reactions occurred with sulfonylurea
therapy. She was unable to tolerate any pharmacologic therapy for diabetes without
concurrent use of at least 10 mg of prednisone per day.

Results: Skin testing with the insulin preparations were positive, while skin
testing to the sulfonylurea hypoglycemic agents were negative. IgE antibodies to
insulin where present in high titer. Oral challenge to sulfonylurea hypoglycemic
agents produced generalized urticarial reactions coinciding with time of peak insulin
secretion. Oral challenge to other medications containing sulfa produced no adverse
reaction. Biphasic hypersensitivity reactions occurred during attempts at desensiti-
zation which were futile without simultaneous glucocorticoid therapy.

Conclusions:This is the first report of local and systemic allergic reactions to
endogenously secreted insulin in association with rDNA insulin therapy. Although
immunologic complications with rDNA therapy appear less frequently than with
other insulin preparations, this case illustrates the need for continued awareness for
potential allergic complications occurring with rDNA insulin therapy.
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INTRODUCTION
Clinically significant immunologic re-
actions to exogenous insulin have been
reported extensively.1–5 Among the
various antibody-mediated reactions to
exogenous insulin are local cutaneous
reactions, systemic reactions, and insu-
lin resistance. Immunologic reactions
to endogenous insulin are rare. The
three case reports of immunologic re-
actions to endogenously secreted insu-
lin have all been of insulin resis-
tance.6–8 Local, systemic, or biphasic

allergic reactions to endogenous insu-
lin have not been reported previously.

We report a patient who had not
only generalized allergic reactions dur-
ing therapy with rDNA insulin, but
also similar reactions during subse-
quent therapy with oral hypoglycemic
agents. Since rDNA insulin has been in
use for clinical therapy, there has been
no report of allergic reactions to endo-
genous insulin attributed to sensitiza-
tion to rDNA insulin or precipitated by
oral hypoglycemic agents.

CASE REPORT
A 28-year-old black woman with nonin-
sulin dependent diabetes mellitus had
had a history of asthma since childhood
that often required treatment with glu-
cocorticoids. At age 26 years, during her
sixth pregnancy and while receiving

prednisone for asthma, she developed
gestational diabetes requiring insulin
therapy. Following an uncomplicated
delivery, the patient continued to require
prednisone and insulin therapy, but re-
mained in good health for the following
2 1/2 years. As her asthma improved, the
prednisone was tapered gradually over 3
months from 50 mg to 5 mg per day; it
was during this taper the patient first
experienced symptoms consistent with
insulin allergy.

The patient initially developed a
wheal and flare reaction at the site of
subcutaneous injection after 15 min-
utes with her usual rDNA human insu-
lin. This progressed to a generalized
urticarial reaction involving her face,
chest, and upper extremities. It oc-
curred on the first day the patient’s
prednisone dose was tapered from 7.5
mg to 5 mg a day. After a period of
two days during which she had re-
peated attacks of urticaria, she pre-
sented to the emergency room where
insulin was stopped and she was
started on glipizide, 10 mg a day.
Within two hours after each dose of
glipizide she developed similar gener-
alized urticarial reactions occasionally
with tongue swelling. The glipizide
was also stopped, so the patient re-
ceived no glucose lowering medica-
tions.

Attempts at desensitization to re-
combinant insulin were futile; she de-
veloped local cutaneous and urticarial
reactions starting with the most dilute
dose and was unable to receive more
than 5 units of insulin without devel-
oping similar reactions despite the ad-
dition of diphenhydramine to the injec-
tion. Prednisone was increased to 60
mg/day, and she was subsequently able
to receive her usual mixed split dose of
insulin without any allergic reactions.
She continued to remain free of cuta-
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neous reactions to insulin on this dose
of prednisone.

To test the hypothesis that the im-
mune reactions were to endogenous in-
sulin, the prednisone was tapered to
7.5 mg a day, and she was then chal-
lenged with oral doses of glipizide,
tolbutamide, and chlorpropamide, as
described in “Methods”. Each of these
produced generalized urticarial reac-
tions. Prick skin tests with these med-
ications did not elicit reactions.

She was then evaluated for allergy
to other sulfa-containing medications.
While on 7.5 mg of prednisone she
received varying oral doses of tri-
methoprim-sulfamethoxazole, furo-
semide, and finally the combination of
trimethoprim-sulfamethoxazole plus
furosemide, none of which produced
allergic reactions. At doses of pred-
nisone of 10 mg or greater the patient
could receive insulin therapy without
allergic reactions.

METHODS
Three days after all glucose lowering
medications were discontinued, prick
skin tests with human, pork, and beef
regular insulin (Eli Lilly and Co., In-
dianapolis, IN and NOVO Nordisk,
Princeton, NJ) were administered at
concentrations of 1 unit per mL of
diluent (0.9% sodium chloride) placed
on the anterior aspect of the forearm
with histamine (0.1 mg/mL) and saline
controls. Dermal responses were re-
corded at 15 minutes. A wheal of
greater than 3 mm was considered
positive.

Desensitization to insulin was begun
with an initial dose of 0.001 unit of

regular insulin which was given sub-
cutaneously with incremental increases
in administered dose every hour
(0.002, 0.004, 0.01, and 0.02 units).

IgE antibody titers were determined
during systemic desensitization by ra-
dioimmunoassay using polyethylene
glycol (PEG) for precipitation of the
insulin-antibody complexes.9

Oral challenge tests with sulfa-con-
taining medications began with a sin-
gle 10-mg dose of glipizide (Pfizer
Laboratories). Twenty-four hours later
she was challenged with 500 mg of
tolbutamide (Upjohn); 250 mg chlor-
propamide (Pfizer Laboratories) was
administered 24 hours after tolbut-
amide challenge.

Prick skin tests to glipizide, tolbut-
amide, and chlorpropamide were
placed at a concentration of 1 mg/mL,
50 mg/mL, and 25 mg/mL respec-
tively, and interpreted as described
above.

Evaluation for allergy to sulfa
containing medications was begun
with administration of four double
strength (800 mg trimethoprim/160 mg
sulfamethoxazole each tablet) tri-
methoprim-sulfamethoxazole tablets
(Roche Laboratories) followed by 40
mg of oral furosemide (Hoechst-
Roussel), and finally with two double
strength trimethoprim-sulfamethox-
azole tablets plus 40 mg of oral furo-
semide while she was receiving a
maintenance dose of 7.5 mg of pred-
nisone.

RESULTS
Fifteen minutes after application of
prick skin tests, the patient developed

wheal and flare reactions of 21/38 mm
to beef, 18/32 mm to pork, and 9/28
mm to recombinant human insulin.
Likewise, intradermal skin tests with
the same insulin preparations were also
positive (Table 1).

During desensitization she devel-
oped a 25-mm induration within 20
minutes after the first injection which
contained 0.001 unit of regular insulin.
This became firm and painful four to
five hours later. After a period of two
days she was unable to receive more
than 5 units of insulin without devel-
oping similar reactions despite the ad-
dition of diphenhydramine to the injec-
tions.

Hypoglycemia occurred as she was
receiving 5 units of insulin per hour
and she was treated with intravenous
glucose for this reaction. She contin-
ued to experience cutaneous urticarial
reactions to insulin administration.

Oral challenge to glipizide produced a
generalized urticarial reaction within two
hours, tolbutamide produced an urticar-
ial reaction within one and one-half
hours, and chlorpropamide produced an
urticarial reaction within six and one-
half hours of oral administration (Table
1). Prick skin tests with these medica-
tions did not elicit reactions. Oral chal-
lenges with trimethoprim-sulfamethox-
azole and furosemide did not produce
allergic reactions.

IgE antibodies against insulin during
this time were present at a titer of
1:5,000.

DISCUSSION
Since the beginning of exogenous in-
sulin therapy in 1922, cutaneous aller-

Table 1. Summary of Challenges and Skin Tests

Medication
Prick

Skin Tests
Intradermal
Skin Test

Systemic Allergy
Reaction

Onset of Allergic
Reaction

Peak Levels of
Oral Agents

Human regular insulin Positive Positive Positive 20 minutes N/A*
Pork regular insulin Positive Positive Not given in large enough dose N/A* N/A*
Beef regular insulin Positive Positive Not given in large enough dose N/A* N/A*
Glipizide Negative Negative Positive 120 minutes 1–2 hours
Chlorpropamide Negative Negative Positive 360 minutes 3–6 hours
Tolbutamide Negative Negative Positive 90 minutes 3–4 hours
Lasix Negative ND* Negative N/A* N/A*
Trimethoprim-sulfamethoxazole Negative ND* Negative N/A* N/A*

* ND 5 not done and N/A 5 not applicable.
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gic reactions and insulin resistance
have become commonly known com-
plications of therapy, although they
have become much less frequent with
the technical advances in insulin pro-
duction. Both of these reactions are
immunologically mediated, predomi-
nantly by antibodies to various compo-
nents of insulin preparations and the
molecule itself.10–12 Clinical syn-
dromes of the immunologic reactivity
of insulin and their mechanisms have
been described.13,14

Systemic reactions to exogenous in-
sulin are believed to occur as a result
of IgE antibodies against various com-
ponents of the insulin molecule.4 In
insulin resistance, the confounding an-
tibody is of the IgG isotype, which
binds to exogenous insulin, producing
a non-functional complex.15,16 In the
previous reports of insulin resistance to
endogenous insulin, the apparent
mechanism has been cross-reactivity
of the IgG antibody to exogenous in-
sulin with endogenous insulin.

In this case report, insulin allergy is
proposed to occur by cross-reactivity
of anti-insulin IgE antibodies to the
endogenous insulin molecule. The pa-
tient initially exhibited typical local
and systemic allergic reactions during
therapy with human rDNA insulin in
the presence of high titer anti-insulin
IgE, with amelioration of symptoms
occurring with glucocorticoids. This
could be attributed to IgE antibody to
the exogenous insulin; a mechanism
that is supported by positive prick skin
tests. At the time when the patient the-
oretically had no circulating exoge-
nous insulin, however, she sustained
both local and systemic reactions when
she was stimulated to secrete endoge-
nous insulin with administration of
oral hypoglycemic agents (Table 1).
This implies that the patient had devel-
oped antibodies that reacted to her own
endogenously secreted insulin. Allergy
to the sulfa component of the oral hy-
poglycemic agents appears less likely
in view of the fact that the patient had
no allergic reactions to challenges with
other sulfa based medications.

The initial event in development of
insulin hypersensitivity in our patient

is unknown. She could have developed
“autoimmunity” to her own insulin that
was masked by glucocorticoid therapy.
Alternatively, she may have become
sensitized by the rDNA insulin. In ei-
ther case the insulin hypersensitivity
did not become clinically apparent un-
til the dosage of prednisone was re-
duced to 5 mg daily.

A second point for consideration is
that the urticarial responses were “id-
iopathic” and unrelated to insulin ther-
apy. The temporal relationship be-
tween development of urticaria and
administration of insulin or oral hypo-
glycemic agents make this alternative
unlikely.

Prior to this report, no cross-reactiv-
ity between IgE antibody to rDNA hu-
man insulin and endogenous human
insulin has been reported. This finding
is not surprising since recombinant hu-
man DNA derived insulin should be
entirely analogous to secreted endoge-
nous insulin from human pancreas. It
is well known from animal studies and
in vitro studies that IgE antibodies
raised during exogenous therapy with
beef insulin, for example, could cross-
react with human insulin.17 Since dia-
betic and asthmatic patients are known
to have diseases of immunoregulation
it is not surprising that a break in “tol-
erance” could occur even with exoge-
nous human insulin with antibodies
developed to the human insulin mole-
cule, even antibodies of the IgE iso-
type.

Our patient did not demonstrate in-
sulin resistance, another immunologic
complication of exogenous insulin
therapy. Although anti-insulin IgG an-
tibodies are typically produced during
therapy with insulin18–20 and are re-
sponsible for insulin resistance,14,21our
patient exhibited no clinical evidence
of cross-reactivity of anti-insulin IgG
antibodies. This is a phenomenon that
theoretically could occur.

Differences in amino acid sequences
of the various exogenous insulins is
one of the major contributors to exog-
enous insulin allergy.20,22 Porcine and
bovine insulin differ from human insu-
lin by 1 and 3 amino acids, respec-
tively. Clinically, allergic reactions oc-

cur more often with bovine insulin
therapy than with porcine insulin ther-
apy reflecting greater antigenicity of
beef insulin as compared with pork
insulin.20,23

With the advancement in DNA tech-
nology that led to the development of
recombinant DNA (rDNA) human in-
sulin24 came the hope that allergic re-
actions to insulin therapy would be-
come a historical curiosity. Despite the
homologous amino acid sequence of
rDNA insulin with endogenous human
insulin, continued antibody formation
to insulin occurred,25–27 as did allergic
reactions2,28,29 and immunologic insu-
lin resistance.30 Shared antigenic deter-
minants of human, porcine, and bovine
insulin,30 and tertiary structure of
rDNA insulin are implicated as con-
tributing causes of continued allergic
reactions to rDNA insulin.9,17

CONCLUSIONS
This patient demonstrates a complica-
tion of therapy with rDNA insulin that
has not previously been recognized.
Because of the homology between
rDNA human insulin and endogenous
human insulin, this complication may
be unique to rDNA insulin.

In this patient, anti-insulin IgE anti-
bodies to rDNA insulin cross-reacted
with the patient’s endogenous insulin
resulting in local cutaneous and sys-
temic allergic reactions. Desensitiza-
tion to insulin failed to alleviate the
allergic reactions. Concurrent adminis-
tration of glucocorticoids continues to
be necessary for this patient to receive
her insulin regimen and oral hypogly-
cemic therapy, if warranted.

Immunologic complications with
rDNA therapy appear less frequently
than with other insulin preparations.
As this case illustrates, however,
awareness for potential allergic com-
plications from rDNA insulin still
needs recognition.
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