Proteins: Chymopapain and insulin
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We studied clinical and immunologic aspects of the reactions to two newly introduced

drugs, chymopapain and human recombinant deoxyribonucleic acid insulin (HI), in patients
demonstrating allergies to one of these two drugs. We then used this information to improve our
ability to diagnose and prevent chymopapain allergy and to further our understanding of
systemic insulin allergy and its management. Of the patients who were sensitive to
chymopapain, one had severe anaphylaxis to intradisc injection while the other had rhinitis,
asthma, and urticaria with occupational exposure. The latter demonstrated cutaneous reactivity
to papain; the former refused skin testing. Both demonstrated immunoglobulin (1g) E and 1gG to
chymopapain as measured by enzyme-linked immunosorbent assay. We have prospectively skin
tested 61 patients with chymopapain. Sixty-one patients have had negative skin tests and have
tolerated the intradisc injection of chymopapain without incident. We are continuing our
prospective skin test study in order to identify a population at risk for allergy to chymopapain.
Two patients with systemic allergic reactions to animal insulin have at least as much cutaneous
reactivity and IgE and IgG antibodies to HI as to porcine insulin. A large local reaction
occurred during an attempt to desensitize one of them to HI; the patient was subsequently
desensitized without difficulty to porcine insulin, to which she was less skin reactive. We
conclude that HI will not eliminate insulin allergy in patients with systemic allergy to animal
insulin and that such patients will continue to require the usual therapeutic measures for insulin
allergy. (J ALLERGY CLIN IMMUNOL 74:635, 1984.)

The immunology of proteins has been extensively
studied and forms the basis for our approaches to the
clinical problems of allergies to chymopapain and in-
sulin. It is well known that foreign proteins are potent
immunogens. The specificity of an antigenic site on
a protein may result from a primary amino acid se-
quence or it may derive from a secondary confor-
mational structure.! Proteins are complete antigens
and thus can be used for cutaneous testing or
in vitro assays without need for haptenization. With
regard to cutaneous testing, it should be noted that
proteins possessing proteolytic enzyme activity such
as chymopapain must be used cautiously in appro-
priate dilutions.

The first clinical problem we addressed was that of
anaphylaxis to chymopapain, recently licensed for in-
tradisc injection in patients with documented herniated
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HI: Human recombinant
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PBS: Phosphate-buffered saline
Enzyme-linked immunosorbent assay
Ig:  Immunoglobulin
OD: Optical density

deoxyribonucleic

lumbar intervertebral discs who are unresponsive to
conservative therapy.” In initial trials the overall in-
cidence of anaphylaxis was 1%, while the incidence
of anaphylaxis resulting in death was 0.14%.> The
anaphylactic problem will probably be of some mag-
nitude, as estimates of the number of patients likely
to seek chymopapain injection are upward of 100,000
annually.® The current package insert recommenda-
tions for prophylaxis are not clearly protective, as is
demonstrated by our index case. Thus we wished to
develop a cutaneous test or an in vitro assay to identify
the population of patients at risk for chymopapain
allergy. We suspect that cutaneous tests would prob-
ably be preferable because of their ready availability
and ease of administration by physician or nurse. In
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TABLE |. Insulin cutaneous test results
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Insulin
Patient Bovine Porcine Human (recombinant DNA)

Prick test results*

X 4+ 8] (3

Y 3 0 G
Intradermal positive endpointt

X 107 10 g

Y 1o SN 10

DNA = Deoxyribonucleic acid.
*Prick tests performed with stock solution of 100 U/ml.

tMost dilute solution to result in S mm wheal. 10 mm flare; stock solution is 100 U/ml.

vitro tests require more time and good positive and
negative control serum samples, but have the advan-

“tage that there is no risk associated with the diagnostic -

procedure.

Another clinical problem involving allergy to a pro-
tein drug is that of the diabetic who has anaphylaxis
to animal insulins. With the introduction of HI,* we
wished to ascertain what role it-would play in the
treatment of diabetics with systemic allergic reactions
to animal insulins. Specifically, we wondered if such
patients could be switched to HI with no possibility
of allergic reactions.

MATERIAL AND METHODS
Chymopapain

Case reports. Patient A, a 25-year-old white woman.
had:been working in the purification of chymopapain from
the crude papain fraction,™° She developed asthma-and rhi-
nitis on inhalation of papain or chymepapain. Wearing a
mask and gloves ameliorated but did not eliminate the
symptoms .- She had a 4 + reaction to a prick test of papain
(Sigma Chemical Co., St. Louis, Me:) at 1 wg/ml.

Patient B, a 59-year-old white man, had sciatica and a
myelogram demonstrating a herniated nucleus pulposus at

1.4-5 and compression of L5 and S1. When he was admiited.

for chemonucleolysis, he was pretreated according to the
recommendations of the package insert: cimetidine, 300
mg every 6 hours for four doses, and- diphenhydramine
(Benadryl), 50 mg every 6 hours for four doses. The. pa-
tient complained of severe dyspnea within 30 minutes of
the chemonucleolysis procedure. Poor air movement and
wheezing were noted on physical examination. The patient
received several doses of epinephrine before improvement
‘occurred.

Cutaneous testing. Three nonatopic controls and 61
patients scheduled for intradisc chymopapain injection were
tested by the prick method with chymopapain (Smith Lab-
oratoties Inc., Rosemont, I11.) in the:foltowing concentra-
tions: 10 pg/ml, 1 pg/ml, 100.ng/ml, 10 ng/mi, and 1 ng/
ml. A negative control, PBSin 0.4% phenol, and a positive
control, .1 mg/ml histamine, were also tested.

ELISA.-The ELISA procedure was done according to
methods previously described.” * Briefly, Immulon mi-
croELISA plates (Greiner und Sohng, Nurtigen; West Ger-
many) were coated with chymopapain (0.4 mg/ml), 200 ul/
well, in carbomate buffer at pH 9.6 and were incubated
overnight at 4° C. Plates were then washed three times with
PBS-Tween (0.05%: Sigma Chemical Co.). Samples (200
wl).of -dilutions. of the patient’s serum were added to_indi-
vidual wells and plates were incubated for-t hour at 37> C.
Plates were .washed three times with PBS-Tween and 200

‘wl of a predetermined dilution of rabbit antihuman 1gG or
1gE (Calbiochem-Behring, La Jolla, Calif.) was added to

each well. Plates were then. incubated at 37° C for 1 hour.
After the plates were washed again, 200 wl of alkaline
phosphatase—conjugated goat antirabbif gamma globulin
(Sigma Chemical Co.) was added to each well ina prede-
termined-optimal coneentration and. the plates were incu-
bated .12 hours at 37° C. A final washing ‘was done to

. ‘remove the unbound conjugate and the enzyme substrate,

p-nitrophenyl phosphate (Sigma 104 phosphate, 1 mg/ml)
in 10% diethanolamine buffer at. pH 9.8 was -added and
incubation was carried out for 30 minutes at foom temper-
ature for 1gG antibodies anid 60 minutes for IgE antibodies.
The enzyme reaction was stopped with- 50 pl 3M NaOH
and ODs of each well were then read at 410 nm on
Dynatech microELISA Mini Reader MR 590 (Dynatech;
Santa Monica, Calif.). ELISA titer endpoints were read as
the last dilution at which the. test antiserum had an OD
reading at least twice that-of the control serum.

insulin

Case reports. Patient X, a 73-year-old woman, had
fasting hyperglycemia i in spite of diet and-oral hypoglycemlc
therapy. In 1973 the patient devéloped generalized urticaria
and angioedema with mixed bovine-porcine insulin injec-
tions. Two attempts at desensitization had failed.

The patient was tested by the prick method to pure bo-
vine, porcine, and human insulins at 100-U/ml. Skin test
results were 4+ to bovine but she showed no reaction to
porcine or human insulin- We used-a-previously published -
desensitization schedule® in' an -attempt to desensitize her to.
HI. However, on subcutaneous injection of.0.01 U HI, she
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developed a local 15 mm wheal/35 mm flare reaction. We
then performed cutaneous endpoint titration and found that
the patient was more reactive to human than to porcine
insulin. She was desensitized to porcine insulin without
difficulty.

Patient Y, a 26-year-old woman, was 8 weeks pregnant
with her second child. During her first pregnancy, she had
gestational diabetes, which was treated with insulin. Her
physician had reinstituted 20 U insulin the week before
we saw her at our clinic. She was transferred to our medical
center because she developed urticaria, angioedema, and
chest tightness with each insulin injection. On endpoint
intradermal titration, she was equally reactive to porcine
and human insulin. As HI was not commercially available
at the time, she was treated with porcine insulin. Her insulin
dose was reduced to 5 U and was increased by 2 U morning
and evening until control of diabetes was achieved.

Cutaneous testing. Patients were tested by the prick
method with various insulins (porcine, beef, and HI) at a
conceniration of 100 U/ml. Skin test results were graded 0
to 4." Patients were also tested by the intradermal method
with serial tenfold dilutions of the above insulins beginning
with a concentration of 0.001 U/ml. A positive endpoint
was defined as the most dilute solution producing a 5 mm
wheal and 10 mm flare.

ELISA. The insulin ELISA procedure was identical to
that outlined above for chymopapain, except that the
microELISA plates were coated with various pure, regular
bovine or porcine insulins (100 pg/ml; Eli Lilly, Indian-
apolis, Ind.) or HI rather than chymopapain.

RESULTS
Chymopapain

Cutaneous testing. None of the nonatopic controls
and none of the 61 patients scheduled for chemonu-
cleolysis had positive skin tests to chymopapain. All
subjects had negative reactions to the diluent control
and positive reactions to the histamine control. All
patients tolerated chemonucleolysis without anaphy-
laxis.

ELISA. Fig. 1, a, demonstrates that patient B has
IgE against chymopapain. The titer endpoint was 4096
in patient B, who had anaphylaxis. This patient also
demonstrates I1gG against chymopapain (Fig. 1, b).
His titer endpoint was 20,480.

Insulin

Cutaneous testing. Results of cutaneous testing of
patients X and Y are shown in Table I. Each patient
was most reactive to bovine insulin. Patient Y was
equally reactive to porcine insulin and HI, while pa-
tient X was more skin reactive to HI than to porcine
insulin.

ELISA. As is evident from Fig. 2, a, both patients
X and Y have IgE directed against each of the insulins.
The titer endpoint for patient X is 10 for bovine and
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FIG. 1. Resulits of antibodies against chymopapain as de-
termined by ELISA in patient B () and in four nonatopic
controls (C, o). In both panels the abscissa is the serum
titer and the ordinate is the optical density. a, IgE against
chymopapain; b, IgG against chymopapain.

porcine insulin, while it is 50 for human insulin. The
endpoint for patient Y is 100 for each insulin. Both
patients also demonstrate IgG against each of the in-
sulins. Each patient’s titer endpoint to bovine insulin
was 500, while endpoint titers to the other two insulins
were 1000.

DISCUSSION

Because large numbers of patients are expected to
seek chemonucleolysis, it is essential to prevent an-
aphylaxis and attendant morbidity and death in these
patients. Risk in patients should be predictable by
cutaneous testing, in vitro assays, or both. just as
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FIG. 2 Results of antibodies against insulin tbovine, por-
cine, HI) as determined by ELISA in patient X {A), patient
Y (m), and in two nonatopic controls (C, ®). In both panels
the abscissa is- the serum titer and the ordinate.is the
optical density. a, lge against insulin;.b, 1gG against-in-
sulin. '

patients who are at risk for anaphylaxis. from other
proteins like foreign serum can be identified by im-
mediate skin test reactivity.'" Pretreatment with ci-
metidine and diphenhydramine, -as suggested in the
package insert, did not prevent severe anaphylaxis in
patient B.-Thus this pretreatment regimen alone is not
sufficient prophylaxis.

Cutaneous tests have several - advantages over
in vitro assays. First, physicians or nurses can-learn
with very limited training to perform and mterpret
skin tests. Second, the skin tests can be read within
15 or 20 minutes, so there is little delay. Finally, the
skin test reagents are readily available and cost less
than in vitro assays. Chymopapam is -unsuitable - for
intradermal testing because it is a proteolytic enzyme.
Consequently, our protocol requires prick testing. We
are currently using only two concentrations, 1 and 10
mg/ml, as we no longer believe it is necessary to use
the more dilute solutions. If no IgE against chymo-
papain is demonstrable by skin test, it is-unlikely. that
the patient could have anaphylaxis. On the other hand,
if the patient has positive skin tests to chymopapain,
the patient would be at risk for anaphylaxis.

A prospective study will be required to confirm the
value of skin testing and in vitro assays for preventing
chymopapain anaphylaxis. We are -aware of studies
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of this type that have been.initiated at the following
universities: Cincinnati, Medical Co]lege of Wiscon-
sin, Pennsylvania, Scripps Clinic, and Tulane. During
these studies the dilemma of what to'do with a patient
with a positive skin test who is also surgically at a
high risk will likely arise. It is unclear as to whether
the presence. of IgE antibody to chymopapain is an
absolute contraindication to’ its use or. whether it

“would be ‘preferable to use a pretreatment regimen

such as the one-that has reduced the incidence of:
anaphylactic reactions to radiocontrast media.'* Cur-
rent knowledge and future required assessments in
the area of c¢hymopapain anaphylaxis are outlined in
Table 1. '

Systemic insulin allergy is a-problem that has been
well described for many years.” '™ This problem
is one of low incidence but it may result in such serious
consequences as uncontrotled diabetes or anaphylaxis
if it is not properly managed. Principles of manage-
ment have been outlined in detail elsewhere.” In brief.
if a patient. has systemlc insulin allergy. it must be
determined whether insulin administration is essential.
Once that has been determined. the patient should be
hospitalized and the approach to insulin administration
depends on whether or not the patient has received
insulin within 24 hours. 1f the patient has received
insulin within 24 hours; the insulin dese can simply
be reduced to one third or, for extreme caution, to
one fifth of the dose that caused anaphylaxis. The
dose can then be increased by 2 to 5 U per day until
control of diabetes is achieved. If the patient has not
received insulin for several days, desensitization from
miniscule doses is required. The ledst allergenic in-
sulin for a given patient can be chosen on the basis
of intradermal cutaneous endpoint titration to various
insulins. It should be noted that because of the avail-
ability of skin testing and delay of results. from in vitro.
analyses, the latter play no role in the clinical man-
agement of patients. In vitro analyses are valuable
only as research tools.

The introduction of HI has been -associated with
speculation that this would be the drug of cheice for
diabetics who have systemic insulin allergy.* Several
studies have demonstrated that HI is less immunogenic
than animal insulins.'*’” Moreover, there are reports
of its successful use in patients with systemic allergy
to animal insulins.' However, there are patients. like
ours who have more cutaneous reactivity to-HI than
to porcine insulin and who consequently may have
serious allergic reactions to HI. Thus HI ‘cannot be
substituted at-therapeutic doses in patients with sys-
temic allergy to animal-insulins.

We previously described patients with cufaneous
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TABLE Il. Summary of current status
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Insulin allergy

Chymopapain allergy

Mechanism IgE
Risk Anaphylaxis
Frequency Rare

Value of skin test
for desensitization
Value of in vitro test
mental value only
Future assessment re-

quired

tially treated with HI?

Titration shows comparative sensitivity to
animal and HI and which should be used

Clinical: none; delay in rtherapy; experi-

What is incidence of people who react to
animal insulin who are sensitive to HI
to similar degree? What is incidence of
systemic insulin allergy in patients ini-

IgE

Anaphylaxis

1%; serious concern; not prevented by ci-
metidine/diphenhydramine pretreatment
suggested in package insert

Not enough data yet; very likely predictive;
requires limited training and experience to
do and interpret (nurse can do)

Probably will be predictive, but not enough
data yet; delay of diagnosis; more expen-
sive than nurse doing skin testing in office

Need prospective study of skin test and se-
rology; this would best be a collaborative
study at several centers. What should be
done in patients with positive skin test who
are at high risk for surgery? Absolute con-
traindication or prophylaxis?

reactivity to synthetic human insulin and to human
insulin isolated from human pancreas.'® This paradox
of people being allergic to human insulin is explained
by the fact that the specificity of an antigenic site on
a protein may result from the primary amino acid
sequence or from a secondary or tertiary conforma-
tional structure.' Although the primary amino acid
sequence of HI is the same as that of endogenous
human insulin, the processing of HI appears to induce
conformation changes that render the protein immu-
nogenic.

As the use of HI becomes more widespread, it will
be important to determine whether patients who are
started on HI rather than on animal insulins will be-
come allergic to HI. As more experience is acquired
with HI in patients with systemic allergy to animal
insulin, it will be possible to determine the incidence
of allergy to HI in those patients. Table II presents an
outline of the current knowledge about patients with
systemic allergy to animal insulins.

In summary, the basic science of protein imru-
nology has formed the foundation for the approach to
clinical problems of anaphylactic reactions to two pro-
tein drugs—chymopapain and insulin. We are devel-
oping methods to identify the population at risk for
chymopapain anaphylaxis and thus prevent anaphy-
lactic deaths from chymopapain. We have also de-
veloped an approach to management of patients with
systemic allergic reactions to animal insulins and are
ascertaining the role of HI in the management of those
patients.
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