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Immunogenicity of Recombinant DNA Human Insulin 
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Summary. We postulated that human insulin of recombinant 
DNA origin would be a poor immunogen and might prove to 
be less immunogenic than purified pork insulin. Results are 
reported for 100 diabetic subjects not previously treated with 
insulin. Individuals completed the first 12 months of a clinical 
trial of human insulin of recombinant DNA origin. These pat- 
ients are contrasted with 121 similar individuals who are tak- 
ing part in a trial of purified pork insulin. Prior to therapy, 
species-specific binding of lzsI human insulin and pork insu- 
lins and insulin bound to antibody were undetectable in all in- 
dividuals. In patients treated with human insulin of recombi- 
nant DNA origin, binding of lZSl human insulin increased to 
10 + 1.2% at 12 months versus increases in binding of 12sI pork 
insulin in pork insulin-treated patients to 12.6+_t.4% (NS). 
Mean percentages of species-specific binding tended to reach 
a plateau in the human insulin-treated group but continued to 
increase in the pork insulin group (p<  0.001). Median bound 
values were nil throughout in patients treated with human in- 

sulin, but increased to 52 mU/l  in the pork insulin group with 
significantly less bound insulin seen in the former group at all 
visits (p<  0.001), The percentage of individuals who remained 
antibody free at 12 months, as indicated by bound insulin, was 
56% in the human insulin-treated patients and 40% in the pat- 
ients treated with pork insulin (p < 0.01). In 11 out of 55 indi- 
viduals who initially developed detectable insulin antibodies 
while being treated with human insulin, bound insulin levels 
later became undectable compared with three out of 77 indi- 
viduals in the pork insulin-treatment group (p<  0.005). Hu- 
man insulin of recombinant DNA origin is less immunogenic 
than purified pork insulin. Level of antibodies in patients 
treated with human insulin of recombinant DNA origin 
reached a plateau after 6 months and antibody levels often 
tended subsequently to decrease below detection limits. 

Key words: Human insulin, immunogenicity of insulin, insulin 
antibodies. 

Virtually all patients t reated with conventional ly puri- 
fied insulins develop circulating insulin antibodies [1]. 
Such antibodies develop less often and  in lower concen- 
trations in individuals t reated with highly purif ied por-  
cine insulins than  in individuals t reated with less puri- 
fied insulins [2, 3]. Apar t  f rom trace amounts  of  
proinsulin and other pancreat ic  peptides which may  re- 
main  after extraction and  purif icat ion of  animal  insu- 
lins, h u m a n  insulin differs f rom porcine insulin only 
with regard to the terminal  amino acid of  the B chain 
[4]. In  the absence of  ant ibody formation,  clinical and 
biological  effects o f  these insulins would  be predicted to 
be  equivalent since this site is not  involved in receptor  
binding [5]. However,  it is conceivable that  h u m a n  insu- 
lin of  recombinant  D N A  origin ( rDNA)  might  differ in 
immunogenic i ty  f rom pancreat ic  porcine insulin. 

We hypothesized that  h u m a n  insulin ( rDNA),  when  
injected in a reposi tory fo rm (as NPH) ,  would  prove to 
be a poo r  i m m u n o g e n  and would be less immunogen ic  
than  purif ied porcine insulins. 

Materials and Methods 

One hundred diverse diabetic subjects, who had not been previously 
treated with insulin, are participating in a multicentre, unblinded, 
clinical trial of human insulin of recombinant DNA origin. Insulin 
was begun when clinically indicated by the patients' own physicians 
and adjusted according to individual needs. These patients were com- 
pared with 121 similar diabetic patients who participated in a non- 
contemporaneous, multicentre, double-blind clinical trial of purified 
porcine insulins. Only two investigators participated in both trials. 
Patients treated with purified porcine insulin were enrolled first. In- 
formed consent was obtained before participation and all studies con- 
formed to principles outlined by the Declaration of Helsinki. Patients 
with detectable antibody levels before therapy were excluded. Pat- 
ients were evaluated for the presence of insulin antibodies at 2-month 
intervals. 

Human insulin used for these studies was formulated from bulk 
crystals in an NPH repository form containing salmon protamine 
(0.36-0.40 rag/100 units). Crystal lots contained 0.6-1.2% of desami- 
do insulin. Pork insulin was administered as NPH insulin containing 
salmon protamine (0.40 mg/100 units) or insu|in zinc suspension 
(Lente) insulin. Of the patients treated with purified porcine insulin, 
59 were treated with NPH and 62 with Lente. Crystals from which 
these insulins were fon-nulated contained 0.8% desamido insulin. In 
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Table 1. Patient characteristics 

Treatment groups 

Human insulin Purified pork 
(rDNA) insulin 
(n = 100) (n = 121) 

Age (years) 46.l + 2.0 44.7 __+ 1.8 
(5-83) (6-76) 

Sex 58M, 42F 67M, 54F 

Ideal body weight (%) [16] 119.1 + 3.0 113.1 + 2.7 
(76-273) (60-219) 

Duration of diabetes (years) 5.8 + 0.6 4.7 + 0.5 
(0-27) (0-21) 

Non-insulin-secreting/ 51/48 51/51 
insulin secreting a 

Divided/single dose b 71/29 56/65 

Results are given as mean + SEM with ranges in parentheses. 
a See Methods section, b patients who were treated with human insu- 
lin (rDNA) were treated with a divided dose regimen more often than 
individuals treated with pork insulin, p <  0.001 
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Fig. 1. Development of percentage of species-specific binding of hu- 
man 125I insulin in subjects treated with human insulin (rDNA) and 
pork 1251 insulin for patients treated with purified porcine insulin. 
O : - - O :  purified porcine insulin-treated patients, ~------O : human 
insulin (rDNA)-treated patients. Data were compared by two-way, 
repeated measures analysis of variance 

our studies, Lente and NPH insulins of animal origin were found to 
be immunogenically equivalent [6]. Purified pork insulin was manu- 
factured from pancreases supplied by slaughterhouses specializing in 
pork products and contained no detectable beef insulin (<  0.05%) 
and 2.25.+ 0.37 ppm of pork proinsulin. Human insulin (rDNA) and 
purified porcine insulin used for these studies have been fully charac- 
terized and compared previously [7]. 

Insulin antibody levels were measured using fasting serum ob- 
tained 12-24 h after the patient's last insulin. All measurements for a 
particular individual were performed in the same assay. Species-spe- 
cific insulin binding to immunoglobulins (for human, species-specific 
binding of human insulin, or pork insulin, species-specific binding of 
pork insulin) was assessed using acid-charcoal extracted sera [8]. 1251 
pork and human (rDNA) insulins used for all antibody measurements 
were iodinated by a lactoperoxidase method. Insulins monoiodinated 
on the fourteenth amino acid of the A chain were selected and purifi- 
ed by high pressure liquid chromatography, specific activities ranged 

between 340-360 ~tCi/~tg [9]. Final 1:10 dilutions of extracted sera 
(0.120 ml of a 1:4 dilution of serum) were incubated in a volume of 
0.3 ml at 37 ?C for 2 h along with 1 gU/tube of 1251 insulin. Antibody 
bound insulin was precipitated by polyethylene glycol (PEG) [10]. In- 
terassay control serum binding (from the same normal individuals) 
was 7.4___ 1.6% (mean + SD) for pork 12sI insulin, 6.5 ___ 1.5% for hu- 
man, and 10.3 + 2% for beef insulin. Control serum binding was deter- 
mined in each assay. Results are reported as percentage bound/total 
(sample) - percentage bound/total (control). Differences in protein 
concentrations, incubation conditions and other modifications ac- 
count for the high percentage of binding in the control serum. We 
have recently compared our method with that of other investigators 
using PEG precipitation and found highly comparable results 
throughout the range of samples studied including the ability to dis- 
tinguish very low binding in treated patients from control sera [6]. Sig- 
nificant binding was judged to be present when binding exceeded two 
times the maximum coefficient of variation seen for control binding, 
that is 4%. Total and free insulin were measured using non-extracted 
aliquots of sera and PEG precipitation of anti-insulin antibody [11]. 
Total insulin was determined by freeing all insulin bound antibody by 
HC1, precipitating antibodies by PEG, and measuring supernatant in- 
sulin concentrations. Free insulin was measured by precipitating anti- 
bodies and bound insulin by PEG and measuring supernatant insulin 
concentrations. Supernatant insulin concentrations were measured 
using Heding's method [12]. Recovery was determined in each assay. 
This averaged 87.3 _+ 4.7% for free and 75.4_+ 3.0% for total insulin. 
Circulating insulin bound to antibodies was the difference between 
total and free insulin concentrations. Bound insulin concentrations 
were significant, if after correction for recovery, total insulin - 2 SD 
was greater than free insulin + 2 SD. 

C-peptide concentrations were measured by methods published 
previously [13]. Fasting and 2-h stimulated C-peptide levels (after 
240 ml Sustacal, Mead Johnson, Evansville, Indiana, USA) were ob- 
tained before the studies began. To classify patients as secretion defi- 
cient and insulin secreting, use was made of the lower limits for this 
assay for normal and fasting and stimulated levels, of 0.33 and 
1.17 pmol/ml, respectively. Algorithms used have been published pre- 
viously [6] and are summarized as follows: if fasting C-peptide levels 
were <0.33 pmol/ml or stimulated levels were < 1.17 pmol/ml, then 
= secretion deficient or non-insulin secreting. If fasting levels were 
>i 1.17 pmol/ml and/or stimulated levels were ~> 1.17 pmol/ml and at 
least 1.5 times the baseline value, then = insulin secreting. Data were 
unavailable for one patient in the human insulin (rDNA) and 12 pat- 
ients in the pork insulin-treatment groups. Seven patients treated with 
pork insulin could not be classified by these algorithms. 

Only patients with complete species-specific binding data and a 
history of continuous insulin therapy for one year were analyzed. Da- 
ta were analyzed using standard statistical packages available through 
the Indiana University Computing Network. Group comparisons 
were performed using the Chi-square test for discrete data with Fish- 
er's exact test for two by two tables [14]. Repeated measures over time 
were compared between groups by two way analysis of variance. 
Groups were treated as an independent factor and multiple values as 
a repeated measure [15]. Comparisons of non-parametric data utilized 
the Wilcoxon rank sum test [14]. 

Results 

Patient Characteristics 

Patients in both treatment groups were comparable 
(Table 1). These individuals encompassed a broad range 
of age, duration of disease and percentage ideal body 
weight. When classified by initial insulin secretory sta- 
tus (based on fasting and stimulated C-peptide concen- 
trations before therapy) [6], equivalent proportions of 
the individuals from both groups were deficient in insu- 
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lin secretion or had preserved secretion; however, seven 
individuals could not be classified in the purified por- 
cine insulin group. A significantly greater porportion of 
individuals treated with human insulin of recombinant 
DNA origin received divided doses than individuals 
treated with purified porcine insulin. 

Comparison of Insulin Antibody Development Between 
Human Insulin (rDNA) and Purified Porcine Insulin- 
Treated Patients 

Figure 1 shows species-specific binding of human and 
pork 125I insulin. Insulin antibody concentrations in- 
creased significantly over the course of treatment as in- 
dicated by species-specific binding of human and por- 
cine insulins (both p<0.001). Significant differences 
from baseline were seen for both treatment groups by 
4months. At the 12month visit, differences between 
mean percentages of species-specific binding for hu- 
man insulin (rDNA) and purified porcine insulin-treat- 
ed patients were not significant (10.+1.2% versus 
12.6 + 1.5% respectively). However, after 6 months, the 
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Fig. 2. Percentage of individuals who developed antibodies at each 
visit as indicated by measurement of bound insulin and species-spe- 
cific binding. The percentage of individuals who developed signifi- 
cant levels of bound insulin were less at each visit in the human insu- 
lin (rDNA) treatment group @<0.001). Percentages of individuals 
who developed species-specific binding > 4% were similar for both 
groups. Data were compared using Fisher's exact test for two by two 
tables and adjustments were made for repeated measures. 
�9 - � 9  purified porcine-insulin treated; O- - - - -O : human insulin 
(rDNA)-treated patient 
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mean percentage of specific binding in patients treated 
with human insulin (rDNA) tended to reach a plateau, 
whereas the percentages continued to rise in the purifi- 
ed porcine insulin group. The interaction term between 
these curves indicated that this divergence was signifi- 
cant (p < 0.001). 

The mean percentages of individuals who devel- 
oped detectable antibodies at each visit are shown in 
Figure 2. The percentage of patients treated with human 
insulin (rDNA) who developed detectable levels of 
bound insulin was significantly less than for patients 
treated with purified porcine insulin (all p <0.001). 
Only 44% of the human insulin (rDNA) group had de- 
tectable bound insulin at 12 months versus 60% of the 
purified porcine insulin group. The percentage of indi- 
viduals who had insulin antibodies detectable by spe- 
cies-specific binding were not significantly different be- 
tween the groups. In patients who had undetectable 
bound insulin levels but a significant percentage of spe- 
cies-specific binding, all but one had percentages of 
binding of < 10% at 12 months. 

Species-specific and bound insulin were highly 
correlated when analyzed by rank analysis (r = 0.85 and 
p < 0.01 at 12 months for all data). However, bound in- 
sulin data were not normally distributed and were 
therefore analyzed by the Wilcoxon rank sum test [13]. 
Median bound insulin levels and ranges are given in 
Table 2. Over 50% of the human insulin-treated pat- 
ients had no elevation in bound insulin levels, whereas 
median values in the purified porcine insulin-treated 
group rose to 52 mU/1 at 12 months. The medians for 
the two groups were significantly different throughout 
(p < 0.005). 

Loss of Antibody Detectability in Human Insulin (rDNA) 
and Purified Porcine Insulin-Treated Patients 

Table 3 compares purified porcine and human insulin 
(rDNA)-treated patients with regard to individuals who 
lost detectability of bound insulin or species-specific 
binding insulin after initial development of insulin anti- 
bodies. Eleven out of 55 individuals treated with human 
insulin lost detectability of bound insulin compared 
with three out of 77 patients treated with purified por- 

Table 2. Development of bound insulin in patients treated with human insulin (rDNA) and purified pork insulin 

Treatment Group Time (months) 

2 4 6 8 10 12 

Human insulin (rDNA) (mU/l) 0 0 0 0 0 0 
(0-377) (0-525) (0-757) (0-465) (0-512) (0-591) 

Purified pork insulin (mU/1) 0 24 35 38 46 52 
(0-467) (0-982) (0-1061) (0-3246) (0-1319) (0-3941) 

pa 0.001 0.001 0.005 0.001 0.001 0.001 

Median concentrations are given with ranges in parenthesis. 
a Probability is given that the groups differed. Data were analyzed by the Wilcoxon rank sum test [14] 
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Table3. Comparison of loss of detectability of insulin antibodies in 
the two groups studied 

Human Purified 
insulin porcine 
(rDNA) insulin 

pa 

Bound Insulin 
Loss of detectability prior 11 3 0.005 
to the 12-month visit 
> 0 at 12 months 44 74 

Specific Binding 
Loss of specific binding 13 7 0.07 
prior to the 12 month visit 
> 4% at 12 months . 57 73 

a The probability is given that loss of detectability differed between 
the treatment groups 

cine insulin (p < 0.005). Similar losses of detectability of 
specifically bound insulin were also seen but differ- 
ences between the groups were not significant. 

Discussion 

Use of purified pork insulins has decreased but not 
eliminated insulin antibody formation in man. Potential 
advantages of an antibody-free state include freedom 
from lipoatrophy and allergic phenomena, decreased 
insulin dose, predictability of insulin absorption, pres- 
ervation of endogenous secretion of insulin, and possi- 
ble avoidance of the generation of anti-idiotypic anti- 
bodies [17]. Older studies, however, using recrystallized 
pancreatic human insulin cast some doubt upon the 
possibility that injected homologous insulin can be 
made non-immunogenic [18]. Human insulin of recom- 
binant DNA origin is the first product of DNA technol- 
ogy which has become widely availabe for clinical trials 
and eventual use in patients. It is chemically identical to 
endogenous insulin and is free of pancreatic contami- 
nants [4, 7]. Preliminary short-term studies suggested 
that this insulin did provoke formation of IgE antibod- 
ies but was free of problems associated with clinical al- 
lergy [19]. Furthermore, it was of immunological benefit 
in patients whose treatment was changed from animal 
insulins [20, 21]. 

The development of the insulin antibodies depends 
not only on genetic factors but also on insulin formula- 
tions and control of self-recognition by the recipient [22, 
23]. Patients participating in these studies would be ex- 
pected to have a broad genetic background since both 
insulin-secreting patients with non-insulin-dependent 
diabetes, as well as insulin-deficient patients with insu- 
lin-dependent diabetes were included. We have not as 
yet typed these individuals with regard to immune re- 
ponse genes (HLA types associated with immune re- 
sponsiveness) which may aid further in selecting indi- 
viduals who would be expected to have a greater or 
lesser immune response to injected insulins [5]. 

Diabetic patients treated from the beginning with 
depot insulins of homologous or closely similar struc- 
ture developed significant insulin antibody levels by 
4 months after the initiation of therapy. However, quali- 
tative binding of iodinated insulins as indicated by spe- 
cies-specific binding was found to reach a plateau after 
the 6 month visit in the human insulin (rDNA) group, 
whereas binding tended to increase further in the purifi- 
ed porcine insulin group. In keeping with these obser- 
vations quantitative estimates of binding as reflected by 
antibody bound (PEG precipitable) insulin remained 
low in both groups but were significantly less at all visits 
in patients treated with human insulin (rDNA). These 
low levels of antibody were many-fold lower than those 
detected by a recently developed IgG specific solid 
phase assay and by our methods in patients treated with 
animal insulins of mixed origin [6, 24]. Furthermore, the 
relatively weaker immunogenicity of human insulin 
(rDNA) versus purified porcine insulin probably results 
in the frequent loss of insulin antibodies observed in hu- 
man insulin (rDNA)-treated patients (Table 3). Clearly 
the single amino acid difference between human and 
pork insulin contributes to significant differences in im- 
munogenicity. 

The relationship of serum antibody titres to the oc- 
currence of dermal reactions to insulin is not known. 
One human insulin (rDNA)-treated patient developed 
two transient episodes of immediate hypersensitivity 
after 18 months of therapy versus two porcine insulin- 
treated individuals who developed dermal allergic reac- 
tions during the first year. 

The formation of insulin antibodies in human insu- 
lin (rDNA)-treated diabetic patients cannot be due to 
differences in structure from endogenous insulin, nor 
can it be attributed to insulin aggregation. In previous 
studies, it was shown that the presence of significant en- 
dogenous insulin secretion prior to therapy was asso- 
ciated with suppressed immune recognition of human 
insulin (rDNA) [22]. 

Immunogenicity of human insulin (rDNA) may also 
be attributed in part to the route of administration, 
deamidation of insulin, the repository formulation of 
the insulins used, or the inherent immunogenicity of the 
body's own proteins, including even insulin [25]. Fifty- 
six percent of individuals treated with human insulin 
(rDNA) did not develop antibodies as detected by 
bound insulin levels versus 40% in the purified porcine 
insulin group. In contrast, the vast majority of individu- 
als treated with mixed beef/pork insulins for 6 months 
develop insulin antibodies. This insulin contains 
35 parts per million proinsulin and 70% beef insulin [6]. 
The fundamental question of whether human insulin 
(rDNA) can be administered in a non-immunogenic 
way remains for future investigations. 
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