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Plasma samples from 20 patients with acquired cold urticaria were sludied. The Cl• 
esterase inhibitor activily was found 10 be low, but lhe total Cl -esterase inhibi1or concen­
tralion was normal. Prekallikrein, plasmin•arantiplasmin complex. and kallikrein-like 
activity were also found to be within normal limits. Cold-promoled activation of coagula• 
tion factor VII occurred in 45 % of the patient plasmas and resulted in a considerable drop 
in Ci-esterase inhibitor activity. Key words: Kallikrein-/ike acriuiry; Prekallikrein: Co/d 
actiuation of factor VII: Plasmin•arantiplasmin complex. (Received June 30. 1983.) 
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In cold urticaria histamine is released upon cold challenge of the skin and is casily 
demonstrated in the draining venous blood (I, 2). Pharmacological suppression of hista­
mine release does not inhibit the weal and flare reaction, indicating that inflammatory 
mediators other than histamine are involved in the pathogenesis of cold urticaria (3). In a 
previous report describing a delayed urticarial skin response to cold challenge it was 
suggested that exposure to cold could generate kallikrein-like activity and thereby kinin 
formation (4). 

The Ci-esterase inhibitor (Cl INH) is an inhibitor not only of Ci-esterase but also of 
kallikrein, plasmin and the Hageman factor (5, 6). Recently, a new method for determining 
Cl IN H activity in plasma has been described (7). Parallel estimations of Cl INH activity 
and Cl INH antigen can provide useful information about the involvement of the comple­
ment system, or the contact activation factors of the coagulation system, in various 
pathological processes. 

In the present investigation of plasma samples from patients with acquired cold urti­
caria, we were able to demonstrate a decreased activity of Cl INH with normal concentra­
tion of the Cl INH antigen. 

MATERIAL AND METHODS 

Patients. We studied 20 patients who attended our clinic bccause of acquired primary cold urticaria. 
The mean age was 28 years and the median 22 years (range 7--60 years). The conlrol group consisted 
of 15 healthy adults (25-35 years old). Plasma sarnples were collected during the winter season 
(January -February). 

Plasma. Nine volumes of blood obtained by venipuncture were transferred into siliconized Vacu­
tainer tubes (Becton-Dickinson, Mo., USA) containing one volume of 0.13 moVI citrate. The plasma 
was collected by centrifugation at room temperature, divided into several sealed plastic vials and 
stored at -70°C unlil used. 

Ci-esterase inhibitor (Cl INH) was purified from frcshly frozcn human plasma as described earlier 
(8). The purified protein was found 10 ful.fil the reported specifications (8). Electroimmunoassay (9) 
with an antiserum raised in a rabbit was used to determine the Cl INH concentration in plasma. The 
purified protein served as a standard, using a value of A �•;,:,cm, of 0.50 and a molccular weight of 
104000 (10). The active concentration of Cl INH in plasma was estimated according toa recently 
developed method based on lhe addition of an excess of purified Ci s to the sample, and mcasuring the 
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INH in 20 patients with cold urticaria 
(CU) and 15 healthy subjects (N) as 
measured by the activity method (left) 
and by electroimmunoassay (right). 
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remaining Cis by an amidolytic assay using the chromogenic Cis substrate D-Val-Ser-Arg-p-nitroani­
lide (S-2314) (7). The Cis used was prepared as described elsewhere (11). 

Prekallikrein was determined using the kit ·Coatest Prekallikrein'. a kind gift from Dr Petter 
Friberger, Kabi Peptide Research, Mölndal. Sweden. The development of the kit has been cxtensive­
ly documented (12). 

Kal/ikrein-like acriuity was determined by Friberger's method slightly modified (12). Thus. 20 µI of 
plasma were added to 0.6 ml of 0.3 mmovt S-2302 in 0.05 moln Tris buffer pH 7.6 containing 0.15 mol/I 
NaCI and the increase in absorbance at 405 nm (at 37°C) was recorded. 

Cold-promored acriuation of coagulation factor VII in plasma was carried out by incubating the 
plasma in sealed plastic tubes in an ice-bath for 24 hours. The prothrombin complex of the cold­
incubated samples. and of parallel control samples incubated at 20°C. was measured using Thrombo­
test (Nyegaard, Oslo, Norway). A shortening of the Thrombotest coagulation time iadicates that cold­
induced factor VII activation has occurred (13). 

Plasmin·o.rantiplasmin complex was measured by a recently described radioimmunoassay per­
formed as described (14). 

Reagents. The chromogenic tripeptide p-nitroanilide substrates S-2302 and S-2314 were kind gifts 
from Dr Petter Friberger. Kabi Peptide Research, Mölndal, Sweden. 

Srarisrics. Differences between group means were analyzed using the Student's 1-test. 

RESULTS 

Ci-esterase inhibitor and prekallikrein concentrations 

In Fig. 1 the results from the measurements of plasma conccntrations of Cl INH are 

shown. The concentration of Cl INH in the patient group, as measured by electroimmuno­

assay, 1.79 µmoVI ± 0.42 µmol/I (SD), is similar to that which was obtained in the control 
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Fig. 2. Cl INH antigen concen­

trations plotted against active 

concentrations ofCI INH in 15 
healthy �ubjects <•> and 20 pa­
tients wit.h cold urticarii, (0). 

The equation of thc lines are 

y= 1.06x--0.03 I (r=0.95) and 
y=0.97x+0.76 (r=0.77), respec­
tively. 

group, l .65 µmol/1 ± 0.24 µmol/I (SO). However, the active concentration of Cl INH in the 

patient group is only 1.05 µmol/I± 0.33 µmol/I (SO) whereas it is 1.59 µmol/I± 0.22 µmol/I 

(SD) in the control group. The difference is significant (p<0.001). 

From Fig. I it can also be calculated that in thc patient group the ratio of Cl INH activity 

to antigen is only 59%± 12% (SD). No patient has rnore than 77% of the activity that 
would be expected from the antigen concentration. In contrast the Cl INH in the normal 
subjects seems to be fully active. 

In Fig. 2, the Cl INH concentrations determined by electroimmunoassay are plotted 

against the values obtained by the activity method. lfthe data points are analyzed by linear 

least squares regression, the equation y=0.97x+0.76 is obtained (r=0.77) for the patient 
group. This can be compared to y= l .06x-0.03 l (r=0.95) obtained in the control group, 

and agrees well with the original report describing the activity assay (7). 

The results from determinations of prekallikrein were compared to the activity obtained 

in a pool of the plasma samples of the control group. The patient samples have a 

prekallikrein concentration of 99% ± 10% (SD) of the normal plasma pool. 

Kallikrein-like actiuity 

The determinations of kallikrein-like activity produced the results presented in Fig. 3. A 
large interindividual variation of this parameter has been reported (15) and was also found 

in the present study. No clearcut di!Terence between the patients and the control group can 

be seen. 

Furthermore, the small values for L1A40.1 nm obtained in alJ plasma samples indicate that 
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Fig. 3. Kallikrein-like ac1ivi1y ofplasma 
from 15 healthy subjects (N) and 20 

patients with cold urticaria (CU). as 
measured by the amidolytic activily on 
the chromogenic subMrate S-2302. 

very small amounts of prekallikrein were activated 10 kallikrein at :;ampling, dcmonstrat­
ing the validity of prekallikrein determinations with the activity assay used (see above). 

Plasmirr-ar(lntiplasmi11 complex 

Eighteen of the 20 patients did not contain measurable amounts of plasmin-arantiplasmin 
complex. This result is sirnilar to thc finding in normal individuals (14) indicating the 

absence of systemic activation of the fibrinolytic system in the cold urticaria patients. 

Cold-promoted actiuation of factor VII 

Nine of the 20 patients were found to be 'cold activators' as evidenced by the shortened 

clotting time after incubation of the plasma samples at 0°C for 24 hours. 

The cold-incubated plasma samples were subjected to determination of Cl INH activity. 

Thus, the group which exhibited cold activation (n=9) had a mean value of 0.42±0.21 (SD) 
µmol/I after exposure to cold compared to 1.12±0.30 (SD) µmol/I when left at room 
temperature ( + 20°C). The group which did not exhibit any cold activation (n= 11) had a Cl 

INH activity of 1.10±0.39 (SD) µmol/I after the ice-bath incubation and 1.00±0.35 (SD) 

µmol/I after incubation at + 20°C. 

In another experiment, the patient plasmas were made up to a further 3 µmol/I of Cl INH 

by the addition of 1/10 volume of a 30 µmol/I stock solution of the purified protein. No cold 

activation of factor VII could be elicited among !hese samples. 

There was no correlation between the plasma concentrations of Cl INH, prekallikrein, 

or kaUikrein-like activity which could be used to discriminate between thc 'cold activators' 

and the 'non-cold activators'. 

DISCUSSION 

ln patients with chronic urticaria Juhlin & Michaelsson (16) found that intradcrmal 

injection of kaUikrein caused an amplified wealing reaction, and therefore suggested that 
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changes in the concentrations of inhibitors of kallikrein or kallikrein-like enzymes might be 
involved in the development of urticaria (16). To test this hypo1hesis the plasma concen­
trations of protease inhibitors in patients with various forms of urticaria were studied 
extensively (17, 18). The results show that no major differences can be found that 
distinguish these patients from the control groups. This could be due to the fact that only 
the 101al plasma concentralions of the various protease inhibitors were measured. either by 
immunochemical tcchniques, or by relatively unspecific aclivity methods. However, the 
methodology dcveloped by Laurell et al. (19) for the study ofCi-subcomponent complcxes 
retlects the functional state of the proteolytic enzyme systems and their inhibitors rather 
than the plasma concentrations alone. 

We have reported earlier that some patients with chronic urticaria also cxhibit a form of 
cold urticaria, and suggested that activation of kallikrein might play a pathogenetic role in 
this condition (4). As it has recently become clear that the main inhibitor of kallikrein is the 
Cl INH (20), we measured the plasma concentration of Cl INH in a group of patients with 
classical acquired cold urticaria. by electroimmunoassay and by a newly developed 
specific activity assay (7). With this new assay a good I : I correlation (r=0.95) between Cl 
INH activity and antigen was found in plasma of normal individuals. as seen in Figs. I and 
2. The patients with cold urticaria had a normal concentration of Cl INH antigen. but a
significanlly reduced activity (Fig. I). However, there was still a good I: I correlation
(r=0. 77) between the antigen and activity measuremenls (Fig. 2). indicating that thc rea�on
for the low acuvity could be the presence of inactive forms of the Cl INH protein.

1n attcmpts to clucidate the reason for the presence of an inactive Cl INH fraction in 
patients with cold urticaria, we have performed several types of experiments. The experi­
ments with cold-promoted factor VII activation rcvealed that 45 % of the patients were 
'cold activators· as compared to about 15 % in the normal population (13). Furthermore, 
the cold activation resulted in a marked drop in the Cl INH activity, amounting to about 
0.6 µmol/I on average. However, the plasmas still contain measurable activities of Cl INH 
(0.4±0.2 µmol/I) after cold activation has occurred, in contrast to the findings in another 
report (21). The plasmas which did not become cold activated had the same Cl INH 
activity before and after cold incubation, and this activity was very similar to the activity 
of the 'cold activators'. This shows that the cold activation is primarily an event due to 
enzyme activation, irrespective of the plasma Cl INH activity. However, the enzymes 
involved must be susceptible to inactivation by Cl INH since the addition of purified Cl 
INH to the plasmas prevented cold activation. This supports the concept that the cold 
activation mainly depends on the activation of factor XII and prckallikrein (13, 22), since 
these enzymes are known to be susceptible to the Cl INH (6). 

However. our findings-normal plasma concentrations of prekallikrein and no evidence 
of increased kallikrein-like activity in the cold urticaria plasmas-indicate that cold­
promoted coagulation system activation is not responsible for the lowered Cl INH activity 
in cold urticaria plasma. Furthermore, the absence of detectable concentrations of plas­
min-arantiplasmin complex excludes activation of the fibrinolytic system as the reason 

for the low Cl INH activity. 
lf Cl INH-cnzyme complexes are responsible for the lowered Cl INH activity in cold 

urticaria, the cnzyme in question should thus be the Hageman factor. factor XI or Ci (6). 
An alternative explanation. however. could be the prescnce in plasma of abnormaUy 

functioning Cl INH molecules. We have recently found that Cl INH loses its activity in the 
presence of oxidative agents (T. Nilsson & K. Grankvist, in manuscript) but it is not 
known whether such reactions also take place in vivo. 

In conclusion, this study shows that our patients with cold urticaria have decreased 

activity of Cl INH but a normal total plasma concentration as measured by electroim-

14-848433 
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munoassay. At present, we do not know whether this is due to the presence of Cl INH in 
complex with proteolytic enzymes, or possibly to the presence of a less reactive fraction of 
Cl INH molecules. 

ACKNOWLEDGEMENTS 

We are grateful to Dr Björn Wiman for the antiserum used in thc radioimmunoassay of plasmin•ar 
antiplasmin complex. The authors lhank Mrs. Viviannc Enqvist for excellent secretarial assistance 
and The Edvard Welandcr Foundation and The Medical Faculty of the University of Umeå for 
financial support. 

REFERENCES 

I. Bentley-Phillips CB, Eady RAY, Greaves MW. Cold urticaria: inhibition of cold-induced hista­
mine release by doxantrazolc. J Invest Dermatol 1978; 71: 266-268.

2. Kaplan AP, Beaven MA. In vivo studies of the pathogenesis of cold urticaria. cholincrgic
urticaria, and vibration-induced swelling. J Invest Dermatol 1976; 67: 327-332.

3. Keahey TM, Greaves MW. Cold urticaria. Dissociation of cold-evoked histamine release and
urticaria following cold challenge. Arch Derrnatol 1980; 116: 174-177.

4. Bäck 0, Larsen A. Delayed cold urticaria. Acta Derm Venereol (Stockh) 1978; 58:369-371.
5. Nilsson T. On the interaction betwecn human plasma kallikrein and Cl-esterase inhibitor.

Thromb Haemost 1983; 49: 193-195.
6. Ratnoff 00. Smface-mediated defences agaiost injury. Arch Dermatol 1983; 119: 432-437.
7. Wiman B, Nilsson T. A new simple method for determination of Ci-estcrase inhibitor activity in

plasma. Clin Chim Acta 1983; 128: 359-366.
8. Nilsson T, Wiman B. Purification and characterizauon of human Ci-e�Lcrase inhibitor. Bioehim

Biophys Acta 1982; 705: 271-276.
9. Laurell CB. Quantitative estimation of proteins by electrophoresis in agarose gel containing

antibodies. Anal Biochem 1966; 15: 45-52.
10. Harpel PC. Ci-Inactivator. Methods Enzymol 1976; 45: 751-760.
1 I. Nilsson T, Wirnan B. Kinetics of the reaction betwcen human Ci-esterase inhibitor and Cir or 

Cls. Eur J Biochem 1983; 129: 663--067. 
12. Friberger P. Chromogcnic pcptide substrates. Their use for the assay of factors in the librinolytic

and the plasma kallikrein-kinin systems. Scand J Clin Lab lnvest (Suppl) 1982: 162.
13. Gjönaess H. Cold promoted activation of factor VII. Il. ldentilication of the activator. Thromb

Diath Haemorrh 1972; 28: 169-181.
14. Wiman B, Jacobsson L, Andersson M, Mellbring G. Determination of plasmin-arantiplasmin

complex in plasma samples by means of a radioimmunoassay. Scand J Clin Lab Invest 1983:
43: 27-33.

15. Lämmle B, Eichlisberger R, Marbet GA, Duckert F. Amidolytic activity in normal human plasma
assessed with chromogenic substrates. Thromb Res 1979; 16: 245-254.

16. Juhlin L, Michelsson G. Cutaneous reactions to kallikrein. bradykinin and histamine in healthy
subjects and in patients with urticaria. Acta Oerm Venereol (Stockh) 1969; 49: 26-36.

17. Doeglas HMG, Bleumink E. Protease inhibitors in plasma of patients with chronic urticaria. Arch
Derrnatol 1975; 111: 979--985.

18. Eftekhari N, Milford Ward A, Allea R, Greaves MW. Protease inhibitor profilc in urticaria and 
angioedema. Br J Dermatol 1980; 103: 33-39.

19. Laurell A-8, Mårtensson U, Sjöholm AG. Studies ofCI subcomponents in chronic urticaria and 
angioedema. lnt Arch Allergy Appl lmmunol 1977; 54: 434-442. 

20. van der Graaf F, Koedam JA, Bouma BN. lnactivation of kallikrein in human plasma. J Clin 
Invest 1983; 71: 149-158.

21. van Royen EA, Pondman KW. Blocking of Ci-esterase inhibitor by cold promoted activation of 
factor VII. J Immunol 1976; 116: 1753.

22. Scligsohn U, Österud B, Griffin JH, Rapaport SI. Evidence for the participation of both activated
factor XII and activatcd factor IX in cold-promoted activation of factor Vll. Thromb Res 1978;
13: 1049-1056.




