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Summary 

The relationship between the activity of the cystic fibrosis serum 
ciliary dyskinesia factor, detected by the rabbit tracheal bioassay, 
and clinical status of the patient has been investigated in children, 
1-24 years old, with cystic fibrosis. No significant correlation was 
found between the amount of serum factor activity and age, clinical 
status assessed by the Schwachman score, pulmonary function 
(vital capacity, functional residual capacity, total lung capacity, 
residual volume, maximum breathing capacity, maximal midinspir
atory flow, and maximal midexpiratory flow) or blood gas levels 
(pC02' p02). The activity showed no significant relationship to 
serum galactosyltransferase activity in children with cystic fibrosis. 

Speculation 

The substance responsible for the ciliary dyskinesia serum 
factor activity detected in children with cystic fibrosis may not be 
directly involved in the clinical syndrome or in its pathophysiology. 

In 1967, Spock et al. (16) demonstrated a factor in serum of 
patients with cystic fibrosis which was not present in normal 
children. A similar factor or factors have since been demonstrated 
in serum, saliva (7, 10), urine, and cultured skin fibroblasts (5), 
and lymphoblasts (8) from cystic fibrosis subjects, as well as in 
obligate heterozygotes for this disease. The factor(s) are low 
molecular weight, cationic peptides (6, 19) which influence ciliary 
activity (1) and promote mucus secretion (9, 17) in the rabbit 
trachea and the oyster gill (4). Mucociliary transport has been 
studied in cystic fibrosis and has been shown to be markedly 
reduced in comparison with the normal subjects (21, 22). It has 
not been established yet whether the serum factor influences 
mucociliary activity in the human lung (20). Despite this fact, 
there has been considerable speculation that the factor is closely 
related to the basic defect in this disease and that it may have a 
role in the pathogenesis of lung disease in cystic fibrosis. 

To evaluate the possible relationship between the serum factor 
and clinical aspects of lung disease in cystic fibrosis, the activity 
of the factor was assayed in patients and compared with various 
clinical pulmonary function parameters. 

The activity of serum factors in the bioassay has been compared 
with the levels of serum galadosyltransferase. Elevated levels of 
glycosyltransferase enzymes, which catalyze the transfer of car
bohydrates onto glycoproteins, have been observed in lung micro
somes (II) and in cultured skin fibroblasts (13). The enhancement 
of enzyme activity has been attributed to a basic disturbance in 
the regulation of glycosyltransferases (11) and to a secondary 
phenomenon resulting from their interaction with circulating basic 
polypeptides in cystic fibrosis (13). In this study, no significant 
relationship was observed between the level of serum factoractiv
ity and serum galactosyltransferase. 

MATERIALS AND METHODS 

clinic at The HOf-:ta: [or Sick Children were used in this study. 
Serum was separated and stored at -70°C. All samples were 
assayed within I week of collection. The children were in. the age 
range of 1-24 yr. Clinical data (Table 1), pulmonary funCtion, 
blood gas determinations were recorded at the time of 
of serum in the bioassay and for glycosyltransferase actlVlty. The 
following pulmonary function parameters were measured: 
capacity, functional residual capacity (FRC), total lung capacity 
(TLC), residual volume (RV), maximum breathing. capac!ty 
(MBC), maximal midinspiratory flow (MMIF) mld
expiratory flow (MMEF). The methods for exammmg these pa
rameters have been described previously (19) and values were 
calculated as percents of values predicted for normal children of 
that age. 

Galactosyltransferase activity was determined in serum as de
scribed previously (14). 

The rabbit tracheal assay for cystic fibrosis serum was carried 
out as described in detail previously (I). Briefly, explants of rabbit 
tracheal epithelium were maintained in organotypic culture for 
24-48 hr. Serum samples were then assayed by observation of 
epithelial surfaces. The activity of serum factor was recorded from 
the 1) discharge of material from the explant surface and 2) ciliary 
dyskinesia at different time intervals up to 30 min. The response 
was calculated as earliest response time for each parameter and as 
a numerical index of the rate of response (grade of intensity of 
response, 1-4, plotted against unit time). The results for seven 
patients compared in this way are summarized in Table 2. 

Duplicate samples collected from the same patient, gave similar 
activity in the assay, as judged by the earliest response time. These 
activity levels were similar in one patient for periods up to 1 yr. 

RESULTS 

SERUM FACTOR ACTIVITY 

Serum samples were grouped according to the earliest response 
time in the rabbit tracheal assay. Six groups were dermed: 1-5 
min, (I); 6-10 min, (II); 11-15 min, (III); 16-20 min, (IV); 21-25 
min, (V); and 26-30 min, (VI). 

Sera from most patients (n = 39) produced a response within 15 
min incubation; one patient showed a response in 20 min and one 
at 25 min; four patients' sera showed minimal response, detected 
only at 30 min. Sera from normal children produced no response 
within 30 min assay. 

CORRELATION WITH CLINICAL DATA 

Serum activity was compared with age, Schwachman score, 
respiratory function (MMIF, MMEF, MBC, TLC, RV /TLC and 
FRC/TLC) blood gases (pC02 and p02), and galactosyltransfer
ase activity (an index of plasma glycoprotein secretion). The 
results are summarized in Table 3. Data from patients showing 

Blood samples collected for routine investigation from 46 dif- response after 16 min were grouped together to allow statistical 
ferent patients with cystic fibrosis, attending the cystic fibrosis analysis. 
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Table 1. Clinical data 

Patient Sex Age Schwachman score Clinical G I Symptoms (Lung) Sputum Drugs l 

Group I 
S.T. F 10 75 + + + Ce, AI, In 
R.B. M 12 80 + + + Ce, AI, In 
J,A, f + ++ C,h 
J.O. M 18 70 '" '" '" AI, In 
P.O. F 18 40 '" '" '" AI, In 
J.O. P 19 45 '" '" '" L, T. AI. In 
J.S. F 19 85 '" +- L,T, AI 
S.p. P 24 45 '" +- +-+- L. S, In 

OrPllp II 
J.O. M 5 60 + +- +- In 
R.P. M 10 75 +- +- +- h, In 
L.O. F II 75 + +- +- CtI, AI, In 
R.O. M II 70 + '" +- CtI, AI, In 
K.C, M II 95 + +- +- L, AI, In 
K.V. M IJ 85 + +- + CtI, g, Am, AI, In 
R,H. M 14 70 + '" +-+- AI, In 
L.K. P 14 95 + g,Am 
J.P. F 75 + +- + 
J.L.. M 15 80 + + +-+ CtI, S, In 
J.M. M 15 40 +- + +- g , b 
D.M. M 16 65 +- +- +- L,AI, In 
H,C. M 11 75 + +- + CtI, AI, In 
S.O. M 11 90 +- +- +- L, b.ln 
M.L. F 17 50 + +- +- L,AI 
P.L.. M 17 90 '" '" +- CtI,AI, In 
K.L. M 17 85 +- + +- .. 
J.P. M 17 65 +- + + AI, In 
A.C. M 18 80 '" +- +- AI, In 
K.I. M HI + +- +- L,AI 
O,S. F 20 45 '" +- +-+- CtI, AI, In 
".M. P 21 45 +- +- +-+- AI, In 

OrPllp III 
J,C. M 1 90 '" +- AI, In 
J,P. P II 80 +- +- +- AI, In 
D,R. M II 75 +- +- + CIII, Tri, AI, In 
N.J. M 12 90 + +- +- L,b 
C,J, F U 93 +- +- + AI, In 
D,H, F 45 + +- +-+ L,AI 
O,M. M 18 70 + +- +- CtI, S, In 
R,A. M 24 80 '" +- + L, h, In 

OfllllP IV 
S.M. P U + +- +- S 
A,R. M 14 80 '" '" +-
P.S, P 14 60 '" +- +- In 
C.N, P Hi 30 +- +- +-+- L,S 
S,S, P 16 7) + '" + L, AI, In 
O.S, F 19 60 + +- +- M, Cllf, Tp, AI, In 
A.W. M 19 80 + +- + CtI,AI, In 

I AbbrtlvilltipnM fm A.Alllpent, Am-Ampicillin, C·CIPldllin, Ce.Cepprlln, Cllr,Cllrbenicillin, CIII,Clllbemin, In·lntlll, 18·hllprel, L·Linoocin, 
g.grberiin, S,SlIlblltllmgl. Tri·Trilimcinplpno. Tg.Tgbrllmycin, 

"Of WM low Imd the mngell of individual Schwl\chmlm licore In each 

Within groupa 1=111. within 15 min there group (Tl\ble I) Wl\ll !ilmihu. The IlpPl\rent trend wall not litl\tllitl· 

ftppeftred to be a trend towl\rdli older Cfttlentll higher lierum clllly "Ignlncllnt. 
fftCtOf Ilctlvlty. Thill Wftll not Iy lilgnl ICllnt. 

PUI,MON"RY fUNCTION "ND »won g,,:ms 
SCHWM,-:HM"N 5CORIl Trendll lndlel\tlng deerel\lied MMIF I\nd lncrealied TLC with 

An improvement In the averllge Schwachman score Willi ob· greater serum activity were not IitatistlcaUy filgnlflcant. Similar 
lierved between pfttlentli In group J. with higher Ilerum fftCtOf trendl! towaHI:! Inerelllied MBC Ilnd R V ITLC were not IilgnUlclmt. 
I\ctlvlty, and group n. with lower The average Schwach· Blood gll/i levell! lihowed no correlation with levell! of !ierum 
mlln licore for gnmp IV who Mhowed min mllllierum factor activity, Ilctlvlty. 



SERUM FACTOR IN CYSTIC FIBROSIS 731 

GALACTOSYLTRANSFERASE 

Serum galactosyltransferase activity was significantly lower in 
all cystic fibrosis patients than the levels reported for age-matched 
normal children (15). In comparison with serum factor activity, 
there was an increase in the mean values of galactosyltransferase 
activity in groups I-III; this trend was not statistically significant. 

DISCUSSION 

Recently, there has been considerable speculation as to the role 
of serum factors in the pathogenesis of cystic fibrosis, based on 
observations in rabbit and oyster gill tissues. However, it has been 
proposed as a contributory factor in the human respiratory tract, 
influencing mucociliary (14). Araki et al. (2) have mea
sured the electrical properties of rat jejunum in the presence of 
cystic fibrosis serum and conclude that active factors in cystic 
fibrosis serum may inhibit active sodium transport as well as 
passive permeability to ions. These measurements confirmed the 
earlier suggestion that the cystic fibrosis factor may be involved in 
the inhibition of sodium· transport (12). 

The clinical implications of the serum factor response have been 
questioned recently, by Warwick and Shapiro (18) who observed 
that more than 90% replacement of plasma volume in two cystiC\ 

Table 2. Comparison of response time and index of response rate 
of different patientsl 

Discharge Ciliary Dyskinesia 

Earliest Earliest 
response Index Response Index 

(min) of Rate (min) of Rate 

5 1.0 10 0.38 
5 2.0 10 0.8 

10 0.9 10 0.6 
10 0.9 10 0.14 
15 0.3 20 0.17 
15 0.3 25 0.17 
15 0.23 25 0.15 

1 The activity of serum factors in the rabbit tracheal assay was recorded 
as (l) earliest response tinle and as (2) a numerical index representing the 
rate of response derived from a plot of response in the assay vs. time. 

fibrosis patients caused no change in their sweat chloride levels. 
From this evidence, they have suggested that the cystic fibrosis 
factor in serum may not necessarily be involved in the clinical 
syndrome or its physiologic antecedents. A similar study was 
carried out in this hospital with six cystic fibrosis patients who 
received infusions of fresh frozen plasma. No change was detected 
in either the sweat chloride or the serum factor activity in five of 
these patients while one showed slight lowering of both sweat 
chloride and serum factor activity (authors' unpublished data). 
This evidence supports the fact that level of activity detected in 
the bioassay of cystic fibrosis serum does not, alone, reflect the 
physiologic or pathologic aspects of the disease on a direct basis. 
The presence of circulating cationic substances in patients with 
cystic fibrosis and their relevance to pulmonary clearance remains 
unclear. The fact that the activity of the serum factor bears no 
relationship to the degree of pulmonary involvement in individ
uals with cystic fibrosis and that similar active factors can be 
detected in asymptomatic carriers, who are obligate heterozygotes 
for this disease, suggests that the factors are not directly responsible 
for the pulmonary pathophysiology. One possibility which should 
be considered is that the presence of such circulating cationic 
peptides may contribute to the pathogenesis of lung disease in the 
presence of other predisposing factors such as infection. 

The clinical status and pulmonary function data show no sig
nificant relationship to the activity of serum factor in patients with 
cystic fibrosis. The lack of correlation indicates that this factor 
may not playa major role in the progression of lung disease, at 
least within the sensitivity of the present assay procedure. These 
results reflect the fmdings in a smaller group of patients in which 
there was a correlation between serum factor activity and muco
ciliary transport rates in the trachea of children with cystic fibrosis 
(22). In that study, the tracheal clearance rates were faster in those 
patients with higher serum factor activity. 

In slower reacting sera, group VI, most sera were from in
patients admitted to hospital with hepatomegaly and all had low 
plasma protein levels. The sera in this group showed a minimal 
response in the assay. This may indicate that certain protein 
components of serum are important in the activity determined in 
the assay system. Plasma protein levels were not available for all 
patients in groups I-III to allow direct comparison of this param
eter. 

Hyperactivity ofglycosyltransferases (11,13) has been proposed 
as a basic disturbance in cystic fibrosis. Rao et al. (13) have 

Table 3. Correlation of response in rabbit tracheal bioassay with clinical parametersl for CF patients 

Group' 

Clinical parameter II III IV 

Age 17.01 ± 1.4 14.9 ± 0.8 13.1 ± 2.3 16.1 ± 1.0 

Schwachman score 65.0 ± 6.6 71.6 ± 3.4 77.9 ± 5.5 62.1 ± 6.9 

Pulmonary function 
MMIF (% of predicted) 99.2 ± 8.8 98.9 ± 5.2 106.1 ± 7.0 75.8 ± 13.1 
MMEF (% of predicted) 49.2 ± 11.0 48.4 ± 6.7 48.8 ± 13.3 28.3 ± 12.7 
MBC (% of predicted) 83.5 ± 10.3 81.8 ± 4.6 78.2 ± 5.9 53.8 ± 8.5 
TLC (% of predicted) 105.6 ± 3.8 107.5 ± 2.6 114.0 ± 4.8 87.8 ± 6.7 
RV/TLC(%) 43.1 ± 5.1 38.3 ± 2.6 39.7 ± 3.2 52.3 ± 5.0 
FRC/TLC 58.0 ± 3.3 54.0 ± 2.0 54.1 ± 2.6 64.3 ± 4.0 

Blood gases 
pCO. 38.4 ± 1.5 39.5 ± 0.7 38.7 ± 1.0 43.0 ± 2.6 
PO. 76.5 ± 3.4 68.3 ± 2.0 73.1 ± 2.9 62.4 ± 4.8 

Galactosyltransferase activity 1285 ± 348 1399 ± 115 1689 ± 252 1427 ± 160 

1 Values represent the mean ± SE for each group. The serum factor activity is assessed from the tinle when the first changes are detected in the assay 
i.e., the earliest response time. For all sera, the earliest response represents discharge from the explant surface rather than ciliary dyskinesia. Similar data 
are obtained in comparing ciliary dyskinesia, but response tinles are slower. 

• Groups are defmed according to the earliest response tinle in the assay, as follows: I, 1-5 min; II, 6-10 min;·III, 11-15 min; IV, > 20 min. 
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suggested that the enhancement or-enzyme activity. observed in 
cultured skin fibroblasts may be secondary to their interaction 
with basic polypeptides. They may account for the elevated gly
cosyltransferase activity reported in lung microsomes (II) since 
these enzymes are activated by cationic substances such as poly
amines (3). The lack of activation which is observed in the serum 
galactosyltransferase enzyme does not support this hypothesis. 
However, it is possible that the serum enzyme may behave differ
ently from the intracellular membrane-bound glycosyltransferases 
in response to cationic substances. 
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