Serum Lipoprotein Concentrations in Cystic Fibrosis

Abstract. Two major classes of lipoproteins, low density and high density, are
decreased in the serum of patients with cystic fibrosis; major apoproteins are also
decreased. Since essential fatty acids and certain fat-soluble vitamins depend on
lipoproteins for transport in the serum, knowledge of lipoprotein levels in cystic fi-
brosis patients could prove valuable in understanding (i) the basis for the abnormal-
ly low serum levels of these fatty acids and vitamins and (ii) the effects of therapies

involving these molecules.

Cystic fibrosis (CF) is an inherited dis-
ease which, among Caucasians, occurs
once in 2500 live births (/). Fifty percent
of CF patients die before 21 years of age
(2). Although the molecular basis of CF
is unknown, studies of blood serum from
CF patients have revealed low concen-
trations of cholesterol (3) and linoleate
(an essential fatty acid) (¢). Symptoms of
vitamin deficiencies (A, K, and E) have
also been reported in CF patients (5). A
common denominator to each of these
observations is the fact that cholesterol,
linoleate, vitamins K and E, and B-caro-
tene, a precursor to vitamin A, all re-
quire lipoprotein for transport to various
tissues (6).

We now report that two major classes
of serum lipoproteins are significantly
lower in CF patients (7) than in controls
8). Both low density (LDL) and high
density (HDL) lipoprotein concentra-
tions were decreased in CF patients.

Four different, nonsequential methods
were used in our study. Electrophoresis
on sodium dodecyl sulfate (SDS)-poly-
acrylamide gel was used to study serum
proteins and the major apoproteins of

HDL and LDL. Agarose gel electro-
phoresis, analytical ultracentrifugation,
and refractometry were used to mea-
sure the concentrations of LDL, HDL,
and very low density (VLDL) lipopro-
teins.

High resolution electrophoresis on
SDS-polyacrylamide gel (9) was used to
compare serum proteins of CF patients
with those of controls. Gel patterns and
densitometer scans are shown in Fig. 1.
In this type of gel, protein migration dis-
tance is a function of protein molecular
weight (10). We observed that the visual
intensities of two bands, a high-molecu-
lar-weight band (250,000 daltons, apo B

~in Fig. 1) and a 28,000-dalton band (apo

A-1in Fig. 1), were consistently lower in
patterns from CF patient serums. Similar
molecular weights have been reported
for the major apoproteins within LDL
and HDL complexes (I1). Purified frac-
tions of HDL and LDL were prepared
(12). We confirmed our identification of
the two whole serum bands by running
proteins of the HDL and LDL fractions
in the same slab of gel as the whole
serum proteins. The major apoproteins

of LDL and HDL, apo B and apo A-I,
respectively, had migration rates identi-
cal to the whole serum bands which dif-
fered between patient and control (Fig.
1). Comparison of the densitometer
scans of the four gel patterns in Fig. 1
confirmed that the apo B and apo A-I
peaks were lower in the CF patients than
in the controls (/3). No other CF gel
band showed a consistent difference
from normal, suggesting that one major
difference between CF and normal se-
rum involves lipoprotein concentrations.
Lipoprotein concentrations of individual
CF patients are shown in Table 1. We
standardized the agarose data by com-
paring the concentrations of lipoproteins
on agarose to those obtained by analyti-
cal ultracentrifugation of portions of the
same serum (/4); a high correlation was
found between individual lipoprotein
values derived from agarose gels and the
ultracentrifugation—the correlation co-
efficient (r) for LDL was 0.91; for
VLDL, 0.94; for HDL, 0.85. We then
confirmed the standardization technique
by conducting refractometry studies of
the LDL’s (15). Total cholesterol and to-
tal triglyceride levels were also deter-
mined (16).

The values for LDL’s and HDL's de-
termined with agarose gel electropho-
resis were significantly lower (P < .01,
F test) in CF patients than in controls
(Table 1). The LDL and HDL values
from each patient were assigned a per-
centile rank, which was determined by
comparing a patient’s value to histo-

Table 1. Individual serum lipoprotein concentrations in CL patients and mean lipoprotein concentrations in adolescent controls. Clinical data for
CF patients are also shown. Abbreviations: LDL, VLDL, and HDL are low density, very low density, and high density lipoproteins, respective-
ly; GI, ratings of gastrointestinal problems in order of increasing severity (23); V, multivitamins including vitamins A, K, and E; EN, pancreatic
enzymes; A, antibotics; B, bile salts; S, anabolic steroids; M, male; F, female; N, total number. Group values are means = standard deviation. A
multiple comparison F test was used to compare control and normal values. The LDL and HDL values were ranked compared to control group

values.
P Lipoprotein concentration (mg/dl) Clinical data
a-

tient Rank Rank Age Height and
LDL (%) VLDL HDL (%) Sex (years) weight percentiles Gl Therapy

3 188 2.4 120 221 4.1 M 2 3/3 1 V,EN,A
4 302 46 155 135 0 F 3 10/10 2 V,EN
5 150 0 130 223 4.2 M 7 25/60 3 V,EN
6 210 6.9 74 257 7.2 F 9 30/30 1 V,EN,A
7 271 33 142 242 5.6 F 9 31 1 V,EN
8 308 49 158 257 7.2 F 9 3/1 1 V,EN
9 242 17 178 187 1.8 M 9 10/10 1 V,EN,B
10 203 S 22 206 3.1 M 13 10/1 2 V,EN,A,S
11 281 39 38 92 0 M 13 10/10 1 V.S
2 198 3.5 44 197 2.5 M 15 60/30 3 V,EN,A
12 141 0 100 265 8.4 F 15 40/20 2 V,EN,A
1 194 2.8 21 136 0 M 16 30/10 4 V,EN,B,S
13 133 0 46 265 8.4 M 16 60/25 4 V,EN,A
14 245 19 132 195 2.3 M 20 30/50 1 V,A
15 267 31 26 183 1.5 M 28 : 3/3 1 V,EN,A

N =15 222 = 57 92 + 56 204 = 52 123 £ 6.6

Controls

N =133 325 = 86* 76 = 47 380 = 87* 144 = 1.4

*P < .01,
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grams of control group values. Six out
of 15 patients had either an LDL or
HDL value lower than in any of the 33

Slightly higher VLDL values were ob-
served in the CF patients than in the con-
trols. This is in agreement with higher

controls. All HDL levels in the patients
ranked in the lower tenth percentile.

triglyceride levels in the CF group
(108 * 52 as opposed to 57 * 34 mg/dl),

Table 2. Mean lipoprotein concentrations in CF carriers and adult controls.

Lipoprotein concentration (mg/dl)

Subject N
LDL VLDL HDL
Male adult controls 40 416 = 83 119 = 65 243 + 83
Male CF carriers 4 391 = 69 174 + 54 257 = 70
Female adult controls 40 359 + 93 67 + 38 348 + 113
Female CF carriers S 448 + 81 106 = 28 310 + 93
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Fig. 1. (A) Gel patterns of serum proteins from three patients (CF,, CF,, CF;), and one normal
control (N). (B) Densitometer scans for normal control and CF,. Total gel length of the 9 per-
cent separating gel was 28 cm. Serum (100 ul) was dissolved in 2 ml of 4 percent SDS, S percent
glycerol, S percent B-mercaptoethanol, 0.064M tris-HCI, pH 6.8; 20 ul of this solution was used
for electrophoresis (9). Approximately 70 ug of protein were loaded into each gel slot. Densi-
tometer scans were obtained with a reflectance densitometer (model RFT, Transidyne). Rela-
tive peak areas for apo B and apo A-I were determined (I3).
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since VLDL’s are a major carrier for
serum triglycerides (6). Chylomicron
concentrations in nonfasted CF patients
and the fasted controls were low, as in-
dicated by very low staining at agarose
gel origins in both groups.

Cholesterol concentrations in our CF
patients were 34 percent lower (121 + 22
as opposed to 182 * 29 mg/dl) than in
controls (Table 1), a finding that con-
firms earlier reports (3). Since cholester-
ol values show little variation between
the ages of 5 and 20 years (17, 18), the
slight age differences between CF pa-
tients and controls are probably not a de-
termining factor here. Also, we found no
correlation between cholesterol and age
in either the patient or the control group.

While it appears from our findings that
a decrease in lipoprotein concentrations
is characteristic of CF patients, we also
examined other factors such as a dif-
ference in age, sex, diet, liver, and in-
testinal function for their possible contri-
butions to the depressed LDL and HDL
concentrations in CF patients.

The LDL concentrations did not cor-
relate with age in either group, even with
the 2-, 3-, and 28-year-olds included in the
CF group. The HDL levels, in contrast
to an absence of correlation with age in
the CF subjects, correlated inversely
(r = —0.41, P < .05) with age in the con-
trols. Therefore, the higher mean age in
the controls would tend to minimize
HDL differences between the two
groups. Other studies have found only
minor variations in LDL and HDL val-
ues in subjects between S and 20 years of
age (17). Therefore, it is very unlikely
that the differences in lipoprotein levels
between CF patients and controls are
due to age differences.

Within our group of CF patients, we
found no significant sex-related dif-
ference in lipoprotein levels; male and fe-
male CF values were therefore pooled
for calculation of means (Table 1). In our
adolescent control group, only the HDL
values were significantly different be-
tween the sexes (males, 346 mg/dl; fe-
males, 431 mg/dl). This sex-related dif-
ference in HDL values within the control
group does not change the conclusion
that HDL values are depressed (204 mg/
dl) in CF patients.

Autopsies of CF patients indicate fatty
infiltration of the liver in many cases
(19). To check whether our CF patients
had signs of liver malfunction, levels of
bilirubin and four specific serum proteins
were examined in 10 of the 15 patients
(20). Our results indicated (20) that five
of the CF patients had all test values
within the normal ranges, suggesting that
the decreased concentrations of LDL
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and HDL, seen in these and other CF pa-
tients, are probably not due to liver mal-
function.

Primary malnutrition (inadequate in-
take of nutrients) as a basis for depressed
LDL and HDL levels in CF patients can
be excluded since patients were not on
restricted diets and received supple-
ments of multiple vitamins and pancreat-
ic enzymes. In addition, HDL’s showed
no correlation with height or weight per-
centiles (Table 1). The LDL’s correlated
inversely with the height percentile
(r = —0.67, P < .01)—the opposite to
what one would expect if low levels of
LDL were due to malnutrition.

Many CF patients have steatorrhea
(fatty stools). Since low fat diets can re-

- duce steatorrhea, CF patients might tend
to eat less fat and more carbohydrates.
Studies have shown that individuals on
high carbohydrate (90 percent), low fat
(10 percerit protein, zero fat) diets have
increased triglyceride and VLDL levels
and depressed cholesterol, LDL, and
HDL levels (27). Similarly, we found ele-
vated triglyceride and VLDL levels and
depressed cholesterol, LDL, and HDL
levels in CF patients. The CF patients,
however, were not placed on low fat
diets and received enzymatic supple-
ments which included lipases to aid fat
digestion. Malabsorption, rather than
diet, may be an important influence on
CF lipid and lipoprotein levels. In stud-
ies of patients with various forms of mal-
absorption (on diets with 70 g of fat per
day) very similar shifts have been report-
ed in triglycerides, VLDL, total choles-
terol, LDL, and HDL compared to con-
trols (22). In the malabsorption studies
cited (22), malabsorption was measured
by fecal fat excreted, which correlated
inversely with LDL levels in male mal-
absorbers (r = —0.61, P < .05). While
we did not measure fecal fat in CF pa-
tients, gastrointestinal (GI) problems
(including symptoms of malabsorption)
were graded 0 to 4 in order of increasing
severity (23, 24). Scores for individual
patients are listed in Table 1 along with
the therapy we instituted. In CF males,
LDL and total cholesterol correlated in-
versely with GI scores (r = —0.77,
P < .01; r=—0.88, P < .001, respec-
tively). Since GI problems included mal-
absorption symptoms and since LDL
values correlated inversely with the GI
scores, low LDL levels may relate to
malabsorption in the CF male. In gener-
al, the findings of low levels of LDL are
in accord with malabsorption symptoms
because (i) LDL is the major carrier for
cholesterol and B-carotene (6), and (ii)
decreased levels of cholesterol and S-
carotene are indicators of possible mal-
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absorption (25). In addition, normal lipid
absorption appears to require apo B,
which is synthesized and found in in-
testinal epithelial cells (26); therefore,
from the decreased concentrations of
apo B in the serum of male CF patients
(Fig. 1), one could again argue that mal-
absorption is possible.

We found no correlations between
HDL levels in CF patients and their clin-
ical symptoms. However, HDL levels
were uniformly depressed (lower tenth
percentile) in all CF patients, in spite of
great individual variations in growth
rates, clinical symptoms, and therapies.
Further research will be needed to deter-
mine whether these low HDL levels are
indeed characteristic of CF.

The serum lipid and lipoprotein levels
of nine CF carriers (heterozygotes) were
found to be within the normal adult range
(Table 2). Since CF carriers are free of
any symptoms, the decreased cholester-
ol, LDL, and HDL concentrations seen
in CF patients may be related to the
phenotypic expression of the disease
rather than some benign characteristic of
CF heterozygotes and homozygotes.

Knowledge of lipoprotein concentra-
tions in the CF patient, irrespective of
the cause of depressed LDL and HDL,
may prove important in CF therapy. For
example, CF patients have been treated
both intravenously and orally with prep-
arations rich in linoleate (27). Since lino-
leate requires lipoproteins for transport
in the serum, knowledge of lipoprotein
concentrations could provide a better
understanding of the effects of linoleate
therapy. For the same reason, such
knowledge could also help in evaluating
vitamin A, K, and E therapy in CF pa-
tients.
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Saturnine Gout: Lead-Induced Formation of Guanine Crystals

Abstract. Intravenous injection of a sublethal dose of lead acetate into a domestic
pig resulted in a 4.5-fold increase of guanine in the urine, indicating an impairment in
the conversion of guanine to xanthine. This impairment is probably due to the inhibi-
tion of guanine aminohydrolase (guanase), since the activity of this enzyme is inhib-
ited by Pb** (the inhibition constant being 3.0 X 10~°M). Postmortem histological
examination revealed concretions of crystalline material in the epiphyseal plate of
the femoral head. Extraction of the section containing the concretions showed that
they were guanine. The relation of these findings to saturnine gout is discussed.

That there is a relation between lead
intoxication and gout has been known
for more than a century (/), and a few
clinical studies that distinguish saturnine
from typical gout have been published
(2, 3). Saturnine gout differs from typical

gout in that (i) it occurs earlier in life, and
is not hereditary; (ii) more women are af-
flicted, and often before menopause; (iii)
acute attacks are less frequent; and (iv)
often there is a history of lead in-
toxication in childhood. Other studies

Fig. 1. (A) Appearance of crystalline material in a section of the epiphyseal plate of the femoral
head. The proximal and distal epiphyseal plate were processed for histological examination as
described by Gomori (8). (B) Close-up of the largest crystal cluster.

Table 1. Effect of Pb** on guanine concentration in urine. One hundred milliliters of urine were
acidified to 0.01M with 12M HCI, and 3 nmole of [**C]guanine (40 mCi/mmole) was added for
monitoring guanine during purification and for calculating the recovery of guanine. The acidified
urine was passed through a Dowex 50 H* column (2.5 by 40 cm) and washed with water until
absorbance of the eluate dropped below 0.05. The guanine was then eluted with 1.5N HCI (310
to 400 mi). The guanine was concentrated by flash evaporation, and the pH was adjusted to 9.0;
the sample was then adsorbed to a Dowex 1-formate column (1.5 by 13 cm). The column was
washed with water, and the guanine was eluted with 1M formic acid (48 to 69 ml). The sample
was taken to dryness and dissolved in 0.01M HCI. The guanine was readsorbed to Dowex 50 H*
and eluted with a linear gradient (0 to 3M HCI). Guanine concentration was calculated from its
absorbance at 249 nm. The creatinine concentration was determined in the clinical laboratories
of The University of Tennessee Memorial Hospital. Recovery of guanine was of the order of 50
percent.

Guanine Creatinine Guanine
Time (nmole/100 ml (mg/100 ml (nmole/mg of
of urine) of urine) creatinine)
Before injection 6.4 135 0.047
24 hours after Pb** 27.2 125 0.218
48 hours after Pb?* 22.2 155 0.143
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have shown that attacks of arthritis in
saturnine gout are not well correlated
with blood uric acid levels and that some
precursor of uric acid may be involved
4). These observations suggest that sat-
urnine gout and typical gout differ at the
molecular ievel. Since saturnine gout is
still present in modern times (5), we un-
dertook a study of the etiology of the dis-
ease.

We found that the enzyme guanine
aminohydrolase (guanase), which cata-
lyzes the hydrolytic deamination of
guanine to xanthine, was exquisitely sen-
sitive to Pb%**. Guanine is a highly in-
soluble purine, and the possibility that
saturnine gout was caused by accretions
of guanine resulting from inhibition of
guanase was explored. The inhibition of
guanine by Pb** is noncompetitive, and
hasa K; of 3.0 X 107°M. At 1.0 X 107%M,
the degree of inhibition was 36 percent:
and, at 1.0 X 107°M, it was 88 percent.
By comparison, xanthine oxidase was
not inhibited by Pb?* when tested in con-
centrations up to 4.0 X 107°M.

In order to test the hypothesis that
Pb%* causes accumulation of guanine in
vivo, we chose the pig as our animal
model because of its low reserve of guan-
ase (6, 7). A Yorkshire sow (32 years
old) weighing 180 kg, in excellent health
with no apparent joint pathology, was
catheterized, and urine samples were
collected prior to and after intravenous
injection of 11 ml of 1M lead acetate dis-
solved in isotonic glucose. Urine sam-
ples, collected at 24 and 48 hours after
injection, were analyzed for guanine and
for creatinine. The guanine values were
normalized to the creatinine concentra-
tion to correct for diurnal fluctuations in
urine output. The guanine concentration
rose 4.5-fold in 24 hours and remained
elevated after 48 hours (Table 1).

After the 48-hour-period the pig was
killed and immediately exsanguinated;
the femoral head was then prepared for
histological examination. Examination
of the epiphyseal plate revealed crystal-
line accretions (Fig. 1). The accretions
were needles with approximate dimen-
sions of 3 by 30 um having a round nod-
ule at one end. The bone segment con-
taining the crystals was deparaffinized
and extracted with 0.1M HCI; and a
small amount of [*C]guanine was added
as marker. The HCI extract was purified
by a method similar to that used above
for quantifying guanine in urine. The fi-
nal product showed a spectrum identical
to that of guanine with a peak at 249 nm
and a shoulder at 270 nm. The absorption
ratios at 280 : 260 and 250 : 260 nm were
0.87 and 1.31, respectively, which com-
pares favorably with the values of 0.84
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