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ABSTRACT The cellularity of normal and lipoma-
tous adipose tissue and its response to different
lipolytic agents have been studied in a group of 10
patients with multiple symmetric lipomatosis (MSL).

In MSL patients, fat cells from lipomatous tissue are
smaller than normal, uninvolved adipocytes. Fat cells
from lipomata show minimal variations in size follow-
ing conspicuous increase of lipomatous masses. These
findings suggest that the growth of lipomata can be
attributed to the neoformation of adipocytes rather
than to an enlargement in the single fat cells.

The incidence of reduced glucose tolerance and of
hyperlipoproteinemia is similar in MSL patients and
in controls. A significant reduction in plasma free
fatty acids was observed in MSL patients after a 24-h
fast as well as after noradrenaline infusion.

A specific insensitivity of lipomatous tissue to the
lipolytic effect of noradrenaline and isoprenaline was
observed in vitro, as indicated by glycerol release in
the medium, whereas response to theophylline and to
dibutyryl cyclic AMP was retained. The lipolytic re-
sponse to catecholamines was normal in the nonlipom-
atous adipose tissue of MSL patients. In basal con-
ditions ATP concentrations were similar in normal and
in lipomatous adipose tissue. However, incubation
with noradrenaline induced a significant fall in intra-
cellular ATP levels in normal tissue, whereas no varia-
tions were observed in lipomatous tissue. Theophyl-
line, instead, induced a prompt and significant de-
crease in intracellular ATP levels in lipomatous tissue.
These obervations indicate that the block in catechol-
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amine-stimulated lipolysis in lipomatous tissue of MSL
patients can be localized at a level preceding the forma-
tion of cyclic AMP.

INTRODUCTION

Multiple symmetric lipomatosis (MSL)! or Launois-
Bensaude lipomatosis (1, 2) is a disease characterized
by the formation of nonencapsulated lipomas, situated
symmetrically at the neck, the nape of the neck, the
shoulders, the supraclavicular and deltoid region, the
abdomen, groin, and buttocks (3-8). The lesion most
likely originates in the subcutaneous adipose tissue,
subsequently penetrating between the muscular fascia
or in the spaces between organs, apparently following
the path of least resistance. Although this disease is
usually asymptomatic, it may cause severe complica-
tions due to tracheal, laryngeal, and mediastinal com-
pression (9-13). Moreover, spontaneous regression of
lipomatous masses has been described (14).

The pathogenesis of MSL is unknown. Alcoholism,
with more or less severe hepatic involvement (9,
14-17), has been reported. Association of reduced glu-
cose tolerance and hyperinsulinemia (5, 18-21),
hyperlipoproteinemia (5, 15, 18), hyperuricemia (5, 10,
15, 19-21), and renal tubular acidosis (19) has also
been described.

In vitro studies evaluating lipolysis or lipid synthe-
sis in lipomatous adipose tissue have not been reported
in literature.

The purpose of our investigation was to study the
cell size of lipomatous and normal adipose tissue of
10 MSL patients and the cells variation following
increase in lipomatous masses or in total body fat. In

'Abbreviation used in this paper: MSL, multiple sym-
metric lipomatosis.
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addition, some aspects of in vivo and in vitro lipoly-
sis were studied to identify possible specific metabolic
alterations in both lipomatous and normal tissue in
these patients.

METHODS

10 males affected with MSL, ranging in age from 26 to
57 yr, were studied. Volume and extension of lipomata varied
and in some cases only the nap of the neck and the
shoulders presented round, distinct masses =6-8 cm in
diameter (Fig. 1). In others, there was a symmetric involve-
ment extending to the deltoid region, the anterior wall of the
chest, the abdomen, and the groin. The 10 MSL patients
and a control group of 10 healthy subjects, matched for age,
underwent the following tests:

Inhibition of lipolysis by oral glucose loading. 100 g of
glucose diluted in 200 ml of water was administered. Venous
blood samples were collected at 0, 30, 60, 90, and 180 min
for determination of free fatty acids (FFA), blood glucose, and
plasma immunoreactive insulin. Glucose was determined
enzymatically, insulin by radioimmunoassay (22), and FFA by
the titrimetric method (23).

Inhibition of lipolysis by insulin. 0.1 U of glucagon-free
insulin/kg body weight was rapidly injected i.v. Venous blood
samples were taken at 0, 20, 40, 60, 90, and 120 min for
plasma FFA and blood glucose determinations.

FFA mobilization during a 24-h fast. Fasting was begun
at 7 p.m. and samples for plasma and glucose determinations
were collected at 9 a.m., and 1, and 7 p.m. of the following
day. Patients and controls were instructed to maintain absolute
rest during the fast and allowed water ad lib.

Noradrenaline-induced FFA mobilization. 150 ug of nor-
adrenaline bitartrate, diluted in 100 ml of saline, was ad-
ministered i.v. over 20 min. Venous blood samples were col-
lected at 0, 20, 30, 40, 60, 90, and 120 min for plasma
FFA determinations.

Fat cell sizing. Determination of adipose cell size was
carried out according to the method of Sjostrom et al. (24).
Tissue fragments were obtained either by percutaneous
needle biopsy or by surgical biopsy from central zones of
the lipomata and adjacent, uninvolved areas. In the control
group, adipose tissue biopsies were always carried out at the
gluteal region. In three patients, biopsy of normal and patho-
logical adipose tissue was repeated following conspicuous
weight loss achieved by means of 800-cal diets. In one pa-
tient, biopsy was repeated following a marked increase in
the volume of the lipomatous masses. Body fat mass was
calculated according to the formula of Edwards and White
(25). Lipoprotein electrophoresis was carried out on agarose
gel (26) and typing of hyperlipoproteinemia was made ac-
cording to Fredrickson’s and Lees’ classification (27).

In vitro study of lipolysis. Surgical biopsies of lipomatous
and normal subcutaneous adipose tissue were obtained from
five patients under local anesthesia with Xylocaine (Astra,
Sédertilije, Sweden). Normal adipose tissue was taken from un-
involved regions as close as possible to the lipomatous masses.
The fragments were placed in saline at 20-25°C and immedi-
ately transferred to the laboratory. Tissue slices weighing 100
+5 mg were placed in 1.9 ml of Krebs-Ringer bicarbonate solu-
tion, pH 7.2, containing 3.5% bovine albumin. After preliminary
incubation in a metabolic shaker at 37°C for 30 min, lipolytic
agents (noradrenaline, 10 uM; isoprenaline, 10 uM; dibutyryl
cyclic AMP, 10 mM; 10 mM, and theophylline 3 mM were
added.

In order to study the time-course of lipolysis in lipomatous
adipose tissue, a parallel incubation experiment with nor-

1222

FIGURE 1 Typical aspect of a patient with MSL. Lipomata
appear as round, circumscribed masses in the supraclavear
region and at the neck. Lipomatous masses have spread to
the chin to form a Madelung collar. Signs of mediastinal
compression are present.

adrenaline or theophylline was also carried out. In the latter
experiment, incubation was halted at 30, 40, 90, and 150
min by adding 0.1 ml 2.5 N H,SO, to each assay. Due to the
insufficient amount of fat samples, this study was not carried
out on normal subcutaneous adipose tissue.

At the end of the incubation periods, tissues were immedi-
ately separated from the medium by vacuum filtration and
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then homogenized in 2 ml of distilled water in a Potter-
Elvehjem homogenizer. The homogenate was directly trans-
ferred to the extraction mixture for FFA and glycerol deter-
mination. FFA in the medium and in the tissue and glycerol
in the medium were titrated according to the methods of Dole
(23) and Korn (28), respectively, and expressed as micro-
equivalents FFA or micromoles glycerol per gram of fresh
tissue.

ATP determination in adipose tissue. ATP extraction was
performed according to the Bihler and Jeanrenaud method
(29) with the following modifications. After filtration under
vacuum, fat samples were immediately transferred into vials
containing 3 ml of 0.1 M glycine-NaOH buffer, pH 1.1, and
heated to 95°C in a water bath. The samples were incubated
at 95°C for 15 min with occasional shaking, cooled, and then
centrifuged at 0°C for 7 min at 7,000 rpm. The supernate
was removed by suction and transferred into cooled, graduated
vials for ATP determination. The overall recovery of the
synthetic nucleotide added to the control samples was be-
tween 80 and 95%. In each experiment, data was corrected
for recovery.

The ATP content of alkaline glycine extracts was deter-
mined by the luciferin-luciferase method of Strehler and
Trotter (30, 31), as adapted by Bihler and Jeanrenaud (29).

The enzyme solution was obtained by dissolving a com-
mercial firefly tail extract in 0.33 M arsenate buffer, pH 7.4,
containing 0.02 M MgSO,. The concentration of the enzyme
was 0.15 mg dry extract/ml which, in our experimental con-
ditions, gave a linear relation of counts/minutes to ATP
concentrations between 0.25 and 5.0 nmol/vial.

The very high initial activity of the enzyme solution de-
clined rapidly during the 1st h and then remained quite
stable for several hours. For this reason fresh enzyme solu-
tions were prepared daily, kept at 4°C and then used 90
min later.

All results have been expressed as nanomole ATP per gram
of fresh tissue. Statistical analysis was done by Student’s t
test.

RESULTS

The average overweight of our MSL patients ranged
from —12.7 to +37.2% of their ideal body weight (Table
I). All the patients presented very reduced develop-
ment of normal subcutaneous adipose tissue. Average
thickness of the cutaneous fold in the middle anterior
region of the thigh was 6.8+0.7 mm, this was sig-
nificantly less than that of control subjects matched
for age (9.4%0.5 mm; P < 0.01). It appears that body
fat excess in MSL patients is due exclusively to the
presence of lipomatous masses, even if it is not
technically possible to evaluate the weight of normal
and lipomatous tissue separately.

Fat cell sizing. Average weight of the adipocytes
from lipomata, expressed as microgram of triglyceride
per cell (0.49+0.07 ug), was not significantly lower than
that of normal uninvolved adipocytes (0.65+0.08
ung). Average adipocyte weight in controls (0.68
+0.09 ug) was not significantly different from the value
observed in the normal adipose tissue of MSL patients
(Table I).

The three patients whose adipose mass decreased
by 32.9, 17.2, and 37.2% after a hypocaloric diet,
had a correlated reduction in normal adipocyte weight
of 37.0, 16.6, and 39.0%, respectively. Reduction in
lipomatous adipocyte weight, however, was constantly
lower (20.4, 10.5, and 27.3%, respectively) (Table II).

The patient with an observed increase of the lipom-
atous masses had the average weight of the adipo-
cytes vary from 0.45+0.6 to 46+0.6 ug (Table II). The

TABLE I
Anthropometric and Metabolic Parameters and Fat Cell Weight of Normal and Lipomatous Adipose Tissue in MSL Patients

Ideal Body Fat cell wt.* Lipo-
Body body Over- fat protein
Patient Age wt. Height wt. weight mass N L Cholesterol Triglycerides pattern Uric acid
yr kg cm kg % kg ng ng mg/100 ml mg/100 ml mg/100 ml
C. B. 39 81.8 176 72.8 11.0 23.3 0.59 0.32 205 110 Normal 4.60
C. 0. 49 745 168 65.1 12.6 23.1 0.53 0.38 215 125 Normal 5.10
C.S. 57 81.5 169 65.8 19.3 27.3 — 0.23 170 140 Normal 4.70
I.A. 32 60.3 170 66.3 -10.0 13.0 0.66 0.60 188 110 Normal 5.00
M. G. 43 51.6 160 582 -12.7 12.1 — 0.40 170 93 Normal 3.30
P. D. 56 740 175 72.0 2.7 18.6 041 0.46 273 285 IIB 6.60
S. G. 56 774 172 68.3 11.8 24.1 1.08 0.98 190 108 Normal 8.20
T. R. 49 92.5 171 67.4 372 33.6 0.84 0.76 171 155 Normal 8.20
V. A. 41 67.7 169 65.8 2.8 18.2 047 0.33 232 98 Normal 5.00
Z.A. 26 60.0 163 60.2 -0.3 14.5 0.59 0.44 302 120 IIA 4.10
m+SEM 454 72.1 169 66.2 6.4 20.8 0.65 0.49 212 134 5.48
+34 *39 *1.5 =14 +39 *22 +0.08 +0.07 +14.4 +18 +0.5
Controls 43.2 742 168 66.0 8.4 23.5 0.68 — 204 117 5.28
m+=SEM +24 *45 *16 =12 +*42 *25 =*0.08 —_ +31 *23 *0.7
* N, normal subcutaneous adipose tissue; L, lipomatous adipose tissue.
Multiple Symmetric Lipomatosis 1223



TABLE II
Variation in Fat Cell Weight of Lipomatous and Normal Adipose Tissue in MSL Patients after Reduction in
Body Fat Mass (S. G., T. R., Z. L.) and after Increase in Lipomatous Masses (P. D.)

Variation of
Fat cell wt. fat cell wt.*
Variation
Patient Body wt. Overweight Fat mass N L of fat mass N L
kg % kg ne % %

S. G.

Before 774 +11.8 24.1 1.08 0.98

After 67.0 -19 16.2 0.68 0.78 -32.9 -370 -204
T. R.

Before 92.5 +37.2 33.6 0.84 0.76

After 85.0 +26.1 27.8 0.70 0.68 -17.2 -166 -10.5
Z. L.

Before 60.0 +0.2 14.5 059 044

After 52.3 -13.3 9.1 036 0.32 -37.2 -39.0 -273
P. D.

Before 74.0 +2.7 18.7 041 045

After 78.1 +8.5 21.4 040 0.46 +14.4 -24 +2.1

* N, normal subcutaneous adipose tissue; L, lipomatous adipose tissue.

slight increase in the volume of the single adipocytes
does not, therefore, justify the marked increase ob-
served in the lipomatous masses.

Inhibition of lipolysis during oral glucose tolerance
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oral glucose load in MSL patients (®) and in controls (O)

(SE of the mean is shown by the vertical bars).
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test and insulin sensitivity test. No significant differ-
ences were found between plasma FFA decrease after
glucose loading (Fig. 2) and after insulin injection
(Fig. 3) in MSL patients and in controls, even if con-
stantly lower FFA values were observed in the former.
Blood glucose and plasma immunoreactive insulin be-
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(B) values after i.v. injection of insulin in MSL patients
(®) and in controls (O). (SE of the mean is shown by the verti-

cal bars).
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** P < 0.05.

havior was similar in MSL patients and in the controls
(Figs. 2, 3).

Fasting lipolysis. Average FFA values after an
overnight fast were lower in MSL patients as compared
to the controls, but the difference was not statistically
significant (Fig. 4). During fasting a smaller increase
in plasma FFA levels was observed in MSL patients.
After a 24-h fast, plasma FFA values in MSL patients
were significantly lower than those of the controls
(P <0.05). Average glucose values during fasting
were not significantly different in MSL patients
than in the controls (Fig. 4).

Noradrenaline-induced FFA mobilization. Nor-
adrenaline-induced FFA mobilization in MSL patients
was also reduced. Mean FFA values were significantly
lower at 30 and 60 min in MSL patients, when com-
pared to those of the controls (Fig. 5).
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FIGURE 5 Variations in plasma FFA values after noradren-
aline infusion (NE) in MSL patients (@) and in controls
(O) (SE of the mean is shown by the vertical bars) *0.05
<P <0.1; * P <0.05.

Time-course of FFA and glycerol release induced by
noradrenaline and theophylline in lipomatous adi-
pose tissue incubated in vitro. A defect in the
noradrenaline-stimulated lipolysis was observed in
lipomatous tissue, while theophylline induced a net
lipolytic effect. In fact, glycerol levels in the medium
increased progressively in the presence of theophylline
but were unchanged in the presence of noradrenaline
(Fig. 6).

Lipolytic effect of isoprenaline, dibutyryl cyclic
AMP and theophylline on lipomatous and normal
adipose tissue incubated in vitro. Basal lipolytic ac-
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FIGURE 6 Effect of 10 uM noradrenaline (NA) and of 3 mM
theophylline (TH) on glycerol release in lipomatous adipose
tissue.
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TABLE III
Effect of Different Lipolytic Agents on FFA and Glycerol Release in
Subcutaneous and Lipomatous Adipose Tissue

FFA (Medium plus tissue)

Glycerol in the medium

Drugs in the medium N L

N L

neqlg fresh tissue/l80 min

- 3.63+0.87 3.43+0.92
Noradrenaline 10 uM 6.77+0.28 5.40+0.61
Isoprenaline 10 uM 10.77+1.09 3.28+1.25
db-cAMP 1 mM 12.53+1.64 17.27+0.48
db-cAMP 10 mM 21.76+2.70 27.34+1.43
Theophylline 3 mM 17.14+3.10  24.96+1.07

uMlfresh tissue/180 min

1.43+0.23 1.43+041
NS 2.53+0.55 1.25+0.12 P <0.05
P < 0.001 3.14x0.14 1.15£0.09 P <0.001
P < 0.02 4.62x0.64 6.83+0.70 P <0.05
P <0.01 7.98+0.69 7.26+0.53 NS
P <0.01 5.56+042 6.75+0.87 NS

Each value represents the mean (+SEM) of 3 to 10 assays from five experiments.
P values were determined vs. normal subcutaneous adipose tissue.

tivity was similar in normal and lipomatous adipose
tissue of MSL patients. The addition of lipolytic agents
demonstrated that lipomatous tissue is insensitive not
only to noradrenaline but even to the lipolytic action
of 10 uM isoprenaline. 10 mM and 1 mM dibutyryl
cyclic AMP and 3 mM theophylline, on the other
hand, retained their lipolytic effect (Table III). In
contrast to lipomatous tissue, the lipolytic response to
10 uM noradrenaline and 10 uM isoprenaline as well
as to 3 mM theophylline and 10 mM and 1 mM
dibutyryl cyclic AMP was present in normal sub-
cutaneous fat.

Effect of noradrenaline on ATP levels in lipomatous
and in normal subcutaneous adipose tissue incubated
in vitro. Due to limited subcutaneous adipose tissue
availability, the effect of 10 uM noradrenaline on
intracellular ATP levels in normal adipose tissue
was determined only at the end of the incubation
period. Basal ATP levels were similar in normal and in
lipomatous tissue. However, noradrenaline induced
a significant reduction (P < 0.001) in intracellular ATP
content only in normal tissue (Table IV).

Time-course of intracellular ATP variations induced

TABLE IV
Effect of Noradrenaline on ATP Levels in Lipomatous
Adipose Tissue and in Normal Subcutaneous
Adipose Tissue

Drug in the medium L N
nmol ATPIg fresh tissue/150 min
— 54.37+1.03 57.77+0.58
Noradrenaline 10 uM 47.12+2.44* 33.90+0.521

*{ Statistical analysis with Student’s ¢ test: * P NS § P < 0.001.
P values were determined vs. respective controls (assay
without drugs).
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by noradrenaline and theophylline in lipomatous
adipose tissue incubated in vitro. In the absence of
lipolytic agents (control samples), intracellular ATP
levels did not vary during the incubation period (Fig.
7). ATP concentrations in lipomatous tissue did not
vary even after the addition of 10 uM noradrenaline.
Theophylline 3 mM, instead, induced a rapid, highly
significant reduction (P < 0.001) in intracellular
nucleotide levels. At the end of incubation, ATP
levels were 40% lower than those of the control
samples.

DISCUSSION

The etiology and pathogenesis of MSL is unknown.
Most reports indicate that MSL is associated with al-
coholism, reduced glucose tolerance, dyslipidemia,
hyperuricemia, or gout. However, the disparity and
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FIGURE 7 Effect of 10 uM noradrenaline (NA) and 3 mM
theophylline (TH) on intracellular ATP levels in lipomatous
adipose tissue.

Enzi, Dorigo, Prosdocimi, Mazzoleni, Inelmen, and Baritussio



inconstancy of these associations with MSL seem
to negate a causal relationship. In our 10 patients, the
incidence of reduced glucose tolerance or of hyper-
lipemia is similar to that observed in the presumably
healthy control group. It would seem, therefore, that
MSL is a primary, specific disease of adipose tissue.

Lipomatous adipose cells are smaller in volume than
normal adipocytes. At the same time, an increase in
lipomatous masses takes place without a corresponding
enlargement in the volume of the adipocytes. These
observations suggest that lipomatous masses form
and grow by a hyperplastic mechanism. In the adult,
adipose tissue is of a definitive nature. Cellular pro-
liferation, therefore, takes place by means of a neo-
plastic-like cell multiplication, or through a differentia-
tion of preexisting cells.

In has been hypothesized that lipomatous masses
form as a result of triglyceride accumulation in
embryonal residues of brown adipose tissue (32).
This would justify the existence of preferred sites
of lipomata appearance, as well as their symmetrical
arrangement but does not explain the diffusion of
lipomas to other body regions. Recent studies sug-
gested the existence ‘of small lipid-deficient cells in
adipose tissue (preadipocytes or adipoblasts) not dis-
tinguishable histologically from supporting cells.
These cells are capable of triglyceride synthesis and
consequently of differentiating into mature adipo-
cytes (33). The formation of lipomatous masses could
take place through a zonal differentiation of adipo-
blasts into mature adipocytes. A regression of these
neoformed adipocytes could explain the remission of
the lipomatous masses (14).

It is known that adrenergic denervation of adipose
tissue produces cellular hypertrophy due to triglyc-
eride accumulation (34). The reduced response to
fasting and i.v. noradrenaline in MSL patients may
indicate a “functional denervation” of some cellular
populations. From this point of view, the in vitro
study of the lipolytic process in adipose tissue of
MSL patients assumes particular interest. In lipoma-
tous tissue, basal lipolysis values do not differ from
those of normal tissue, whereas lipolytic response to
catecholamines is almost completely lacking. Lipom-
atous tissue is, however, highly sensitive to theophyl-
line and dibutyryl cyclic AMP. Unlike lipomatous
tissue, normal subcutaneous tissue from MSL patients
responds to all the lipolytic agents studied. The re-
sponse of normal adipose tissue from MSL patients to
the lipolytic agents is similar to that observed in nor-
mal subjects (35-43).

Noradrenaline’s inability to induce lipolysis in lipom-
atous tissue is further confirmed by the time-course of
glycerol release (Fig. 6). Theophylline, instead, exerts
a net lipid-mobilizing effect. These results emphasize
the complete inertia of lipomatous tissue to the B-

adrenergic stimulation and agree with the observa-
tion of reduced lipolysis by noradrenaline observed
in vivo.

To clarify the reasons for the lack of lipolytic re-
sponse to catecholamines in lipomatous tissue, intra-
cellular ATP concentrations, both in lipomatous as
well as in normal tissue, were studied. The lipolytic
process requires a continuous supply of energy, fur-
nished by ATP. A correlation was, in fact, found
between the rate of lipolysis and the fall in ATP
concentrations (44, 45). Under basal conditions, intra-
cellular ATP levels are similar in normal and lipoma-
tous adipose tissue of MSL patients. No significant
variations in intracellular ATP levels in lipomatous tis-
sue occur when noradrenaline is added, whereas
theophylline induces a progressive and significant
decrease in nucleotide levels. The lack of a cate-
cholamine effect is more evident when ATP levels in
lipomatous and in normal adipose tissue are compared
(Table 1V).

These observations indicate that the metabolic al-
terations can be localized at a level preceding the
formation of the cyclic nucleotide. However, it is not
possible to establish whether this alteration is due to a
specific modification in the B-adrenergic receptor
or in the mechanism controlling the transmission of
the hormonal stimulus.

In normal subjects, fasting plasma FFA levels and
FFA mobilization seem to be positively correlated
with the body fat mass or the cellularity of normally
functioning adipose tissue (46, 47). In our patients,
the insensitivity of lipomatous tissue to the cate-
cholamine-induced lipolysis and the reduced
amount of normal subcutaneous tissue could explain
the decrease in FFA mobilization observed during
fasting and after noradrenaline infusion.

The insensitivity of lipomatous tissue to the main
stimuli regulating lipid mobilization could also ex-
plain the smaller decrease in fat cells observed in
lipomatous tissue after body fat mass reduction.

It may be concluded that MSL develops as a result
of zonal cellular proliferation. The neoformed cells
show an anomalous metabolic behavior both in vivo
and in vitro, characterized by insensitivity to the acute
lipolytic action of catecholamines and to the long-acting
physiological mechanisms regulating lipid mobiliza-
tion in adipose tissue.
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