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Summary. 1. In normal leucocytes, glycogen-trans-
ferase was only found in the glucose-6-phosphate depen-
dent D-form. An increase in activity was observed within
30 min after glucose feeding, and is assumed to be media-
ted through the action of released insulin. A late secon-
dary increase in activity occurred simultaneously with an
increase in serum growth hormone. — 2. In most diabetic
leucocytes, glycogen-transferase was found in both the
I- (independent of glucose-6-phosphate) and D-form. The
I+D activity was low in uncontrolled diabetes and incre-
ased in response to insulin treatment. The I-activity was
low immediately upon isolation of the leucocytes, but
increased during incubation of the enzyme, especially in
the presence of Mg*t; indicating that diabetic leucocytes
possess transferase-D phosphatase activity in contrast to
normal cells. The D to I transformation of the enzyme
was greatly increased by insulin treatment. — 3. Ky, for
UDPG and K, for glucose-6-phosphate did not vary
between normal and diabetic leucocytes. — 4. The D to I
interconversion of the incubated enzyme from diabetic
cells was found to depend on the concentration of ATP
and ADP in the incubation medium. It is suggested, that
the activating effect of Mg on the D to I transformation
is due to an activation of an endogenous ATP-ase and
adenylate kinase. ‘

Activité  UDP-glucose-glucan  glucosyl-transférase de
leucocytes polynucléaires de sujets deabétiques

Résumé. 1. Dans les leucoeytes normaux, la glycogéne-
transférase n’a été trouvée que sous la forme-D glucose-6-
phosphate-dépendante. On a observé une augmentation
de Pactivité dans les 30 min consécutives & I'absorption
de glucose, et on a supposé qu’elle était provoquée par
Iaction de 'insuline libérée. Une augmentation secondaire
ultérieure de I’activités’est produite en méme temps qu’une
augmentation de 1’hormone de croissance du sérum. -
2. Dans la plupart des leucocytes de diabétiques, la glyco-
géne-transférase a été trouvée & la fois sous la forme-D
et la forme-I (indépendante du glucose-6-phosphate).
L’activité I4-D était faible dans le diabéte non-controlé
et augmentait en réponse & un traitement insulinique.
L’activité-1 était faible immédiatement aprés isolement
des leucocytes, mais augmentait pendant Pincubation de
Ienzyme, particuliérement en présence de Mg?t, indiquant
que les leucocytes de diabétiques possédent une activité

The enzyme uridine diphosphate glucose: «-1,4-
glucan a-4-glucosyltransferase (EC 2.4.1.11, glycogen
synthetase or transferase) exists in two enzymically in-
terconvertible forms in muscle [15—18] and liver [9],
and the interconversion system has been characterized
as a phosphorylation/dephosphorylation reaction on a
serine residue of the enzyme [6, 10].
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transférase-D phosphatase contrairement aux cellules
normales. La transformation de enzyme de D en I était
fortement accrue par le traitement insulinique. - 3.Kp
pour 'UDPG et K, pour le glucose-6-phosphate ne vari-
aient pas entre les leucocytes normaux et diabétiques. —
4. La transformation de D en I de I'enzyme incubé & partir
des cellules de diabétiques s’est avérée dépendre de la
concentration d’ATP et d’ADP dans le milieu d’incu-
bation. On suggére que Peffet activant du Mg?+ sur la
transformation de D en I est due & une activation d’une
ATPase endogéne et d’'une adénylate kinase.

Die Aktivitit der UD P Glucose-Glucan-Glucosyl-Trans-
Serase in polymorphkernigen Leukozyten von Diabetikern

Zusammenfassung. 1. In normalen Leukozyten wurde
die Glycogen-Transferase nur in der Glucose-6-Phosphat-
abhéngigen Form D angetroffen. Thre Aktivitét steigs in
den 30 min nach oraler Glucosezufuhr an, was auf die
Insulinfreisetzung bezogen wird. Eine zweite spitere
Aktivitdtssteigerung erfolgte gleichzeitig mit dem Anstieg
der Wachstumshormonspiegel im Serum. — 2. In den
meisten diabetischen Leukozyten fand sich die Glykogen-
Transferase in der D und der I Form (Glucose-6-Phosphat
unabhingig). Die I4+D Aktivitdt war bei entgleistem
Diabetes niedrig und stieg nach Insulinbehandlung an.
Unmittelbar nach der Isolierung der Leukozyten wurde
nur eine geringe I Aktivitdt festgestellt, diese steigerte
sich aber wihrend der Inkubation des Enzyms, vor allem
wenn diese in Gegenwart von Mg?+ erfolgte, was dafiir
spricht, daB diabetische Leukozyten im Gegensatz zu
normalen Transferase-D Phosphatase Aktivitdt besitzen.
Die Uberfithrung der D in die I Form des Enzyms wurde
durch Insulinbehandlung stark gefordert. — 3. Die K,
fiir UDPG und K, fiir Glucose-6-Phosphat unterschieden
sich bei normalen und diabetischen Leukozyten nicht. —
4. Es wurde festgestellt, daB die D zu I Umwandlung
wahrend der Inkubation des aus diabetischen Zellen
gewonnenen Enzyms vom Gehalt des Mediums an ATP
und ADP abhingt. Die Forderung der I zu D Umwand-
lung durch Mg?+ scheint auf der Aktivierung einer endo-
genen ATPase und einer Adenylat-Kinase zu beruhen.

Key-words: Polymorphonuclear leucocytes, glycogen
transferase, diabetes, insulin action, serum growth hor-
mone, glycogen transferase D phosphatase.

The I form of the enzyme is independent of glucose-
6-phosphate for activity. The proportion of the total
enzyme activity which is present as the I form is
increased by insulin [22]. In liver this effect has been
demonstrated as early as two hours after the injection
of insulin to alloxan diabetic rats [20], and 10 minutes
after the start of an insulin infusion to normal dogs [3].
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With muscle extracts as well as with the rat hemi-
diaphragm in vivo, the insulin effect has been elicited
within 5 min [23, 7].

The D form of the enzyme is considered the less
active form as it requires glucose-6-phosphate for acti-
vity. In liver, Ky for UDPG is higher for the D than
for the I enzyme. In muscles, however, the reverse is
the case [9, 3]. In liver tissue no difference in D activity
between normal fed and fasted rats was found, but
insulin administration increased transferase D within
two hours [20], i.e. the increase in I+D activity was
much larger than the simultaneous increase in I acti-
vity. The I+ D activity was unchanged when the in-
sulin effect was looked for within 10 min [3], and, simi-
larly, was not detectable in muscle tissue 5 min after
an insulin injection [2].

An action of insulin in vitro on the D to I conver-
sion system has been found with rat hemidiaphragms
[7] and HeLa cells [2], but reportedly not with liver
tissue [20].

The prompt action of insulin in the direction of
favouring the appearance of the dephosphorylated form
of the enzyme has been amply discussed by BisHOP
and LARNER [3]. Adenosine 3’, 5’-cyclophosphate sti-
mulates the transferase I kinase, and insulin may be
thought of as acting by lowering the concentration of
the activator. Recent experimental evidence [7], how-
ever, has shown that the concentration of cyclic-ad-
enylate actually increases concomitantly with the in-
sulin mediated D to I conversion in rat diaphragm.
Evidence is now emerging [23], that insulin may change
the form of synthetase I kinagse from an independent
to a less active form dependent on cyclic adenylate.
In these experiments, insulin did not change the acti-
vity of transferase D phosphatase.

It has previously been found, that the form of
transferase present in normal human polymorphonu-
clear (PMN) leucocytes is absolutely dependent on
glucose-6-phosphate for activity, and that no D to I
conversion system exists in these cells [14]; whereas
such a system is readily found in normal human lym-
phocytes and is activated by Mg+ (ref. 15). The pre-
sent experiments demonstrate the appearence of a D
to I conversion system in PMN leucocytes from dia-
betic subjects and its dependence on the metabolic
state of the patient. Data are also given on the effect
of fasting and feeding on the level of transferase D in
normal leucocytes, together with an explanation of the
effect of Mg2+ on the D to I conversion. A preliminary
report of these experiments has appeared [13].

Material and Methods

Material. The investigation comprised leucocytes
from 16 diabetic patients, one of whom (IHJ) was
investigated thrice with intervals of one year. Detailed
information on the age of the patients, the age at onset
and the duration of the diabetes, the insulin treatment,
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the gocurrence of late diabetic manifestations together
with information on the metabolic state of the patients
at the time of the investigations appears in Table 1.
Summarizing, 4 patients had maturity-onset diabetes
(over 40 years) and 12 were juvenile diabetics. The
duration of diabetes in the group of juvenile diabetics
was 0—1 year in two cases, 1—5 years in four cases
and 14-—44 years in 6 cases. Similarly, the known
duration of the disease in the four patients with matu-
rity-onset diabetes was three months, and 8, 17, and
28 years, respectively. One patient (PMN) had had dia-
betes for 6 months and was investigated after the ter-
mination of a remission period of five months. All
patients needed insulin for the regulation of their
blood sugar and were held on NPH or lente insulins,
eventually supplemented with regular insulin. In most
cases the duration of insulin treatment coincided with
the duration of the disease. In the group of patients
with recently diagnozed diabetes, however, the length
of insulin medication ranged from 4—20 days only.
The patient (PMN), who was investigated after a re-
mission, had received insulin for 48 days 6 months
previously.

All patients were investigated on insulin treatment,
and in 9 cases the investigation was repeated after in-
sulin had been withheld for 36 —48 h. The degree of
metabolic control has been evaluated from the averages
of the blood sugars at 7—8 a.m. and 4—5 p.m. the
last four days before the investigation on insulin, and
these figures together with the actual fasting, morning
blood sugar on the day of investigation are given in
Table 1. The table also shows the fasting, morning
blood sugar for the diabetics, who were also investi-
gated after withdrawal of insulin. In one case (JSH),
however, the patient went into precoma and was in-
vestigated at 5 p.m., and the corresponding blood su-
gar is given instead. In four cases (IHJ 1965, MAS,
BWS, and MAP) the first investigation was done when
the patients were out of insulin treatment and the
second investigation was made when the blood sugar,
in 2-—4 days, had been brought to normal with insulin.
In these cases, naturally, no values appear for the
average blood sugar for the last four days of insulin
treatment.

It is apparent from Table 1, that the blood sugars
of nearly all the patients were satisfactorily low for the
assay of transferase on insulin medication, and that
the 9 patients investigated after withdrawal of insulin
all had high fasting, morning blood sugars.

The investigation also included an examination of
10 normal, nonglucosuric subjects chosen among lab-
oratory personnel and students.

Methods. Leucocytes (approx. 85% PMN cells)
were isolated and sonicated, and the activity of trans-
ferase was measured as radioactivity incorporated into
glycogen from 4C-labelled UDPG, without (I form)
and with 0.01 M glucose-6-phosphate (D form) present
in the assay mixture, as previously described [14]. In
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addition, the enzyme was incubated for 60 min at 30°
with 5 X 102 M mercaptoethanol and 1 X 10-2 M
MgCl,, and assayed at intervals for both D and I form.
In some experiments parallel incubations with and
without added Mg?+, or with or without the addition
of a Mg-dependent ATP-ase and adenylate kinase from
kidney, were performed. These enzymes had an activ-
ity of 20 and 13 pmoles ATP/mg protein per hour,
respectively.

Blood sugars were determined conventionally on
capillary blood, except in oral glucose tolerance tests,
when venous blood was used. In some experiments
plasma growth hormone was assayed by an immunolo-
gical technique [24], and ATP by a luciferase method
[11].

Results

Total transferase activity. The total (D-}-I) activity
of transferase measured immediately after preparation
of the leucocyte homogenate was not significantly dif-
ferent from the normal in a series of 17 preparations
from 16 diabetics on insulin. However, 9 diabetics,
who were investigated both on and off insulin treat-
ment, showed a nearly statistically significant decrease
in D41 activity upon withdrawal of insulin (Table 2).

Table 2. Activity of glycogen transferase from leucocytes of
normal and diabetic patients®

Total (D--I) transferase activity
n (umoles/10® leuc./h-+-s.e.m. and range)

~“+insulin —insulin Difference
Diabetics 17 3.4840.41

(0.72—6.05)
Normals 10 2.851+-0.54

(1.06—4.92)
Diabetics 9 4.50 3.46 1.0440.462P

a) cf. legend to Table 1.
b) ¢t = 2.25; to.05 = 2.30.

D to I conversion of transferase. With normal leuco-
cytes no I activity was detectable, but with leucocytes
from insulin-treated diabetics a small but significant I
activity of 1.5%, + 0.5 of the total activity was found
immediately after isolation of the cells.

Upon incubation of the leucocyte preparation (Fig.
1) a large D to I conversion took place in several homo-
genates from insulin-treated diabetic patients, and it
was observed that the addition of Mg?+ to the incu-
bation medium increased both the total enzyme activ-
ity and the D to I transformation. Addition of ATP-
Mg caused a fast and complete disappearence of the 1
activity, and also, more slowly, a decrease in total
enzyme activity, especially in the incubation without
added Mg?+. This means that not all the disappeared I
activity has been converted into the D form of the
enzyme.

Fig. 2 illustrates that insulin deprival leads to a
decrease in the DI activity, and to an almost com-
plete abolishment of the D to I transformation. Exact-
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Fig. 1. Effect of Mg?+ on the D to I conversion of glycogen
synthetase from leucocytes of an insulin-treated diabetic
patient (PEN). The enzyme was prepared by sonicating
a suspension of 0.936x 108 leucocytes (839, PMN) per
ml in 50 mM Tris — 5 mM EDTA buffer (pH 7.8), and
was incubated for 65 min with 50 mM mercaptoethanol,
with or without 10 mM MgCl,. At 45 min 2.7 mM ATP
and 5.4 mM MgCl, was added to part of the incubated
enzyme. At intervals transferase was assayed in a system
containing 50 pl of enzyme (corresponding to 4.7 x 108
leucocytes), 4 mM UDPG, and 7 mM glucose-6-phosphate

when present, 0 — — — — — 0, I enzyme; 0——————0,
I enzyme|Mg?**; @ — — — — — @, total enzyme (I4-D);
®—————@, total enzyme (I-4D)-|-Mg?+

Mg-ATP

p.moles/10° leukocytes/h

0 10 20 30 £0 50 60
Time of incubation{mins)

Fig. 2. Effect of insulin treatment on the D to I conversion
of leucocyte transferase from patient THJ (1965). The
enzyme was prepared from leucocytes isolated when
insulin had been withheld for 39 h, and again 48 h later
when the blood sugar had been brought to normal by
insulin treatment. The incubation mixture contained
buffer, mercaptoethanol, Mg?t, and enzyme from 1.49 x 108
leucocytes (899, PMN) and 2.08 X 108 leucocytes (849,
PMN) per ml, respectively. Otherwise as m Fig. 2.

O0———— 0, I enzyme without insulin; o———o,
I enzyme with insulin; @————— ®, I+D enzyme
without insulin; @————@, I+D enzyme with

insulin
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ly the same pattern was observed one year later, when
the investigation was repeated in the reverse order
(THJ 1966), i.e. first on, then off insulin.

The D to I transformation is maximal after 45
min incubation of the enzyme in the presence of Mg?+.
Table 1 shows the I activity at this time for all the pa-
tients. Four patients showed no D to I conversion,
whereas homogenates from 8 patients reached an I
activity of less than 109, of the DI activity, and
those from 4 patients reached between 10 and 669, I
activity. The average I activity at 45 min was 149, |- 5
of the total activity. The results of the addition of
ATP-Mg, which was done in each experiment, are not
shown in the table. In each case the I activity imme-
diately disappeared, which proved that even the low
I activities measured in some cases were not artifacts.

In 7 out of 9 experiments done on patients both on
and off insulin treatment, the I activity measured after
45 min incubation of the leucocyte preparation showed
a decrease, when insulin was withheld. The decrease
in the average percentage I activity was from 22.59,
to 4.8%, (p < 0.1). The extent of the D to I transfor-
mation was not correlated to the age of the patients,
the age of onset of the diabetes, the duration of the
disease, the ocecurrence of late diabetic manifestations
or to the duration of insulin treatment.

160

140
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100

80

Blood sugar mg/100ml
{
=~

60

Serum growth hormone, mug/ml

— i
B (8 - ($) e e —- -«
0 1 2 3
hours

Fig. 3. Effect of glucose on total (I+D=D) transferase
activity in leucocytes from two normal subjects. An oral
glucose tolerance test with 100 g glucose was performed,
and simultaneously transferase activity was determined
in leucocytes immediately after preparation of the homo-
genate. In one case serum growth hormone was also
determined. Values below 0.5 mpg/ml are not detectable.

Aclivity of transferase (D+l),p,moles/108 leuc/h

O————— 0, blood sugar; o O, correspon-

ding transferase D activity; @ — — — — — @, blood sugar;

®——————@. corresponding transferase D activity;

@~ — ' —-—@, corresponding serum growth hormone
activity

Transferase activity during a glucose load. The sti-
mulating effect of insulin on the D to I transformation
in diabetic leucocytes suggested, that a D to I trans-
formation might be achieved in normal leucocytes, if
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these were stimulated by insulin. Leucocytes from two
normal subjects were therefore isolated before and one
or two hours after the intake of 100 grams of glucose,
and the homogenate incubated for 60 min in a similar
way as illustrated in Fig. 1. No D to I transformation
was, however, elicited, but it was observed that the
activity of the D enzyme increased approx. 60%, in
both cases.

Fig. 3 shows the results obtained with leucocytes
from two other normal subjects, where the D activity
was determined during an oral glucose tolerance test.
In each case the activity of the D enzyme closely fol-
lowed the rise and fall in the blood sugar, but sur-
prisingly a second increase in enzyme activity took
place after the blood sugar had returned to basal
values. A simultaneous determination of serum growth
hormone was therefore included in the second of the
experiments, and a considerable increase in growth
hormone activity was observed parallel to the second
increase in transferase activity.

ATP-ADP and D to I transformation. The stimu-
lating effect of Mg?+ on the D to I transformation
(Fig. 1) was investigated in an experiment with leuco-
cytes from a diabetic patient (IHJ 1967, not included
in Table 1), when the control of his diabetes was

600
500

400

w
WM ATP or ADP

300

200

100

Radioactivity incorporated into glycogen

Time of incubation{mins)

Fig. 4. Influence of Mg?t on the ATP and ADP concen-
trations of the incubation mixture, and on the D to T
conversion of transferase from leucocytes of a diabetic
patient (IHJ, 1967) in a slightly uncontrolled diabetic
state. The blood sugar increased from 82 mg 9 to
433 mg9%, and the leucocytes were isolated when the
fasting blood sugar reached 206 mg9%,. The conditions
of the expt. were as in Fig. 1, except that addition of
ATP-Mg was omitted. Enzyme corresponding to 5.5 x 108
leucocytes was used in each assay. 0 — — — — — 0, I en-
Zyme; O o, I enzyme +- Mg?t; @ — — — — — e,
I+D enzyme, @ ® I|+D enzyme 4+ Mg?t;
a,—— m, ATP; m m, ATP | Mg?+;
A, ADP + Mg*t

slightly eased (Fig. 4). The D to I transformation was,
as expected, very small without Mg?+ added to the
incubation mixture. In the experiment without Mg2+ a
simultaneous slow decrease in ATP and increase in
ADP concentration occurred, and the ATP -+ ADP
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concentration only decreased during the last 20 min
of incubation. In the presence of Mg?+, however, the
concentration of ATP fell rapidly to very low values
within 5 min, and the concentration of ADP showed a
similar decline. Apparently, Mg?*+ had activated both
an ATP-ase and an adenylate kinase.

Since ADP might also be effective in phosphory-
lating the I enzyme, the posibility of obtaining a
further D to I conversion was investigated in an ex-
periment, where an authentic preparation of a Mg-
dependent ATP-ase and adenylate kinase from kidney
was added to part of the incubated leucocyte homo-
genate. Addition of the enzymes caused an increase in
D to I conversion (Fig. 5). The ATP concentration of
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Radioactivity incorporated into glycogen (counts/min)

Time of incubation{mins)

Fig. 5. Effect of a Mg-dependent ATP-ase and adenylate
kinase from kidney on the D to I conversion of leucocyte
transferase from patient EM. The homogenate contained
1.32 x 108 leucocytes per ml Tris-EDTA buffer, and was
incubated in the presence of mercaptoethanol, Mg+, with
or without ATP-ase and adenylate kinase corresponding
to an activity of 2 wumoles and 1.3 pmoles ATP/min,
respectively. Otherwise as Fig. 1. The change in total
(I+D) activity observed upon addition of ATP-Mg was
very small, and has been omitted from the figure.

0—————0, I enzyme; 0— —— — — 0, 1 enzyme +
ATP-ase and adenylate kinase; @ — @, I+D
enzyme; @— —~— — — ®, I+ D enzyme 4+ ATP-ase 4-d

adenylate kinase

the homogenate fell in both experiments from 53 pM
to 3 uM in 15 min and to less than 1 pM at 30 min. In
& comparable experiment done with normal leucocytes,
the addition of ATP-ase and adenylate kinase did not
elicit D to I transformation, even if the ATP concen-
tration decreased from 43 pM to 1.3 M within 15 min.

Kinetic constants. In three experiments no signifi-
cant difference was found for the kinetic constants:
the Kn for the substrate UDPG and the K, for the
activator glucose-6-phosphate, between leucocyte-
transferase from insulin-treated and insulin-deprived
diabetics. The values wére within the limits obtained
with transferase from normal cells [14].

V. EsMANN et al.: Glycogen Synthetase in Diabetic Leucocytes

Diabetologia
Discussion

The activating effect of Mg+ on the D to I trans-
formation was first found in normal human lympho-
cytes [8], and the present experiments have established
a similar effect in human diabetic polymorphonuclear
lencocytes, which appears to be best explained by
agsuming that Mg?+ activates an endogenous ATP-ase
and adenylate kinase of the homogenate. The D to 1
transformation observed by adding adenylate kinase,
suggested that ADP is also effective in phosphory-
lating the I enzyme in leucocytes, as has been found in
crude muscle preparations [6]. It is possible, however,
that Mg2?+ in addition stimulates a Mg-dependent
synthetase D phosphatase.

The equilibrium between the D and I forms of
transferase during an incubation of the leucocyte
homogenate, appears determined by the available ATP
and ADP. The equilibrium is, however, first displaced
in favour of transferase I, when the nucleotide concen-
tration is very low. The phosphorylation of the I enzy-
me by ATP-Mg is fast, but it has been shown else-
where [12] with rat PMN leucocytes, that the extent
and duration of the I to D transformation depends on
the amount of added nucleotide.

. The transferase of rat muscle has been found
shifted in the direction of the I form, when tissue ATP
is Jow [21]. In the circulating leucocytes of diabetics,
transferase will presumably be in the D form, unless the
concentration of ATP is very much lower than in the
normal leucocyte. The concentration of ATP in the
homogenates, which kept the enzyme in the D form,
was 43—56 pM, which is equivalent to 0.7—1 mM,
when calculated in terms of cell water. In the normal
leucocyte the ATP concentration is approx. 6.5 mM
when the cells are in a metabolic steady state [5].

The total enzyme activity often increases during
the first 15 min of incubation, when the ATP concen-
tration of the homogenate falls, and decreases upon
addition of ATP-Mg (Fig. 1). This would be consistent
with observations that the addition of ATP-Mg in-
activates the D enzyme of muscle and liver of both rat
and frog [18, 1]. The inactivation is enhanced by 3'-
5-AMP, suggesting the formation of an inactive inter-
mediate which is more phosphorylated than the D
form.

The total transferase activity was decreased in
leucocytes from untreated diabetics, and corrected by
insulin, as formerly also found in liver [20], where the
increase in enzyme activity was observed already
within two hours. A still faster response was observed
in normal leucocytes, where the transferase D activity
increased within 30 min of a glucose load or simultan-
eously with the known release of endogenous insulin.
In previous experiments [4] an increase in glycogen
synthesis was first observable 24 h after insulin admini-
stration, and no effect was seen 25 min after insulin
given intravenously. These observations need not be
contradietory, since the glucose uptake of the leuco-
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cytes was inhibited after the insulin injection, and the
concentration of the necessary activator, glucose-6-
phosphate, was therefore presumably low.

The D to I transformation observed in diabetic
leucocytes was stimulated by insulin like that of the
enzyme in liver and muscle [22, 20, 3, 23, 7]. As was
described in the introduction, insulin may act by form-
ing a less active transferase I kinase, but for leucocytes
a stimulating effect on transferase D phosphatase has
not been ruled out.

Normal leucocytes showed no D to I transforma-
tion either when stimulated by endogenous insulin, or
when the nucleotide level of the homogenate was de-
creased by adding Mg?*+ or ATP-ase and adenylate
kinase. This suggests, that normal leucocytes have no
transferase D phosphatase, and the presence of this
enzyme in diabetic leucocytes might be regarded as
related to the disease.
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