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Myasthenia gravis: long-term prognostic value of
thymus lactate dehydrogenase isoenzyme pattern of
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SUMMARY Lactate dehydrogenase (LDH) isoenzyme pattern and the percent of H-subunit con-
tent were determined in the thymus of 62 patients (55 with hyperplasia, 7 with tumours) after
thymectomy. An increase in LDH, relative activity indicates that in the thymus of patients with
myasthenia gravis the ratio of mature differentiated thymocytes was higher than in the thymus of
control subjects. LDH isoenzyme profiles of thymus tumours were similar to those described in
other neoplasms, except that thymomas with apparent predominance of epithelial cells and with
minimal lymphocytic reaction exhibited a marked elevation only in LDH2 relative activity,
presumably associated with the specific (secretory) function of epithelial cells. The elevation
of H-subunit content, a parameter characteristic of both thymic components (lymphoid and
epithelial), correlated closely with a poor clinical condition in patients several years after surgery.

Several data'-4 indicate an autoimmune aetiology
for myasthenia gravis. It is of particular interest that
the thymus is a central organ of specific immune
responses and that the autoimmune processes in
myasthenia gravis are initiated in this gland. The
immune status of the human thymus has been the
subject of many investigations, but all the methods
used have been immunological, that is based on the
antigen-antibody reaction. In autoimmune disorders
these techniques have disadvantages. During the
course of disease the majority of antibodies are
bound either to the cells of the target organ or are in
the form of immunocomplexes, so that the surface of
the immunoreactive cells under study may be
covered by specific antigens.
There are available, however, other methods

which utilise intracellular enzymic markers5 6 charac-
teristic of the maturation and differentiation of
immunocompetent cells. According to Plum et al7
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lactate dehydrogenase (LDH) isoenzyme patterns
can not only differentiate between T- and
B-lymphocytes but also can follow the course of
maturation of the whole T-cell line.8 In haematolog-
ical practice this method is known as a lymphocytic
marker9 but recently it has been used in autoim-
mune disorders,'0 too. In myasthenia gravis no such
studies have been reported and data using tradi-
tional immunological techniques are scarce for
long-term follow-up studies of similar duration
(mean 6-5 years) as in this paper.

Patients and methods

Thymus samples obtained through thymectomy from 62
patiens (48 females, 14 males) with myasthenia gravis were
studied. Patients' mean age was 29 years (range 15-54
years). In 39 instances the disease exhibited a slow course
whereas in 23 cases rapid progression was noted. In 55
patients the disease was generalised, in one it was oculo-
skeletal and in another bulbo-skeletal; in three subjects
there was skeletal involvement alone, and in two the local-
isation was purely bulbar. The mean duration of the dis-
ease (that is the period from the onset of disease to the
study of the removed thymus) was 4-7 years (range 4
months-20 years). The mean duration of the follow-up
after operation was 6 5 years (range 5-8-5 years). At vari-
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Fig 1 Lactate dehydrogenase (LDH) isoenzyme pattern and percent ofH-subunit content in the thymus ofpatients with

myasthenia gravis x- + SD. 'significant difference from controls (p < 0.001). "Not treated" means that the patients had not

received x-irradiation andlor azathioprine treatment within two years prior to studies. "minly.r." = minimal lymphocytic

reaction. "mark.ly.r." = marked lymphocytic reaction. "Hodgkin" = Hodgkin-type lymphoma

ous times prior to surgery 25 patients had been subjected
to mediastinal X-ray therapy (total dose delivered in three
weeks was 5000 r = 15 x 174 cGY under conditions for
deep irradiation) and/or to immunosuppressive treatment

(100 mg azathioprine per os administered daily for 90

days). Since these treatments might influence LDH
isoezyme distribution, 17 patients who had received treat-

ment within two years prior to examinations were excluded
from this study. Steroid or other treatments affecting the

immune system were not administered, but all patients
received anticholinesterase or adjuvant therapy.
The thymus was removed via median sternotomy.

Samples were taken from the medulla and prepared for

light microscopic examinations using routine histological
techniques and haematoxylin-eosin staining. Out of seven

patients with thymus tumours six had thymomas and in one
case Hodgkin-type lymphoma was diagnosed. Of the six

thymoma cases, minimal (three cases) or marked (three
cases) lymphocytic reactions were noted." Control thymus
samples derived from 10 patients (7 females, 3 males) with

mean age of 34 years (range 18-53 years) underwent
surgery for substernal goitre, diaphragmatic hernia or bull-
ous emphysema.
LDH isoenzymes were separated by agar-gel elec-

trophoresis'2 in aliquots of supernatant of the freshly
homogenised (phosphate buffer 0-05 M, pH 7-4) thymus
sample and visualised according to the method described
by Van der Helm.'3 The isoenzyme bands were scanned in

a densitometer (Kipp and Zonen, Holland) and their rela-
tive activities were expressed as a percentage. In the know-

ledge of the percent distribution of the LDH isoenzymes,
the proportion of H and M subunits was also calculated
in percent.'4 Structural difference among the five LDH

isoenzymes with similar function is caused by their

different subunit (H and M) compositions; LDH, = H4,

LDH2 = H3M,, LDH3 = H2M2, LDH4 = H M3, LDH5 =

MA.

Data were analysed for statistical significance using Stu-

dent's paired or unpaired t tests, single variance analysis,
linear regression and correlation analysis.

Results

Data in fig indicate that in the group of 55 non-

tumour patients including 38 myasthenia gravis
patients with no treatment the relative activity of
LDH, isoenzyme in the thymus was significantly (p
< 0-001) higher (13-0 + 2-2% and 12-9 + 2-7%)
than that in control thymus (7-7 + 2-3%). Although
the proportion of H-subunit (57-3 + 2-8% and 58-3
+ 2-7%) was higher in both groups than in control
subjects (53.8 + 3-2%) this difference may not have
biological importance. On the other hand, in the 38
myasthenia gravis patients with no tumour and no

treatment there was a close correlation between
H-subunit ratio and duration of disease (r = 0-8803,
p < 0-001) and the clinical condition at 6-5 years

after operation (r = 0-8594, p < 0(001), although
the range (54-2-63-2%) was narrow (fig 2). Clinical
condition was graded by points from 0 to 10 as

described by Szobor'5 where severe forms received
higher scores.

Out of the seven tumour patients in three
instances the thymomas were associated with mini-
mal lymphocytic reactions. In these subjects' tumour

the LDH isoenzyme pattern was markedly shifted
with predominance of LDH2 (62.2, 55*3 and
48-5%) and H subunit as compared to control LDH2
(29-9 + 3-7%), whereas LDH4,5 were not detect-
able (fig 1). Both changes were significant
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Fig 2 Correlation between percent ofH-s
the thymus and duration of disease (uppei
between clinical condition at various times

range 5-8 years) after surgery (lower pan
samples were removed from non-tumour-
myasthenia gravis who had not received az
x-irradiation treatments within two years.

patients' clinical conditions. I' Higher valu
poor condition. X contr.: control mean +
and minimum values.

(p < 0-001) either compared with
values of myasthenia gravis patients i
In all of the three thymoma cases

lymphocytic reaction LDH isoenzyn
shifted with prominence of LDH5 (
21 1 %) compared with control LDH
whereas the contribution of LDH2 W
association with a reduction in
H-subunit. Both changes we

statistically (p < 0-001) as compare

respective values for myasthenia graN
no tumour. In the Hodgkin-type
decrease in H-subunit content w,

LDH4 was significantly increased
0-001) instead of LDH5.

Discussion

According to Plum et al8 the intrath)

of lymphocytes (when the bone marrow derived
thymocyte precursors develop into mature

* immunocompetent T-cells) is associated with a
steady increase in LDH, relative activity, that is

Max H-subunit content. Since the activity of LDH, is
apparent in T-lymphocytes of peripheral blood and
B-cells lack this isoenzyme, LDH, can be used as a

47x+55 77 T-cell marker.7 9 Similar findings have been reported
.001 by Dioguardi et al'6 who compared LDH isoenzyme

patterns in mature thymocytes from adults and in
Rcontrol foetal thymocytes. Thus, the significant increase ofLDH, activity and the slight elevation in H-subunit

' 15 1 ' 20 content observed in the thymus of myasthenia gravis
patients can be accounted for by an enhanced ratio
of the mature, more immunocompetent thymocytes.

7 This view is in line with the observation by Palestro
* et all7 who showed an elevated ratio of T-cell popu-

lation in myasthenia gravis patients using alpha-
-Max naphtyl-acetate-esterase activity, another marker of

T-cells. In myasthenia gravis patients this phenome-
B594 non is connected with enhanced activity of thymosin
34x+5554 alpha,, a thymic hormone described by Goldstein'8
001 which is produced in the epithelial cells and is

known to exert a growth and differentiation promot-
-X control ing action on thymic cells. It is probable that the

ratio of T-cells was even higher than one would cal-
culate based on the increased ratio of LDHI, since

gubunit content in owing to the immune responses taking place in the
r panel) and thymus of affected patients, B-cells are also
(mean: 65 years, accumulating' and this might counteract the eleva-
el). Thymus tion of LDHVI. As a result of the two opposing
-patients with events the thymus of the myasthenia gravis patients
:athioprine andlor as a whole responds by an elevation of LDH isoen-
"DSS": score for zymes characteristic of the mature differentiated
tes correspond to lymphocytes. This is compatible with recent obser-
: range maximum vations indicating that mature differentiated

T-lymphocytes play a significant role in the
control or with pathogenesis of the disease despite the fact that the
with no tumour. neuromuscular blockade in myasthenia gravis is
with enhanced caused by specific antibodies produced by B-cells.
ne profiles were The immunoreactive and mitogen-induced
18-8, 22-2, and responses of mature T-cells are more enhanced than
1, (4.8 + 2.2%), those by less differentiated T-cells.20 The number of
vas decreased in these activated T-cells that have undergone blast
the ratio of transformation is appreciably elevated in the thymus

re significant of myasthenia gravis patients in connection with
,d to control or the autoimmune responses.2 A subpopulation of
vis patients with specially differentiated mature T-lymphocytes (T-
lymphoma the helper cells) is involved in the cooperative action
as similar, but between T- and B-lymphocytes indispensable for
(30.4%, p < antibody production.3 Thus, the increased thymic

LDH1 activity and H-subunit content appear to
indicate an elevated ratio of mature T-lymphocytes
with enhanced immunoreactivity. At the same time
the deleterious effects of these T-cells might persist

ymic maturation even years after thymectomy owing to the much
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longer life span of T-cells than B-cells.4 Study of the
clinical states also seems to suggest that the stage of
maturation and differentiation of the thymus (at
least in the long run) might influence the course of
disease. The elevated ratio of H-subunit observed in
the glands removed indicating a predominance of
mature thymocytes over B-lymphocytes, was corre-

lated with a poor clinical condition at a mean time of
6 5 years after surgery. On the other hand the lower
proportion of H-subunits indicating less severe clini-
cal manifestations was associated with a relative
increase in the numbers of less differentiated
thymocytes and B-cells. The view that after removal
of thymus with hyperplasia and a predominance of
B-cells, a better prognosis can be expected has been
expressed although not generally accepted.2'

In the knowledge of the subunit composition of
LDH isoenzymes one can see that the H-subunit
content is more informative than LDHI alone,
because in addition to LDH, (H4) it includes a con-

siderable part of LDH2 (H3M,) as well. The question
then arises as to why LDH, and LDH2 together (that
is H-subunit content) are more informative than

LDH, alone with regard to the long-term prognosis
of this disease. It appears that the question is ans-

wered by the peculiar LDH isoenzyme pattern in a

certain type of thymus tumours, that is in thymomas
with minimal lymphocytic reaction. This type of
thymoma, in addition to the proliferating epithelial
cells, contains only few lymphocytes in contrast to

the other type in which lymphocytes predominate as

revealed by light microscopy.'" The relative activity
of LDH5 was increased in all of the three thymomas
with enhanced lymphocytic reactions. This is to be
expected because in tumours, as a result of tissue
hypoxia there is a shift in LDH isoenzyme pattern
with prominence of M-subunit otherwise charac-
teristic of anaerobic conditions.22 The predominance
of LDH4 in the Hodgkin-type lymphoma structur-
ally similar to foetal thymus23 tissue is not surprising,
since this finding is generally characteristic of undif-
ferentiated tissues such as tumours.24 On the other
hand in the three other thymoma cases associated
with minimal lymphocytic reactions no such altera-
tions were seen. Even so, LDH isoenzyme pattern
was shifted to the opposite direction; LDH2 alone
was enhanced markedly with ensuing increment in
H-subunit content. This type of change is however,
characteristic of tissues with enhanced oxidative
activities.25 In this particular tumour LDH isoen-
zyme composition is determined by the epithelial
cells' increased oxidative activity and not by their
tumour characteristics. The special secretory func-
tion of thymic epithelial cells has been proved in
turn by several investigators.'8 19 26 Other reports
likewise suggest that thymic epithelial cells are more

Szathmdry, Selmeci, P6sch, Szobor, Molnar

abundant in oxidative enzymes than thymocytes27 28

and the secretory activity of epithelial cells in
thymoma is strikingly high.29 Thus, it is presumed
that the elevation of LDH2 is linked with secretory
activity since in other endocrine glands LDH isoen-
zyme pattern is also known to change in association
with secretory function. In the thymus with no
tumour, owing to the markedly lower count of
epithelial cells, LDH2 was below detection limit. In
the knowledge of the role of thymic epithelial cells
presumably played in the pathogenesis of myas-
thenia gravis, it is not surprising that even several
years after surgery the patients' clinical conditions
closely correlated with H-subunit contents charac-
terising both lymphoid and epitheloid components
of the thymus.

In summary, the study of LDH isoenzyme (H-
subunit) pattern in addition to its theoretical consid-
erations also appears to have practical importance.
It provides an aid in assessing the stage of thymic
differentiation and thereby the long-term prognosis
of thymectomised patients. An elevated H-subunit
content over twofold (61%) normal value seems to
indicate a poor prognosis. This information may be
helpful in selecting further therapeutic regimens
(steroids, immunosuppression or plasmapheresis)
for thymectomised patients who have shown
insufficient improvement in their clinical condition.
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