
Abstract. Background: In this study the possible relation of Bax
(an apoptosis promoter) to Bcl-2 (an apoptosis inhibitor) ratio
with the apoptosis co-ordination enzyme, caspase-3, in the
thymus of patients with myasthenia gravis (MG) was investigated
in correlation with long-term clinical prognosis. Patients and
Methods: The study included 46 patients (17M/29F, mean age
36.60±16.09 yr) with MG, who underwent thymectomy for
treatment. The clinical staging (Osserman classification)
included: stage I-5, IIA-21, IIB-17, III-3. The pathology of the
thymus showed: hyperplasia-26, atrophy-8, thymoma B1 and B2
type-9, thymoma B3 type (well differentiated thymic carcinoma)
-3. The patients were evaluated 39-166 (mean 91.87±38.38)
months after thymectomy. At the end of the follow-up period, the
patients were classified as follows: group A: complete stable
remission, group B: pharmacological remission+minimal
manifestations+improvement+deterioration. Paraffin sections of
thymic tissue were subjected to: a) immunohistochemistry (bax,
bcl-2, caspase-3 protein); b) in situ hybridization (bax, bcl-2
mRNA); and c) TUNEL-stain (apoptotic cells). Bax to bcl-2
mRNA and protein ratio was determined for each sample by
dividing the %bax (+) cells by the % bcl-2 (+) cells. Results:
Follow-up data were available for 39/46 patients: 13/39 patients
belonged to group A and 26/39 to group B. The Bax/Bcl-2
mRNA and protein ratios were increased towards advanced
disease stages (+370% for mRNA and +391% for protein, from
MG stage I to stage III). These ratios were correlated with
caspase-3 expression (r=0.782 and 0.583, p<0.01) and apoptosis
(r=0.591 and 0.358 p<0.01 and p<0.05). All the 13 cases in

group A had a Bax/Bcl-2 ratio<1 (mean±SD: 0.58±0.04 for
mRNA and 0.62±0.03 for protein), whereas all the 26 cases of
group B had a ratio>1(1.47±0.07 for mRNA and 1.52±0.18 for
protein). The Kaplan-Meier survival curve showed higher, free of
disease, survival in group A (p=0.0082). Cox regression analysis
revealed that the Bax/Bcl-2 ratio was an independent prognostic
factor, however the p-value was marginally significant (95%
CI:1.078-44.073, p=0.041). Conclusion: This study has
demonstrated that in patients with MG who underwent
thymectomy: a) the Bax/Bcl-2 ratio may up-regulate caspase-3
expression and modulate apoptosis associated with progress of
the disease; b) the Bax/Bcl-2 ratio<1 was associated with
complete stable remission after thymectomy; and c) Bax/Bcl-2
ratio was an independent predictive marker for therapeutic
response after thymectomy. 

Myasthenia gravis (MG) is an autoimmune disorder caused
by a defect of neuromuscular transmission due to an
antibody-mediated attack upon the nicotinic acetylocholine
receptors. It is characterized by fluctuating weakness that is
improved by inhibitors of cholinesterase (1). Myasthenia
gravis is associated with thymic hyperplasia in 65% and
thymoma in 10% of cases, while MG is present in 30-45%
of patients with thymomas (2). Among several therapeutic
modalities employed in the treatment of MG, thymectomy is
one of the efficient strategies used in the integrated
management of the disease (3-5). 

Today it is well-known that apoptosis maintains
homeostasis in living organisms by depleting cells as a
response to various stimuli (6). After cell depletion due to
apoptosis, tissue remodelling is achieved through cell
proliferation and the degree of this remodelling depends on
the balance between apoptosis and proliferation. Apoptosis
is a morphologically distinct, gene-directed form of cell
death characterized by cytoplasmic fragmentation and
nuclear condensation that contributes to both physiological
and pathological processes (7). Previous studies have
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reported that apoptosis exhibits a critical action during T-
cell development within the thymus and probably is the
mechanism that underlies depletion of autoreactive T-cell
precursors (8). Furthermore, a high proportion of
thymocytes undergo apoptosis and they are cleared by
thymic macrophages (9). One of the key execution enzymes
in apoptosis is caspase-3 (10).

On the other hand apoptosis is regulated via the action
of several oncogenes and subsequently oncoproteins that
display inhibiting or promoting action. 

Bcl-2, a gene located at chromosome 18q21, encodes a
26-kD protein that blocks programmed cell death without
affecting cellular proliferation (11). In several malignant
tumors bcl-2 expression has been associated with a more
favorable clinical outcome (12). In the myasthenic thymus
an up-regulation of the bcl-2 oncoprotein has been
described (13). In a previous study (14) we have
demonstrated that bcl-2 expression in the thymus of patients
with MG decreases towards advanced MG stages and this
may imply that bcl-2 is not involved in the progress of
myasthenia in the late stages. 

The bax protein is a member of the bcl-2 family that
promotes apoptosis (15). The ratio of bax to bcl-2
determines the susceptibility of a cell to apoptosis (15, 16).
In the same previous study (14) we found that bax
expression was higher towards advanced MG stages
suggesting that the bax oncogene is responsible for MG
progression in the late stages. 

In many systems, members of the bcl-2 family modulate
apoptosis, with the bax/bcl-2 ratio serving to as a rheostat to
determine cell susceptibility to apoptosis (15, 17). In recent
years, several studies have investigated the significance of the
bax/bcl-2 or the bcl-2/bax ratio and correlated them with the
developmental progression of several diseases or malignant
tumors. It has been reported that the bcl-2/bax ratio may
serve as a predictive marker in order to evaluate prognosis in
patients with rectal carcinomas who have undergone elective
colectomy and received adjuvant treatment post-surgery (18).
In an experimental model of renal fibrosis it has been
demonstrated, the bax/bcl-2 ratio was associated directly with
renal apoptosis and progression of renal scarring, in other
words with the progress of renal disease and failure (19).

The caspases, especially caspase-3, are known to act
downstream of bax/bcl-2 control and play a key role in the
execution of apoptosis (10). Recent evidence suggests that
bcl-2 also acts as a downstream death substrate for caspases
and, thus, that the caspase family of enzymes may be able to
inactivate the bcl-2 anti-apoptotic function and further
enhance cell death, even when apoptosis is triggered via a
non-Bax/Bcl-2 dependent pathway. Although there is a
feedback loop between bcl-2 and caspase, bcl-2 cannot always
inhibit apoptosis, implying a subset of caspase activation that
is likely to run through the death receptor pathway (20).

We have previously evaluated the expression of bcl-2, and
bax in the myasthenic thymus concomitant with cell
proliferation and apoptosis. In this study we have taken a
step further and investigated the alterations of bax/bcl-2
ratio in relation to changes in the apoptosis co-ordination
enzyme, caspase-3, in the thymus of MG patients and we
have attempted to determine the potential correlation of
this "marker" with clinicopathological parameters, as well as
with long-term clinical prognosis. 

Patients and Methods

Patients. The study included 46 consecutive patients with MG who
underwent modified maximal thymectomy (14) for therapeutic
purposes. There were 17 males and 29 females aged 16-75 (mean
36.60±16.09-median 30.5) years. Diagnosis of MG was confirmed
on clinical, pharmacological, immunological and electro-
physiological grounds. Preoperative clinical staging (Osserman
classification) included stage I in five, IIA in 21, IIB in 17 and III
in three cases. Data regarding the time interval between disease
onset and thymectomy were available for 43 out of 46 patients, in
22 patients the time interval between disease onset and
thymectomy was less than a year and in 21 patients more than a
year. Microscopic examination of the thymus (after thymectomy)
showed thymic follicular hyperplasia (21), in 26, atrophy in eight,
thymomas of B1 and B2 type in nine and thymoma of B3 type
(well differentiated thymic carcinoma) (22) in three cases. The
patients were evaluated for 39-166 (mean 91.87±38.38; median
86) months after thymectomy. At the end of the follow-up period,
according to the standard criteria (23) patients were classified as
having: complete stable remission, pharmacologic remission,
minimal manifestations, improvement or deterioration. Finally
the patients with complete stable remission were assigned to
group A and all other patients assigned to group B. For each
patient, the slides and pathology report were blindly reviewed to
confirm the pathologic diagnosis. Thymic tissues obtained from
five aborted embryos (aged 28-30 weeks) were used as controls as
described previously (14). Table I shows the clinical, and
histological features of all the patients at the time of the
thymectomy. 

Surgical technique. Surgery for all patients was the previously
reported (14) ‘modified maximal thymectomy’ (MMT). Briefly, this
technique resembles the ‘maximal’ thymectomy described by
Jaretzki and Wolff (3) and is also analogous to the extended
‘cervicomediastinal’ thymectomy reported by Bulkey et al. (4). The
main modifications of the previous techniques are: (a) a transverse
cervical incision is avoided and instead, the upper incision cervical
flaps are elevated up to the thyroid gland to achieve cervical
exposure for perithymic and fatty tissue resection; (b) the
pericardium is left intact, unless it is involved by an invasive
thymoma; (c) any manipulation of the thymus gland is intentionally
avoided until the main thymic vein drainage has been excluded
from the circulation in an attempt to eliminate the possibility of
releasing into the circulation thymic ‘factors’ potentially associated
with the development of the disease. Particular care is taken while
dissecting the fat tissue at the aortopulmonary window, where the
possibility of damaging the left phrenic nerve and the recurrent
laryngeal nerve is high. 
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Immunohistochemistry. The detection of the cells that expressed
bcl-2, bax and caspase-3 proteins relied on immunohistochemistry
based on a streptavidin biotin peroxidase method (Biogenex, San
Ramon, CA, USA) as described elsewhere (14, 18). Four-
micrometer-thick paraffin sections were used, and primary
antibodies included the following: monoclonal antibody to bcl-2
(DAKO, CA, USA, at a dilution of 1:40), polyclonal antibody to
bax (Santa Cruz, USA, at a dilution of 1:1500), polyclonal antibody
to caspase-3 (dilution 1:150, Santa Cruz, USA). All incubations
were performed for 30 minutes at room temperature.
Diaminobenzidine (Sigma Fast 3,3'-diaminobenzidine tablets, D-
4293; Sigma, St. Louis, MO, USA) was used as the chromogen.
Cytoplasmic staining for bcl-2, cytoplasmic and membranous
staining for bax and cytoplasmic staining for caspase-3, were
considered positive. For positive control purposes, the same
staining procedure (for bcl-2, bax and caspase-3) was performed on
paraffin sections from human tonsils. For negative-control
purposes, the same streptavidin-biotin technique was used on tissue
sections in which 1% BSA in PBS substituted the primary antibody.

In situ hybridization for bcl-2 and bax mRNA detection in paraffin
sections. For the detection of bcl-2 and bax mRNA, a standard
nonradioactive in situ hybridization (ISH) method (14) was
performed on paraffin sections, using the Hybridization/Detection
Complete System (MBI, Rocville, MD, USA), and the following
probes: i) Biotinylated Long DNA Probe for Human Bcl-2 Gene.
Cat. No.: IH-60041 (BCL-6001-B) (MBI), (Alignment on database:
Genbank, M14745). ii) Biotinylated Long DNA Probe for Human
Bax Gene. Cat. No.: IH-60040 (BAX-6001-B) (MBI), (Alignment
on database: Genbank, L22473). Four-Ìm thick sections were cut
for ISH, taking care to prevent RNAse contamination. The method
was performed according to the manufacturer’s instructions. Briefly,

4-Ìm thick sections were dewaxed, hydrated, incubated with 1Ã
proteinase K solution for 30 minutes at 37ÆC, dehydrated and dried
at 37ÆC for 5 minutes. Thereafter, sections were incubated with
digoxigenin (DIG)-labeled riboprobe (for bcl-2 and bax in a 10-fold
dilution in hybridisation solution; MBI) under a glass coverslip at
70ÆC for 10 minutes (RNA secondary structure denaturation) and
subsequently, at 37ÆC for 4 hours to complete hybridization.
Subsequently, 1 drop of Rnase [15 Ìg/mL (MBI)] was placed on the
sections, and slides were incubated at 37ÆC for 30 minutes.
Thereafter, the specific protocol [Hybridization/Detection Complete
System (MBI)] was performed according to the manufacturer’s
instructions, and BCIP/NBIT (DAKO) was used as a chromogen.

Slides were counterstained with Nuclear Fast Red (DAKO).
Cytoplasmic staining for bcl-2 and bax was considered a positive
result. For positive control tissues, paraffin sections from human
tonsils were used. To confirm that the positive stain was specific,
the slides were processed in an identical way and hybridized with
probes that are known to be complementary to sequences in the
test sections (human genomic DNA probes; positive control
probes). These probes (biotinylated oligonucleotide probes) were
similar in length and GC content to the bcl-2 and the bax probes.
For negative-control purposes, the slides were processed in the
same way but were hybridized with heterologous probes. The latter
were not complementary to any sequence in the test tissues. These
negative-control probes were similar in length and in GC content
to the bcl-2 and the bax probes. The positive- and negative-control
probes were provided by MBI.

In situ labeling of fragmented DNA for the detection of apoptotic cells.
A standard TUNEL method was employed to detect the
fragmented nuclear DNA associated with apoptosis on 4 Ìm thick
paraffin sections. For this purpose, the In Situ Cell Death Detection
Kit, POD (Roche, CA, USA) was used as previously described (14).
After standard deparaffinization, hydration, incubation with
proteinase K, and blocking of endogenous peroxidase, tissue
sections (4-Ìm thick) were incubated as follows: (i) with TdT
(terminal deoxynucleotidyl transferase) and digoxigenin-dUTP
(TUNEL reaction mixture) at 37ÆC for 60 minutes and (ii) with
peroxidase converter anti-fluorescein antibody at 37ÆC for 30
minutes. Diaminobenzidine (Sigma Fast 3,3'-diaminobenzidine
tablets, D-4293; Sigma) was used as the chromogen. For
physiological positive controls, sections of rat small intestine were
subjected to the same procedure. For negative controls, some slides
were incubated with label solution that did not contain TdT.

Morphometric analysis. Quantitative analysis of the percentage of
cells that displayed: (i) positive immunohistochemical stain for bcl-2,
bax and caspse-3 proteins; (ii) positive ISH stain for bcl-2 and bax
mRNA; and (iii) positive TUNEL reaction for fragmented DNA was
performed in a way similar to that described earlier (14). For each
marker a separate value for medulla and cortex was obtained in each
case. In addition, in each case the bax/bcl-2 ratio was calculated by
dividing the % of bax (+) cells by the % of bcl-2 (+) (again
separately for thymic medulla and cortex). The % of TUNEL+ cells
gave the apoptotic body index (ABI) for each case. The sections
were scored blindly to the clinical profile of the patients. 

Statistical analysis. Results were reported as mean±SD, median,
and range. Intergroup comparisons, with regard to correlation of
thymus pathology and MG stage with staining results, were
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Table I. Clinical and histological parameters of patients with MG (n=46).

Gender
Male 17
Female 29

Age (yr)
Mean±SD (range) 36.6±16.09 (16-75) 

Osserman classification
I 5
IIA 21
IIB 17
III 3

Duration of disease prior to surgery (months) 14(5-61) 
Medication

Pyridostigmine (120-300 mg/day) 38
Prednisone (10-60 mg/alternate day) 29
Previous plasmapheresis 5
Azathioprine 3

Original pathologic diagnosis
Hyperplasia 26 
Atrophy 8
Thymoma types B1 and B2 9
Thymoma type B3 3

Thymus size (cm3) 43.3±5.4 (19.4-91.6)
Thymus weight (gr) 40.2±6.3 (22-87)



performed using one-way analysis of variance (ANOVA). When
the equal variance test or normality test failed, the Kruskall-Wallis
non-parametric test was applied. In order to address the problem
of multiple comparisons, these tests (ANOVA, Kruskall-Wallis)
were followed by a post hoc Bonferroni test. Spearman's rank
correlation was used to examine the possible associations between
the immunohistochemical or ISH results for bcl-2, bax and the
bax/bcl-2 ratio and the immunohistochemical results for caspase-3,
and the results for TUNEL stain, on the one hand, and the thymus
weight and size, on the other. Spearman's rank correlation was also
used to detect any relationships between bcl-2, bax, the bax/bcl-2
ratio, caspase-3 and ABI. The Kaplan-Meier survival curves were
used to determine any significant relationships between the bax/bcl-
2 ratio and the status of patients as this was described above.
Finally the Cox-hazard regression model was applied in order to
detect any independent prognostic factors involved in the status of
the patients. Data were analyzed using the SPSS 10.1 for Windows
(SPSS®, USA). Any p-value less than 0.05 was considered
significant.

Results

Early outcome. Postoperatively, five patients underwent
overnight ventilation with the rest being extubated within
hours following surgery. There were no deaths. Four
patients developed postoperative respiratory complications,
three of whom required assisted mechanical ventilation and
one plasmapheresis in addition. One patient suffered
transient laryngeal nerve injury, and one developed deep
venous thrombosis. 

Patient’s long-term follow-up. Follow-up data were available
for 39/46 patients. Figure 1A and 1B show the results. 37/39
(94.87%) patients generally improved and two deteriorated
(Figure 1A). The improvements were categorized as follows:
complete stable remission (n=13), pharmacological remission

(n=2), minimal manifestations (n=17), improvement (n=5)
(Figure 1B). Patients of group A (13/39) were evaluated for
45-160 (mean±SD 85.46±35.25, median 80) months after
thymectomy, whereas the remaining 26 patients (group B)
were evaluated for 39-166 (mean±SD 92.84±39.4, median
87) months after thymectomy (p=0.572). 

Bcl-2 and bax expression and Bax/Bcl-2 ratio. Bcl-2.
Immunohistochemistry for the bcl-2 protein and ISH for
bcl-2 mRNA displayed a similar staining pattern. Bcl-2
expression in the medulla was higher in patients with MG
compared to controls (p<0.001). Bcl-2 was expressed mainly
in thymocytes and less in epithelial cells. Bcl-2 was more
frequently detected in the medulla and less in the cortex.
The germinal centers contained only scattered bcl-2(+)
cells, whereas epithelial cells showed rare active production
of bcl-2 (few cells positive for bcl-2 mRNA). Bcl-2
expression in the medulla was higher in hyperplasia (Figure
2A) and thymoma compared to carcinomas: bcl-2 protein:
66.2±2.8 and 63.4±3.2 vs. 44.2±3.2 (p<0.001 respectively);
bcl-2mRNA: 67.4±3.2 and 62.5±2.1 vs. 47.8±2.4 (p<0.001
respectively). As Figure 3 demonstrates there was a
decrease of bcl-2 expression from Osserman stage I to stage
III (–72 times for mRNA and –29 times for protein).
Spearman's rank correlation did not reveal any relationship
between bcl-2 expression and thymus weight and size. 

Bax. The bax expression in the medulla and the cortex was
higher in patients with MG compared to controls (p<0.001).
In patients with MG associated with thymoma, both bax
protein and bax mRNA were detected mainly in epithelial
cells and to a lesser degree in thymocytes. The germinal
centers showed (a) numerous cells that expressed bax protein

in vivo 21: 123-132 (2007)

126

Figure 1. A. After modified maximal thymectomy 37/39 (94.87%) patients improved and 2/39 deteriorated (see text for details). B. The clinical status of
all 39 patients after thymectomy (see text for details).



and (b) high active bax production (numerous bax mRNA+
cells). Bax expression was higher in cases of carcinoma
(Figures 2B, 2C) compared to thymoma and hyperplasia: bax
protein: 69.7±3.2 vs. 41.9±4.5 and 42.1±2.2 (p<0.001
respectively); baxmRNA: 71.3±4.2 vs. 43.9±7.8 and 47.6±2.1
(p<0.001 respectively). As Figure 3 demonstrates there was a
trend for increase of bax expression from Osserman stage I
to stage III (290 times for mRNA and 310 times for protein).
No correlation was recorded between bax expression and
thymus weight and size. 

Bax/Bcl-2 ratio. The presence of both bcl-2mRNA and
baxmRNA confirmed that bcl-2 and/or bax were actively
produced within thymocytes or thymic epithelial cells, but
different sites of production and origin were displayed. The
bax/bcl-2 ratios of the mRNA and protein levels are listed in
Table II. The ratios were increased towards the advanced stages
and in the thymic carcinomas compared to the thymomas and
the thymic hyperplasias. As Figure 3 shows there was a trend

for n increase of the ratio from Osserman stage I to stage III
(370 times for mRNA and 391 times for protein). 

Pattern of staining for apoptotic cells. ABI was also higher in
the patients with MG compared to controls (p<0.001). In
patients with MG (thymic hyperplasia, atrophy, thymomas
and carcinoma), TUNEL+ cells were present both in the
medulla and in the cortex (Figure 2D). Positive cells
included lymphocytes and epithelial cells. ABI was higher
in the two cases of the carcinomas compared to the
thymoma and the hyperplasia/atrophy cases: 66.7±4.8 vs.
36.3±2.5 and 29.3±3.4 (p<0.001 respectively). In addition,
ABI increased with advancing MG stage: 69.3±3.4 (stage
III) vs. 37.6±5.2 (stage I) (p<0.001). Spearman's rank
correlation revealed: (a) a direct correlation between ABI
and bax protein (r=0.46) or bax mRNA (r=0.47) in
medullary areas (p<0.05 in each case), (b) a reverse
correlation between ABI and bcl-2 expression in the
medullary areas (r=_0.36, p<0.05). 

Salakou et al: Bax/Bcl-2 Ratio and Caspase-3 in Patients with Myasthenia Gravis

127

Figure 2. A. Numerous bcl-2 positive cells in a hyperplastic thymus (arrows-streptavidin-biotin-peroxidase x250). B. Numerous bax positive cells in a
thymic carcinoma (arrows-streptavidin-biotin-peroxidase x400). C. BaxmRNA expression in a thymic carcinoma (arrows-in situ hybridization alkaline
phosphatase x400). D. Apoptotic bodies in a thymic carcinoma (TUNEL peroxidase x400).
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Figure 3. Changes in the bcl-2, bax and bax/bcl-2 ratio (of the mRNA and protein levels) in all 46 cases. **p<0.05, *p<0.01, ¶p<0.001.

Table II. Bax/Bcl-2 ratio for protein and mRNA levels in relation to thymus pathology and MG stage (Osserman classification).

Pathologic Number of Bax/Bcl-2 protein Bax/Bcl-2 mRNA 
factors cases (ª±SD) (ª±SD)

Thymus pathology Medulla* Cortex& Medulla+ Cortex¶

Hyperplasia +Atrophy 34 0.63±0.01a,b 0.82±0.02 0.65±0.06a,g 1.41±0.01g

Thymoma (µ1/µ2 type) 9 0.66±0.04c,d 0.97±0.03g 0.68±0.02b,c 0.76±0.03h,k

WDC (thymoma B3 type) 3 1.57±0.02a,c,e 1.64±0.05a,g 1.49±0.07b,d,g 2.9±0.02f,h

Controls 5 0.93±0.03b,d,e 1.09±0.03a 0.88±0.03a,c,d 1.90±0.04f,g,k

Osserman stage Medulla** Cortex¥ Medulla$ Cortexí

Stage I 5 0.58±0.04a,b,c 0.41±0.01f 0.59±0.03a,b,f 0.41±0.01a,f,g

Stage IIA 21 0.78±0.03a,d,e 0.74±0.01a,g 0.80±0.07c,f,j 0.75±0.07b,g,j

Stage IIB 17 1.28±0.06b,d,i 1.74±0.01g 1.29±0.01a,c,d 2.24±0.03b,f,l

Stage III 3 2.23±0.07c,e,i 4.00±0.01a,f 2.15±0.06b,d,j 3.40±0.05a,j,l

Total 46

WDC: Well-differentiated carcinoma; *,**Differences significant at p<0.001 in data with matching letters a, b, c, d, e and letters a, b, c, d, e, i,
respectively; &Differences significant at p<0.01 in data with matching letter a and at p<0.05 with g; +Differences significant at p<0.001 in data
with matching letters b, c, d and at p<0.05 with g; ¶Differences significant at p<0.01 in data with matching letter f and at p<0.05 with g, h, k;
¥Differences significant at p<0.001 in data with matching letter a, at p<0.01 with f and at p<0.05 with g; $Differences significant at p<0.001 in
data with matching letters a, b, c, d and at p<0.01 with f, j; íDifferences significant at p<0.001 in data with matching letters a, b, at p<0.01 with
f, j, l and at p<0.05 with g.



Caspase-3. Table III exhibits the caspase-3 protein expression.
In normal control cases, caspase-3 was detected mainly in the
epithelial cells of the thymic medulla and less in the cortex. In
cases of MG associated with hyperplasia and atrophy, caspase-
3 was present mainly in the cells of the thymic medulla and
less in the cortex. The staining pattern was cytoplasmic. The
germinal centers showed numerous cells that expressed
caspase-3. In patients with MG associated with thymoma,
caspase-3 was detected mainly in the epithelial cells and less in
the thymocytes. In the surroundings of the thymoma tissues,
caspase-3 was expressed in a similar fashion to hyperplasia
and atrophy cases. The three cases of thymic carcinomas
displayed numerous caspase-3 positive cells (Figure 4).
Caspase-3 expression was higher in cases of carcinoma
compared to thymoma and hyperplasia (p<0.001) and in
patients with MG compared to controls (p<0.001). In
addition, caspase-3 expression increased with advancing MG
stage (p<0.001). No correlation was recorded between
caspase-3 expression and thymus weight and size. 

Correlations between bax/bcl-2 ratio with the other parameters
and survival. The bax/bcl-2 ratios (mRNA and protein) were
correlated with up-regulated caspase-3 expression (r=0.782
and 0.583, p<0.01), apoptosis (r=0.591 and 0.358, p<0.01
and p<0.05). All the 13 cases in group A had a bax/bcl-2
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Figure 4. Immunohistochemical expression of caspase-3 in a case of thymic carcinoma (arrows: streptavidin biotin peroxidase, x400).

Table III. Caspase-3 protein expression in relation to thymus pathology
and MG stage (Osserman classification).

Pathologic factors Number of Caspase-3
cases

Thymus pathology Medulla* Cortex&

H+A 34 40.8±4.6a,b 4.2±1.3
Thymomas 9 41.2±1.7c,d 4.1±1.1g

(B1/2 type)
WDC (Thymoma 3 69.3±2.2a,c,e 6.4±0.9a,g

B3 type)a
Controls 5 28.2±1.3b,d,e 2.4±1.2a

Osserman stage M** C¥

Stage I 5 35.8±4.6a,b,c 2.1±1.3f

Stage IIA 21 43.2±1.7a,d,e 3.2±1.1a,g

Stage IIB 17 55.3±2.2b,d,i 5.3±0.9g

Stage III 3 64.2±1.3c,e,i 7.4±1.2a,f

Total 46

Values are mean±SD. H+A: hyperplasia and atrophy. WDC: well
differentiated carcinoma. *Differences significant at p<0.001 in data
with matching letters a, b, c, d, e; &Differences significant at p<0.01
in data with matching letter a and p<0.05 in g; **Differences
significant at p<0.001 in data with matching letters a, b, c, d, e, i;
¥Differences significant at p<0.001 in data with matching letter a, at
p<0.01 in f and at p<0.05 in g.



ratio<1 (mean±SD: 0.58±0.04 for mRNA and 0.62±0.03
for protein), whereas all the 26 cases of group B had a
ratio>1(1.47±0.07 for mRNA and 1.52±0.18 for protein).
The Kaplan Meier survival curves showed higher, free of
disease, survival in group A (Figure 5, p=0.0082). Cox
regression analysis (Table IV) revealed that only a) a
shorter interval time between disease onset and thymectomy
(less than a year), b) an earlier stage (π and ππ∞ vs. ππµ+πππ)
of the disease and c) bax/bcl-2 ratio constitute independent
prognostic factors. 

Discussion

This study has demonstrated that in patients with MG who
underwent MMT for therapeutic reasons, the bax/bcl-2 ratio
may up-regulate caspase-3 activation and modulate
apoptosis associated with progression of the disease. In
addition, it was found that cases with a bax/bcl-2 ratio of less
than one may show improvement and full remission without
medication support. Also, with marginal significance it was
found that this ratio might serve as an independent
prognostic factor. With regards to the clinical aspect, in
accordance to what is widely accepted, MMT was
demonstrated to be associated with favorable long-term
prognosis and remains an effective method for treating MG.
The clinical parameters related to less favorable long-term
outcome were the duration of symptoms more than one
year prior to surgery and, marginally significant, the stage
of the disease.
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Figure 5. Correlation between bax/bcl-2 ratio and the cumulative- symptoms
free -survival after thymectomy. Group A and Group B: see text for details.

Table IV. Relationship of potential prognostic factors with patients’ clinical status (see text for details) (Cox’ s proportional hazards regression analysis
model).

Factors B SE Wald df Odds 95% CI for Odds Sig. (p)
Lower Upper

Gender 0.088 0.365 0.058 1 1.092 0.534 2.232 0.810

Age 0.012 0.014 0.724 1 1.012 0.985 1.039 0.395

Thymus weight –2.251 1.329 2.867 1 0.105 0.008 1.426 0.090

Thymus size –0.303 0.459 0.435 1 0.739 0.301 1.817 0.510

Thymus pathology 1.089 0.902 1.457 1 2.970 0.507 17.397 0.227

Osserman stage# –4.513 2.628 2.949 1 0.011 0.000 1.892 0.086

Osserman stage+ 0.766 0.380 4.076 1 2.152 1.023 4.529 0.043*

ABI 0.294 0.686 0.184 1 1.341 0.350 5.142 0.668

bax/bcl-2 ratio 1.930 0.947 4.157 1 6.892 1.078 44.073 0.041*

Time interval between disease 

onset and thymectomy –1.792 0.694 6.659 1 0.167 0.043 0.650 0.01*

ABI: apoptotic body index; #correlation of the outcomes between patients with stage ππ∞ and patients between stages ππµ+πππ; +correlation of the
outcomes between patients with stages π+ππ∞ and patients between stages ππµ+πππ; *p<0.05.
B: all patients without complete stable remission.



The role of bax and bcl-2 in the progress of apoptosis has
been evaluated in several in vivo and in vitro systems (20,
24). However, there are few data regarding the role of bax
and bcl-2 and their regulatory roles in the thymus of
patients with MG. We have previously shown (14) we have
shown that in the thymus of patients with MG, the bcl-2
expression was elevated especially in cases of thymic
hyperplasia and thymomas and decreased with advancing
MG stage and the bax expression was elevated higher in
patients with MG especially in thymic carcinomas and
increased with advancing MG stages.

Regarding the role of apoptosis in the thymus, previously
(14) we have shown that in patients with MG who
underwent thymectomy, apoptosis was increased in the
advanced MG stages, especially in MG accompanied by
thymic carcinomas. It seems that, inhibition of apoptosis
may be one of the mechanisms through which autoreactive
cell promoters exert their effect. The progression of MG
towards the advanced stages could be attributed to higher
activation or lower inhibition of apoptosis. However, the
role, importance and regulating mechanisms of apoptosis in
the progression, prognosis, and treatment of MG have not
yet been fully clarified. Thus, in the current study we have
started address this issue by investigating the implication of
bax, bcl-2 and caspase-3 in this process.

The bcl-2 oncogene inhibits apoptosis by affecting several
cell pathways. One possibility is that bcl-2 may mediate the
mechanism that desensitizes thymocytes to apoptotic
triggering. In the past we have shown that bcl-2 expression was
higher in patients with MG compared to control thymuses and
bcl-2 was mainly present in the medulla rather than in the
cortex (14). Thus we are tempted to speculate that bcl-2 is
implicated in the impairment of autoreactive thymocyte
apoptosis in patients with MG. Alternatively, the presence of
bcl-2 could be related to the presence of inflammatory cells
and thus the thymic medulla, in cases of MG, may mimic the
inflammatory lymph nodes (25). Previously (14), we have
demonstrated that bcl-2 protein or mRNA was more
frequently expressed in cases of hyperplasia/atrophy and
thymoma rather than carcinoma. This may suggest that
abnormal bcl-2 expression is an early event of thymus
oncogenesis, implying that gene down-regulation may play a
role in thymic cell differentiation and turnover by committing
the cells to apoptosis and leading to the accumulation of long-
living cells and finally to tumor development. 

In that same previous study (14) we have shown that in
the thymus of patients with MG, bax expression somehow
displayed an opposite pattern to that of bcl-2 presence. It
was expressed in the medulla, and was more prominent
within germinal centers, which displayed in general high
apoptotic indices, and this may be due to the fact that bax
acts as a cell death effector protein. Furthermore, bax
expression was higher in cases of thymic carcinoma

compared to hyperplasia and thymomas; this suggests that
this oncogene may play an important role in the late stages
of thymic oncogenesis, implying that up-regulation of the
gene may commit thymic epithelial cells to apoptosis, leading
finally to progress of the disease. A possible explanation for
increased bax protein/mRNA towards advanced MG stages
is that bax enhances apoptosis of autoreactive thymocytes
and subsequently leads to increased cellular proliferation
and growth and finally to advanced stage disease. 

Regarding bax/bcl-2 ratio, in the current study, at both
the mRNA and protein levels there is a strong increase in
this ratio that favors apoptosis with advancing MG stages.
The best functionally linked enzyme to apoptosis is caspase-
3. It is considered as apoptosis executor that is downstream
of the bcl-2 family. Activation of caspase-3 results to
apoptosis via chromosome condensation, cell membrane
blebbing and DNA fragmentation (26). Caspase-3 activation
by cell death signals may happen via three routs: the
mitochondrial (related to bax and bcl-2), the endoplasmic
reticulum, or a death receptor (FAS, FAS-L) (10, 27). In
this study we showed that in cases of MG caspase-3 activates
the cell death signals probably through the mitochondrial
way. Immunolocalization of caspase-3 was similar to that of
bax and the apoptotic bodies (as detected by the TUNEL
method). This implies that the apoptotic pathway triggered
by bax/bcl-2 related caspase-3 activation may be involved in
the presence of apoptosis in thymus of patients with MG.
Furthermore, caspase-3 can cleave bcl-2 protein in vivo but
it does not affect bax (28). Subsequently, the cleavage
products of bcl-2 are located to the mitochondria resulting
in the release of cytochrome c and leading to more caspase-
3 activation as a positive feedback effect, reinforcing the
apoptotic effect (29). The current study has shown that
increased caspase-3 and apoptosis were inversely related
with bcl-2 levels which strongly supports the hypothesis that
caspase-3 is responsible for bcl-2 cleavage and development
of apoptosis in vivo. 

In conclusion, this study demonstrated that in patients
with MG who underwent MMT for therapeutic reasons, the
bax/bcl-2 ratio may up-regulate caspase-3 activation and
modulate apoptosis associated with progress of the disease.
In addition, a bax/bcl-2 ratio of less than one might be a
reasonable "marker" for long-term outcome, as it was
correlated with complete stable remission in our study.
However, further studies and prospective trials, are
necessary to elucidate the role of this marker in the design
and selection of the appropriate therapy.
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