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Abstract

Background/Aim. Apoptotic protease-activating factot-
1 (Apaf-1) is a key molecule in the intrinsic or mitochon-
drial pathway of apoptosis. Some pathological conditions,
such as cancer, stroke, and neurodegenerative diseases, are
the result of dysregulation in the intrinsic apoptosis path-
way. The aim of this study was to analyze the immuno-
histochemical expression of Apaf-1 in adenoid cystic car-
cinoma (ACC) cells of the salivary glands and its correla-
tion with clinicopathological parameters of patients (gen-
der, age, localization, histological type, and overall surviv-
al). Methods. Formalin-fixed, paraffin-embedded tissues
of ACC of the salivary glands from 50 male and female pa-
tients with an average age of 58 years, were used for the
study. We used the technique of tissue microarray (TMA
blocks). Sections from the TMA mold, 5 pm thick, were
stained with the streptavidin-biotin immunohistochemical
technique using primary antibodies specific for Apaf-1
(Leica Biosystems, Newcastle, UK). Stained tissue sections
were analyzed by the light microscope (Olympus type BH-
2). Based on the data collected, the database was created in
SPSS software v. 22.0 (SPSS Inc., Chicago, ILL, USA),
which was used for further statistical analysis. The statisti-

Apstrakt

Uvod/Cilj. Faktor 1 aktivacije proteaza apoptoze (Apaf-1)
je klju¢ni molekul u unutrasnjem ili mitohondrijskom putu
apoptoze. Razli¢ita patoloska stanja, kao na primer
maligniteti, neurodegenerativne bolesti, mozdani udar,
povezuju se sa poremecajem unutrasnjeg puta apoptoze. Cilj
rada bio je da se analizira imunohistohemijska ekspresija
Apaf-1 u Celijama adenoidnog cisticnog karcinoma (ACC)
pljuvacnih zlezda i njegova korelacija sa klinicko-patoloskim
parametrima obolelih (pol, starost, lokalizacija, histoloski tip
i ukupno prezivljavanje). Metode. U studiji su korisceni

cal data analysis included methods of descriptive and ana-
Iytical (inferential) statistics. Results. The results of the
immunohistochemical analysis of Apaf-1 expression in the
samples of patients with ACC of the salivary glands were
compared with the clinicopathological parameters of these
patients. The immunohistochemical expression of Apaf-1
showed no statistical significance with regard to the pa-
tients” gender (p = 0.552), age (p = 0.100), histological tu-
mor type (p = 0.654), and localization of ACC in the sali-
vary glands (p = 0.486). There was no statistically signifi-
cant correlation observed between the overall survival of
ACC patients and Apaf-1 expression in tumor cells (p =
0.340, Log-Rank test). Conclusion. With regard to ACC,
Apaf-1 expression is not in correlation with clinicopatho-
logical parameters (gender, age, localization, histological
tumor type, outcome of the disease, and overall survival).
Therefore, we believe Apaf-1 cannot be regarded as an in-
dependent prognostic factor for course and outcome of
ACC of the salivary glands.
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sex; apoptosis regulatory proteins; age factor;
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parafinski uzorci ACC pljuvacnih Zlezda 50 obolelih
muskaraca i zena, prosecne starosti 58 godina. Korisc¢ena je
tehnika mikrotkivnog niza (Zissue microarrays — TMA block).
Mikrotkivni preseci, debljine 5 um, bojeni su streptavidin-
biotin  imunohistohemijskom  tehnikom  primenom
primarnog antitela specificnog za Apaf-1 (Leica Biosystems,
Newecastle, UK). Preparati su analizirani svetlosnim
mikroskopom (Olympwus type BH-2). Na osnovu
prikupljenih podataka kreirana je baza podataka u SPSS
softveru 22.0 (SPSS Inc., Chicago, ILL, USA) koji je
koriS¢en za dalju statisticku analizu. Statisticka analiza
podataka obuhvatala je metodu deskriptivne i analiticke
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(inferencijalne) statistike. Rezultati. Rezultati
imunohistohemijske analize ekspresije Apaf-1 u uzorcima
bolesnika sa ACC pljuvac¢nih Zlezda uporedeni su sa
njihovim  klini¢cko-patoloskim  parametrima. Ekspresija
Apaf-1 nije pokazala statisticku znacajnost u odnosu na pol
bolesnika (p = 0,552), starost (p = 0,1006), histoloski tip
tumora (p = 0,654) i lokalizaciju ACC u pljuvacnim
zlezdama (p = 0,486). Nije primecena statisticki znacajna
korelacija izmedu ekspresije Apaf-1 1 prezivljavanja
bolesnika sa ACC (p = 0,340, Log-Rank test). Zakljucak. U
odnosu na ACC, ckspresija Apaf-1 nije u korelaciji sa

klinicko-patoloskim parametrima bolesnika (pol, starost,
lokalizacija, histoloski tip i ukupno prezivljavanje). Zato
veruyjemo da se Apaf-1 ne moZze smatrati nezavisnim
prognostickim faktorom za tok i ishod ACC pljuvacnih
zlezda.

Kljucne reci:

pol; apoptoza, regulatorni proteini; Zivotno doba,
faktor; imunohistohemija; faktor-1, proteaza-
aktivirajuci, apoptoticki; karcinom, adenoidni cisti¢ni;
preZivljavanje.

Introduction

According to the latest WHO histological classifica-
tion !, salivary gland carcinomas encompass over 20 histo-
logical types and comprise 8.5% of all head and neck carci-
nomas 2. Being one of the most frequent malignant tumors
affecting the salivary glands, adenoid cystic carcinoma
(ACC) comprises 3-5% of all head and neck malignancies.
While ACC may develop in all salivary glands, it is mainly
located in the minor salivary glands, usually in the palate.
Slow growth, extensive local invasion, perineural spread, and
the late development of distant metastases are characteristic
of ACC 3%. Microscopically, ACC may show a cribriform,
tubular, or solid histopathological pattern, even though all
three patterns are present in most cases, with one pattern be-
ing dominant &7

The primary goal of treating ACC patients is to control
the disease locally while maintaining normal functioning and
preventing distant metastases. Therefore, surgical resection
of the tumor is the therapy of choice in most cases. However,
given the nature of the lesion, adjuvant therapy is used be-
sides surgical resection. The role of postoperative radiother-
apy is still considered controversial due to divergent reports
concerning its effects on ACC patients. Moreover, the role of
chemotherapy in ACC patients has not been adequately de-
fined yet &,

In recent years, there has been extensive research
into new biological markers in order to foresee the efficacy
of these therapies with more confidence. Nowadays, there
is a particular interest in the molecules involved in pro-
grammed cell death — apoptosis ® 1°. There are two apoptot-
ic pathways: extrinsic (receptor) and intrinsic (mitochon-
drial). Apoptotic protease-activating factor-1 (Apaf-1) has
an important role in the intrinsic apoptotic pathway. Apaf-1
is a multidomain protein (139 kDa) that contains the ami-
no-terminal domain, the central oligomeric nucleotide-
binding domain, and the carboxy-terminal domain. The
Apaf-1 protein binds cytochrome c released from mito-
chondria and initiates conformational changes and the for-
mation of a multiprotein complex — apoptosome, comprised
of cytochrome ¢, Apaf-1, and procaspase-9. This complex
proteolytically activates the caspase-9 enzyme, whose role
is to activate effector caspases (caspase-3 and -7) in cas-
cade reactions, which then initiate the degradation phase of
apoptosis 171415,

The evaluation of immunohistochemical expression of
Apaf-1 in relation to clinicopathological parameters of patients
has been conducted on various types of human tumors. Some
authors have indicated that lower expression of Apaf-1 can
represent the trigger for the malignant transformation of cells
and can also be the cause of chemotherapy resistance 15718,

Therefore, the aim of this study was to analyze the im-
munohistochemical expression of Apaf-1 in ACC tumor cells
of the salivary glands and its correlation with clinicopatho-
logical parameters of patients.

Methods

This study included 50 patients diagnosed with ACC of
the salivary glands. From the paraffin blocks, from each
case, three cylinders of tissue were taken from the tumor area
with a donor block with a diameter of 1.2 mm and placed in
the three recipient paraffin blocks (TMA blocks) every 62
cores. Control (human myocardium tissue) is also included
in the TMA blocks.

Five-micrometer cut sections from TMA blocks were
deparaffinized, rehydrated, placed in 3% H,O; for 10 min to
block endogenous peroxidase activity, and washed with tap
water. Then, they were processed with 0.01 citrate buffer
(pH 6.0) and treated in a microwave oven for 20 min at 600
W, and placed in a bath of tap water for 20 min, then in dis-
tilled water and TBS buffer (pH 7.6) for 5 min, and placed in
diluted normal serum for 10 min. Afterward, the tissue sec-
tions were incubated for 1 h with the following rabbit mono-
clonal primary antibody Apaf-1, Product Code: NCL-
APAF1, dilution 1:40, Leica Biosystems, Newcastle, UK.

Streptavidin-biotin method using DAKO’s LSAB+ kit
(DAKO, Denmark) was applied, with diaminobenzidine
(DAB) as the chromogen solution and Mayer’s hematoxylin
for the counterstain.

All immunostained sections were independently evalu-
ated by two pathologists. The results of immunohistochemi-
cal staining Apaf-1 were scored by a semiquantitative tech-
nique into 3 grades according to the intensity of the staining:
1+ (weak or negative), 2+ (moderate), and 3+ (strong).

Statistical analysis

Statistical analyses were performed using SPSS soft-
ware v. 22.0 (SPSS Inc., Chicago, ILL, USA). Descriptive
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data for all groups and variables were expressed as mean +
standard deviation (SD) for continuous variables or percent
of a group for discrete variables (categorical data).
Categorical data were analyzed using the Pearson’s y? test.
Normal distribution was tested using the Kolmogorov-
Smirnov test, and the normal distribution of continuous data
was tested with a one-way ANOVA test. Kappa coefficient
of agreement was used for the evaluation of correspondence
between two pathologists. Overall survival rates were calcu-
lated from the day of diagnosis by the Kaplan-Meier method,
and differences were evaluated by the Log-Rank test. All re-
ported p-values were two-sided. Differences were considered
significant when the p-value was < 0.05.

Results

This study used the streptavidin-biotin immunohisto-
chemical method in order to investigate the immunohisto-
chemical expression of Apaf-1 in ACC cells of the salivary
glands in relation to clinicopathological parameters of the pa-
tients. The evaluation was performed on biopsy samples of
50 patients (19 male and 31 female), with a mean age of 58
years (range 28-78 years). Statistical analysis showed a high
degree of interobserver concordance between the two
pathologists (x = 0.817).

In ACC cells, Apaf-1 was expressed in their cytoplasm.
In most cases (42%), the intensity of Apaf-1 expression was
strong (3+) (Figure 1a). Moderate expression (2+) was ob-
served in 15 (30%) samples (Figure 1b), while 14 (28%)
samples showed Apaf-1 expression graded as 1+ (Figure 1c).

The differences in the intensity of Apaf-1 expression in ACC Fig. 1 - Streptovidin-biotin immunohistochemical
cells in the salivary glands were not found statistically signif- staining of adenoid cystic carcinoma (ACC) tumor
icant (p = 0.423) (Table 1). cells in the salivary glands: a) strong (x400), b)
The results of the immunohistochemical analysis of moderate (x200), and c) weak (x200) intensity of
Apaf-1 expression in the samples of patients with ACC of apoptotic protease-activating factor-1 (Apaf-1)

the salivary glands were compared with the clinicopathologi- expression.

Table 1
Apoptotic protease-activating factor-1 (Apaf-1) expression in adenoid cystic carcinoma (ACC) of the salivary
glands and its correlation with patient's clinicopathological parameters

Patient's Apaf-1 expression Significance
characteristics + ++ +++ (p-value)
ACC, n (%) 14 (28.0) 15 (30.0) 21 (42.0) 30.423
Gender, n (%)
male 7 (36.8%) 5 (26.4%) 7 (36.8%) 30.552
female 7 (22.6%) 10 (32.3%) 14 (45.2%)
Age (years), mean + SD 52.50 + 15.42 57.80+12.5 61.81 +10.23 0,106
(median; min-max) (56.5; 29-78) (56; 39-78) (61; 41-75)
Localization, n (%)
parotid 1(25.0) 1(25.0) 250.0)
submandibular 1(11.2) 4 (44.4) 4 (44.4)
hard palate 8 (27.6) 7(24.1) 14 (48.3) 230.486
minor salivary gland 4 (50.0) 3(37.5) 1(12.5)
Histological type, n (%)
cribriform 2 (14.3) 5 (35.7) 7 (50.0)
tubular 6 (33.3) 4 (22.2) 8 (44.4) 30.654
solid 6 (33.3) 6 (33.3) 6 (33.3)
Outcome, n (%)
surviving 6 (31.6) 7 (36.8) 6 (31.6) 30.494
deceased 8 (25.8) 8 (25.8) 15 (48.4)

n — number of patients; SD - standard deviation.
3y2-test; POne-way ANOVA.
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cal parameters of these patients (Table 1). The immunohisto-
chemical expression of Apaf-1 showed no statistical signifi-
cance with regard to the patients’ gender (p = 0.552) and age
(p = 0.106). In male patients, the grades 3+ and 1+ were
equally represented, with 5 patients showing moderate (2+)
Apaf-1 expression. The intensity of Apaf-1 expression in
female patients was most frequently graded as 3+ (14/31).
There were 10 female patients showing moderate (2+) Apaf-
1 expression and 7 female patients with weak (1+) Apaf-1
expression.

Concerning the age of the patients, Apaf-1 expression of
1+ or 2+ was observed in the patients whose mean age was 56
years, whereas Apaf-1 expression graded as 3+ was observed
in the patients whose mean age was 61 years (Table 1).

Regarding the localization of ACC in the salivary glands,
the intensity of Apaf-1 expression was not found statistically
significant (p = 0.486) (Table 1). ACC located in the minor
salivary glands of the hard palate demonstrated strong Apaf-1
expression (3+) in 48% of cases. There was an approximate
number of cases with moderate (24.1%) and weak (27.6%) in-
tensities of Apaf-1 expression. A similar intensity of Apaf-1
expression was observed in ACC of the parotid glands. As op-
posed to these findings, the tumors located in the submandibu-
lar salivary gland showed the same percentage (44.4%) of
strong and moderate intensities of Apaf-1 expression, while in
11.2% of cases, Apaf-1 expression was graded as 1+.

Table 2

No statistically significant correlation was detected
between the histological tumor type and Apaf-1 expres-
sion (p = 0.654) (Table 1). Apaf-1 expression in tumors
with the cribriform pattern was most frequently graded as
3+ (50%). In 35.7% of cases, the intensity of Apaf-1 ex-
pression was graded as moderate, and in 14.3% of cases,
it was graded as 1+. The percentage of Apaf-1 expression
graded as 3+ was somewhat lower in ACC with the tubu-
lar pattern (44.4%), while Apaf-1 expression graded as 1+
was present to a higher extent when compared to tumors
with the cribriform pattern. When it comes to solid tu-
mors, the three different grades of Apaf-1 expression
were equally distributed.

The present study also investigated the significance of
evaluating Apaf-1 expression in relation to the outcome of
the disease (Table 1). The percentages of different Apaf-1
expression grades were quite similar in patients who were
alive at the end of this investigation. Strong immunopositivi-
ty (3+) was observed in tumor cells of approximately 50% of
deceased patients. The evaluation of Apaf-1 expression was
not found statistically significant in relation to surviving and
deceased patients (p = 0.494).

There was no statistically significant correlation ob-
served between the overall survival of ACC patients and
Apaf-1 expression in tumor cells (p = 0.340, Log-Rank
test) (Table 2, Figure 2).

Apoptotic protease-activating factor-1 (Apaf-1) expression in adenoid cystic carcinoma (ACC)
of the salivary glands in relation to the 13-year survival period

Follow-up period (years)

Grade of

Significance
Apaf-1
expression 1 3 5 7 9 10 11 13 (p-value)
+ 92.9 78.6 78.6 714 63.5 50.8 16.9 16.9
++ 93.3 93.3 80.0 53.3 53.3 53.3 53.3 26.7 #0.340
it 90.5 66.7 47.6 47.6 33.3 33.3 22.2 22.2
All values are expressed as percentages (%) of the patients.
#Log-Rank test.
Apaf-1
1.0 _':‘xﬂmsswn
-O-I +T:.1l
2+ censored
0.8 [ 3+ censored

0.6

0.4

Cverall survival

0.2

0.0

T
100

200

Time (months)

Fig. 2 — Overall survival of patients with adenoma cystic
carcinoma (ACC) in relation to apoptotic protease-activating
factor-1 (Apaf-1) expression.
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The mean survival period of patients with Apaf-1 ex-
pression of 1+ was 125 months. In these patients, the 5-year
survival rate was 78.6%, the 10-year survival rate was
50.8%, and the 13-year survival rate was 16.9%. The patients
with Apaf-1 expression graded as 2+ had the longest mean
survival period of 149 months. Their 5-year survival rate was
80%, while their 10- and 13-year survival rates were 53.3%
and 26.7%, respectively. The shortest mean survival period
of 60 months was detected in the patients with Apaf-1 ex-
pression of 3+. Their 5-year survival rate was 65%, whereas
their 10- and 13-year survival rates were 45.8% and 22.9%,
respectively.

Discussion

Salivary gland carcinoma is characterized by a disbal-
ance of regulatory mechanisms of different cellular path-
ways, including apoptosis. Apaf-1 is a key effector molecule
of the intrinsic apoptotic pathway, and it has been investigat-
ed in various human tumors %8,

Our findings suggest that ACC cells in the salivary
glands show Apaf-1 immunopositivity in most cases. Two
independent pathologists evaluated the intensity of cyto-
plasmic expression in the sections from TMA blocks with a
high degree of interobserver concordance. Strong Apaf-1 ex-
pression was detected in 42% of cases, while moderate Apaf-
1 expression was observed in 30% of cases. Weak or nega-
tive Apaf-1 expression was found in 28% of patients.

The evaluation of immunohistochemical expression of
the antibody typical of Apaf-1 has been conducted on pa-
tients with malignant melanomas. The level of Apaf-1 cyto-
plasmic expression was determined in the samples from
TMA blocks. As opposed to our findings, in 36 patients out
of 70 (51.4%) diagnosed with melanoma, Apaf-1 expression
was graded as weak. Moderate expression was observed in
21 (30%) patients, while strong expression was found in 7
(10%) patients. Six melanoma patients (8.6%) did not show
immunopositivity for this antibody °. Significantly reduced
expression of Apaf-1 molecules has been observed in colon
adenocarcinoma. Out of 529 patients with colon adenocarci-
noma, only 129 (22%) reacted positively to the antibody typ-
ical of Apaf-1 . Since Apaf-1 expression was graded as
strong in 76.9% of cases, Apaf-1 has been characterized as a
highly immunopositive marker, which is in line with our
findings observed in nevus cells. The loss of Apaf-1 expres-
sion can be the trigger for initiating a malignant transfor-
mation of melanocytes. Furthermore, it is argued that re-
duced Apaf-1 expression in melanoma cells, which have
demonstrated weak Apaf-1 expression in most cases, can be
the cause of chemotherapy resistance . Given the fact that
adenomas also showed 100% positivity for Apaf-1 antibody,
the authors believe that reduced Apaf-1 expression in adeno-
carcinoma is in correlation with the malignant alteration of
adenoma ’.

Cytoplasmic positivity for Apaf-1 antibody was ob-
served in cervix carcinoma, which is in accordance with our
findings. Out of 86 patients diagnosed with cervix carcino-
ma, 42% showed strong immunopositivity to Apaf-1. Mod-
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erate expression was observed in 34% and weak or negative
in 24% of patients 1°.

The ability of tumor cells to resist apoptotic signals can
affect the aggressiveness and, therefore, the prognosis. Several
studies have reported the results of the expression, i.e., the ac-
tivity, of the factor of apoptotic signaling, which affects the
apoptotic resistance of tumor cells or cell lines in the in vitro
conditions or animal models. However, the correlation of these
results with clinicopathological parameters and malignancy
prognosis is particularly significant *2t, The correlation be-
tween Apaf-1 expression and clinicopathological parameters
of ACC patients was not found statistically significant in our
study. Apaf-1 expression was most frequently graded as 1+ or
3+ in 19 male patients. Apaf-1 expression of 3+ was observed
in 14 out of 31 female patients. The mean age of the patients
with expressions of 1+ and 2+ was 56 years, while in patients
with expressions of 3+, it was 61 years. The tumors affecting
the minor salivary glands of the hard palate, which was the
most common localization in the present study, showed Apaf-
1 expression of 3+ in approximately 50% of cases. The corre-
lation between the histological type and Apaf-1 expression
was not found statistically significant either. Apaf-1 expres-
sion detected in cribriform and tubular tumors was mainly
graded as 3+. An equal distribution of the three different
grades of Apaf-1 expression was observed in the solid variant
of ACC, which is commonly associated with a less favorable
prognosis and the formation of distant metastases.

Our findings are in line with the findings reported about
melanomas since Apaf-1 expression was not found statisti-
cally significant concerning gender, age, histological sub-
type, and localization 5.

As opposed to our findings, reduced Apaf-1 expression
in colorectal carcinoma was in correlation with poor prog-
nostic factors such as depth of invasion, formation of metas-
tases in regional lymph nodes, and histological grading 2. In
patients diagnosed with cervix carcinoma, there was a signif-
icant correlation between Apaf-1 expression and nodal sta-
tus. The patients with strong or moderate Apaf-1 expression
had a significantly lower number of metastases in the lymph
nodes at the time of surgical intervention when compared to
the patients with weak or negative expression €.

According to the latest reports, the survival rates fol-
lowing surgical removal of ACC is 70% after 5 years and
60% after 10 years **,

Furthermore, Apaf-1 expression was not statistically sig-
nificant to the overall survival of ACC patients. In summary,
the number of surviving patients with Apaf-1 expression of 1+
and 2+ is approximately the same at the 5- and 10-year follow-
ups. A lower survival rate was observed in the patients with
Apaf-1 expression of 3+. In these patients, the survival rate
was 47.6% after 5 years and 33.3% after 10 years. The mean
survival period of ACC patients was the longest in the patients
with expression graded as 2+ (149 months), while the shortest
mean survival period was observed in the patients with expres-
sion graded as 2+ (60 months). Concerning the surviving and
deceased patients, Apaf-1 was not found statistically signifi-
cant. The patients who were alive at the end of the follow-up
period had almost equal percentages of different Apaf-1 ex-
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pression grades. Apaf-1 expression of 3+ was more common
in the deceased patients, i.e., in 15 out of 31 deceased patients.

Our findings are in line with the findings obtained in
the studies investigating Apaf-1 and the survival of patients
with melanoma > and colorectal carcinoma 8. The 5-year
survival rate of patients diagnosed with colorectal carcinoma
who had negative Apaf-1 expression was 67.7%, and their
10-year survival rate was 62.3%. The five-year survival rate
of patients with positive Apaf-1 expression was 72.7%, and
their 10-year survival rate was 67.1%. These findings are in
accordance with the findings obtained by Zlobec et al. ¥,
who investigated Apaf-1 expression in a large series of 1,420
colorectal carcinomas.

Conclusion

With regard to ACC, Apaf-1 expression is not in corre-
lation with clinicopathological parameters of patients (gen-
der, age, localization, histological tumor type, outcome of the
disease, and overall survival). Therefore, we believe Apaf-1
expression cannot be regarded as an independent prognostic
factor for course and outcome of ACC.
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