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ABSTRACT
Background: TIMP3 is a multifunctional proteolytic enzyme belonging to TIMPs family and 
acts as a potent inhibitor of matrix metalloproteinases (MMPs). TIMP3 possesses a tumor 
suppresive function by directly promoting tumor cell apoptosis, preventing angiogenesis and 
extracellular matrix remodelling. The lower expression of TIMP3 was associated with poor 
prognosis and overall survival in various cancer types. The aim of this study was to evaluate 
the association of TIMP3 protein expression with ovarian cancer (OC) clinicopathological 
features and survival outcomes. 
Patients and Methods: One hundred forty four of OC FFPE samples were collected from King 
Abdulaziz University Hospital, Saudi Arabia and constructed in tissue microarray (TMA) slides. Automated 
Ventana immunostainer platform was used to evaluate TIMP3 protein expression patterns. 
Results: The study showed that TIMP3 exhibits cytoplasmic localisation. This TIMP3 protein expres-
sion was not associated with age, tumor size and the involvement of lymph nodes (p > 0.05). 
However, it was significantly correlated with tumor stage (p < 0.05) and borderline significant with 
endpoint status (p = 0.07). Interestingly, the Kaplan-Meier analysis of disease specific survival (DSS) 
outcomes showed a significant association (p = 0.02, log rank) between OC patients with higher 
TIMP3 expression compared to those with lower expression. In fact, OC patients with high TIMP3 
expression had longer survivals. Multivariate Cox’s regression analysis suggests that low TIMP3 
protein expression pattern is an independent poor survival marker (p = 0.025). 
Conclusion: Cytoplasmic TIMP3 protein expression could be used as a good prognosticator to stratify 
poorly prognostic OC patients in order to personlaize their disease management.
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1. Introduction

Ovarian cancer (OC) has a high mortality rate due to late 
presentation to the clinic and more resistance to conven-
tional chemotherapy. This is likely to be attributed to its 
unique pathophysiological features and molecular hetero-
geneity [1]. The worldwide incidence rate of OC varies 
significantly depending upon multiple risk factors such 
as early-age menarche, delayed menopause, elderly age, 
higher number of ovulatory cycles, nulliparity, and use of 
fertility drugs [2–5]. The epithelial ovarian cancer (EOC) is 
the most frequent subtype accounting for approximately 
90% of OC cases [6,7]. In Saudi Arabia, OC accounted for 
3.3% of all cases of newly diagnosis female patients with 
an average of Age-Standardized Incidence Rate (ASR) of 
3 per 100,000 [8]. The 5-year survival rate among Saudi 

patients with advanced stages (III or IV) was very low (15– 
29%), but it is far better (88%) for women diagnosed at 
early stage (I). The majority of OC patients are diagnosed at 
advanced stages with metastatic dissemination to perito-
neal cavity and distant organs where the therapeutic 
options are unfortunately very limited and requires strin-
gent multimodal therapy modules [9]. Usually, patients 
respond positively to the treatment, but the majority of 
the patients develop resistance to chemotherapy leading 
to the relapsed fatal disease.

Besides the aberrant genomic and epigenetic 
changes in ovarian epithelial cells [10,11], mutations 
in genes responsible for maintaining normal ovarian 
epithelial tissue architecture can also promote EOC 
progression [12,13]. Before metastasis, epithelial cells 
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acquired mesenchymal characteristics through 
a process called epithelial-to-mesenchymal transition 
(EMT) followed by the dissolution of extracellular 
matrix (ECM) to create suitable environment for cell 
detachment, cell invasion and migration [14,15]. The 
physiological degradation of ECM is mainly mediated 
by specific metal ion containing proteolytic enzymes 
called the matrix metalloproteinases (MMPs) [16–18]. 
These MMPs cleave the ECM to accelerate tissue 
remodeling that promotes metastasis-related pro-
cesses including cells signaling and communication 
[19], cell growth, invasion and migration. The function 
of the MMPs is regulated and controlled by their 
natural inhibitors called tissue inhibitors of metallo-
peptidase (TIMPs). Published data revealed that the 
imbalance between MMPs and TIPMs has been 
involved in the development of several malignancies 
[3,9,13,14]. In particular, TIPM3 is a secreted glycopro-
tein of the TIMP family. But unlike other TIMPs, TIMP3 
is the only MMPs inhibitor know so far to be incorpo-
rated into the ECM. Impaired TIMP3 level has been 
reported in many cancers [20]. However, TIMP3 
increased expression was associated with good prog-
nosis indicating a potential role as a tumor suppressor 
and/or biomarker [21,22]. However, little is known 
about the expression of TIMP3 in OC. The current 
study was undertaken to evaluate the correlation 
between TIMP3 expression and the clinico- 
pathological features of Saudi OC patients and to 
assess its prognostic value in order to offer more 
effective OC management biomarkers.

2. Patients and methods

2.1. Patients

Tissue microarrays (TMAs) were constructed from for-
malin-fixed paraffin-embedded (FFPE) tissue of OC 
patients who underwent surgery at the Departments 
of Pathology & Gynecology, King Abdulaziz University 
Hospital (KAUH) in the period between 1995 and 2014 
after obtaining patients’ consent. This retrospective 
study consists of 144 OC patients classified using 
histopathological features mainly Tumor Node 
Metastasis (TNM) classification system. Using the 
patients’ medical records, all pathological and clinical 
data were collected following IRB approval (189–14).

2.2. Tissue microarray procedure

The FFPE tissue samples were transferred into a TMA 
format. From each block (donor block), sections were 
prepared and stained with hematoxylin and eosin to 
determine the tumor regions. From each block cylin-
ders of tissues (0.6 mm in diameter) were punched 
from tumor areas and transferred into recipient block 
by a fully automated instrument to produce five TMA 

paraffin blocks used for the study. Sections of 4 mm 
thickness were cut from the resulting TMA block and 
mounted on glass slide. Human normal placenta tis-
sue was used as a positive control with each run.

2.3. Automated immunostaining

Immunohistochemistry (IHC) was performed on OC 
tissues section slides using an automated staining 
system (Benchmark XT, Ventana Medical System, Inc. 
Tucson, Arizona, USA). Following the steps of depar-
affinization, heat pretreatment then antigen retrieval. 
the anti-TIMP3 primary rabbit polyclonal antibody 
(TIMP3; Lot# ab93637; Abcam, Cambridge, UK) anti-
body (1:300 dilution) was then applied manually and 
incubated at room temperature for one hour. When 
the run was completed, the slides were rinsed by mild 
detergent followed by water to remove the residual 
buffer, then immersed into different alcohol buffers 
concentrations of (70%, 95% and 100%, respectively). 
The slides were washed in xylene solution repeatedly 
for three (3) minutes followed by two (2) minutes in 
each washing session. After that, one drop of DPX 
mounting medium was applied onto each TMA slide 
and covered by glass coverslip.

2.4. Scoring and evaluation of biomarkers 
expression

The evaluation of TIMP3 protein expression of all OC 
was assessed and scored manually by two indepen-
dent expert molecular pathologists by using regular 
Nikon light microscope at ×40 magnification in 
a blind fashion to the clinicopathological parameters 
of patients. The intensity of staining and the fraction 
of positively stained cells were used to calculate the 
staining index score by the following formula:

I ¼ 0xf0þ 1xf1þ 2xf2þ 3xf3 

Where (I) is the staining index and (f0 to f3) are the 
fractions of the cells showing a level of staining inten-
sity (from 0 to +3) [23].

The staining was thereafter categorized into two 
groups: (1) low (no/weak) expression and (2) high 
(moderate/strong) expression.

2.5. Statistical analysis

Statistical analyses were performed using the SPSS® 
(IMB NY, USA) software packages (PASW Statistics for 
Windows, version 19). Frequency tables were analyzed 
using the Chi-square test to assess the significance of 
the correlations between the categorical variables. 
The disease-specific survival (DSS) and disease-free 
survival (DFS) were calculated as the time from diag-
nosis to death (due to disease) or to the date of last 
seen alive, and time from diagnosis to the appearance 
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of recurrent disease or date of last seen as disease 
free, respectively. In calculating DSS, patients died of 
other or unknown causes were censored. Univariate 
analysis for the survival outcomes such as DSS and 
DFS were based on Kaplan–Meier method, with log- 
rank (Mantel–Cox) comparison test. All tests with 
p-values <0.05 were considered as statistically 
significant.

3. Results

Our results showed that OC in Saudi population is 
more prevalent in younger females (age <50 years) 
than the older ones (age >50 years). Interestingly, 
most of our patients were obese (BMI > 26) which 
may increase the risk of OC (Table 1).

3.1. TIMP3 protein profiling in ovarian cancer

The expression of TIMP3 protein was mainly cytoplas-
mic (Figure 1). The frequencies of the expression pat-
terns of TIMP3 protein in 144 of OC samples evaluated 
by IHC technique revealed that: no expression (0) was 
observed in 2% of the analyzed cohort, weak expres-
sion (+1) in 16%, moderate expression (+2) in 33% 
and strong expression patterns (+3) in 49% of the 
cohort (Figure 1).

3.2. Correlation of IHC TIMP3 protein expression 
with clinico-pathological features

Our data showed that age, tumor size and the invol-
vement of lymph nodes had no significant associa-
tions with TIMP3 cytoplasmic protein expression 
patterns. However, a significant correlation of cyto-
plasmic TIMP3 protein expression patterns was 
observed with the tumor stage (p value = 0.05) and 
was borderline with the endpoint status (p value = 0.07) 
(Table 1).

3.3. Correlation Of IHC cytoplasmic TIMP3 
protein expression with survival outcomes

Kaplan–Meier survival analysis showed a significant 
correlation (p value = 0.02, log rank) between TIMP3 
expression levels and DSS. In that, patients with high 
TIMP3 protein expression lived significantly longer 
(longer DSS) compared with those with lower TIMP3 
expression (Figure 2). At 10 years follow-up period, 
78% of OC patients with lower expression of TIMP3 
protein were dead compared to only 50% of those 
with higher TIMP3 expression, indicating a favorable 
prognosis for patients with higher MMP3 expression.

However, there was no significant correlation 
(p value = 0.42, log rank) of DFS between patients 
with high TIMP3 protein expression and living with no 

recurrence as compared with those with low TIMP3 
expression (Figure 3).

3.4. Cox’s regaression statistical analysis

Multivariate Cox’s regression analysis suggests that 
low TIMP3 protein expression pattern is an indepen-
dent poor survival marker in relation to patient’s age, 
lymph node status, tumor grade, tumor stage and 
most importantly independent of the histological sub-
type of the tumor (Table 2).

4. Discussion

OC remains the deadliest gynecological cancer due 
to the lack of early detection and/or effective treat-
ments. Current OC management strategies based on 
clinical manifestations, such as age, tumor grade, 
lymph vascular invasion, lymph node involvement 
and tumor size are not enough to enhance recovery 
or minimize disease’s relapse. This context reflects 
the complexity of OC diseases and the multifactorial 
characteristics that made their management challen-
ging. As a result, laudable efforts have been made 
by the scientific community to demystify the OC 
molecular complexity using several high- 
throughput technologies developed in the post- 
genomics era. Since biomarkers are indicators that 
may reflect the biological processes of health and 
disease, they are often associated with clinical man-
ifestations and/or disease outcome. Consequently, 
the identification and evaluation of potential 
biomarker(s) involved in the OC onset, progression, 
metastasis and/or drug resistance is useful towards 
early diagnosis, prognosis and better OC manage-
ment [24,25].

Several biomarkers have been investigated during 
the last two decades including members of the MMPs 
and TIMPs protein families. Studies showed that TIMPs 
are involved in several cancer biological processes 
including ECM maintenance and drug sensitivity [26]. 
Moreover, TIMPs have also been studied for their 
potential role as prognostic biomarkers [27] and ther-
apeutic benefits for anticancer therapy [28]. In fact, 
TIMPs are multifunctional proteins that inhibit the 
proteolytic activity of MMPs, thus suppressing metas-
tasis [29]. Members of TIMP family include TIMP-1, −2, 
−3 and TIMP-4. The TIMP3 (24-kDa glycoprotein) 
located at 22q12.3, has been shown to play a tumor 
suppressor role by inhibiting tumor angiogenesis, 
invasion, and metastasis. It is the only member of 
TIMP family that can bind to the extracellular matrix 
tightly and seems to be a key player in metastasis 
regulation [30,31]. Therefore, TIMP3 could be a key 
biomarker associated to OC metastasis, which is 
a dynamic complex multistep process involving cell 
detachment, migration, and invasion, EMT, disruption 
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of tissue ECM movement, and establishment in dis-
tant location, cell proliferation and angiogenesis [32].

In the current study, we studied the TIMP3 protein 
expression in OC samples and evaluated its potential 
role as OC prognosticator.

It is well documented that the risk of OC is strongly 
related to age, which means that OC is highly preva-
lent in older females compared to younger ones [33]. 
Our results showed an early onset of OC in Saudi 
population (55% of cases aged less than <50 years). 
The Saudi Cancer Registry reported that most women 
diagnosed with OC were aged between 45 and 
59 years old [34] while in the UK, according to 
Cancer Research UK, over half (53%) of OC women 
were diagnosed at 65 or more [35]. Therefore, addi-
tional investigative studies are needed to gain 
insights into the intricate molecular events that pro-
mote early onset of OC in the Arabic peninsula. Our 
results showed also that tumor size and the involve-
ment of lymph nodes in OC had no significant rela-
tionship with the expression pattern of cytoplasmic 
TIMP3 protein. The endpoint status (survival vs death) 

correlated with TIMP3 expression in a borderline sig-
nificant (p value = 0.07) manner, while the stage of 
tumor was significantly associated with cytoplasmic 
TIMP3 expression in OC (p value = 0.05). The increased 
expression of TIMP3 at advanced OC stages may be to 
counterbalance the enhanced proteolytic activity of 
MMPs and therefore slow down/prevent OC progres-
sion of the disease. In line with our findings, Kornfeld 
et al. in 2011 reported that in squamous cell carci-
noma of the head and neck (HNSCC), TIMP3 mRNA 
expression levels did not associate with clinicopatho-
logical features in the tumor tissues, however there 
was a significant correlation between higher stages 
and increased TIMP3 mRNA expression (p value = 0.03) 
[36]. Similarly, Su et al. reported that higher TIMP3 
plasma levels in oral squamous cell carcinoma (OSCC) 
patients were significantly correlated with the tumor 
stage (p value = 0.009) and tumor invasion status 
(p value = 0.04) but not significant with the metasta-
sis, lymph node status and cell differentiation [37].

The Kaplan–Meier survival outcomes analysis of 
our OC cohort showed there was no significant 

Table 1. Correlation between cytoplasmic TIMP3 protein expression patterns and clinico-pathological features of OC.

Feature Number of cases (%)

IHC cytoplasmic TIMP3 protein expression 
pattern

P value0 (%) 1 (%)

Age

<50 65 (45%) 1 (2%) 64 (98%) 0.88
50 53 (37%) 1 (2%) 52 (98%)
Missing 26 (18%)

Subtype
Serous 56 (39%) 1 (2%) 55 (98%) 0.63
Mucinous 28 (19%) 0 (0%) 28 (100%)
Other types 31 (2%) 1 (3%) 30 (97%)
Missing 29 (20%)

Tumor Grade
Low grade (WD) 15 (10%) 0 (0%) 15 (100%) 0.11
Intermediate 19 (13%) 1 (5%) 18 (95%)
High grade (PD) 65 (46%) 0 (0%) 65 (100%)
Missing 45 (31%)

LN status
Negative 43 (30%) 1 (2%) 42 (98%) 0.51
Positive 18 (12%) 0 (0%) 18 (100%)
Missing 83 (58%)

BMI
<23 7 (5%) 0 (0%) 7 (100%) 0.80
23–26 28 (19%) 1 (4%) 27 (96%)
>26 54 (38%) 1 (2%) 53 (98%)
Missing 55 (38%)

Menopausal status
Pre-menopausal 65 (45%) 1 (2%) 64 (98%) 0.87
Post-menopausal 52 (36%) 1 (2%) 51 (98%)
Missing 27 (19%)

Tumor stage
Low stage (I, II) 38 (26%) 2 (5%) 36 (95%) 0.05
High stage (III, IV) 69 (48%) 0 (0%) 69 (100%)
Missing 37 (26%)

Endpoint status
Deceased 39 (27%) 2 (5%) 37 (95%) 0.07
Living 62 (43%) 0 (0%) 62 (100%)
Missing 43 (30%)

Recurrence status
None 54 (38%) 1 (2%) 53 (98%) 0.80
Yes 38 (26%) 1 (3%) 37 (97%)
Missing (1) 36%)
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correlation (p value = 0.42, log rank) in DFS between 
OC patients living with no recurrence despite a trend 
of higher recurrence in patients with higher cytoplas-
mic TIMP3 protein expression. However, we observed 

a significant correlation between high cytoplasmic 
TIMP3 protein expression in OC and DSS 
(p value = 0.02, log rank). This means that patients 
with higher cytoplasmic TIMP3 protein expression 
behave better and live longer than those with lower 
or negative cytoplasmic TIPM3. Multivariate Cox’s 
regression analysis suggests that low TIMP3 protein 
expression pattern is an independent poor survival 
marker in relation to other selected clinicopathologi-
cal features. Patients with tumor of low TIMP3 have 
20 times poor survival outcomes comparing to 
tumors with high TIMP3 expression pattern 
(p value = 0.025) . In line with these findings, 
Cymbaluk-Płoska et al. in 2018 showed that the high 
mean levels of TIMP3 proteins in OC patients’ serum 
correlate significantly with longer overall survival of 
patients [38]. Recent findings by Huang et al. (2019) 

Figure 1. Immunohistochemical staining of cytoplasmic TIMP3 at 40X magnification: (A) Negative cytoplasmic expression, (B) 
Weak expression, (C) Moderate cytoplasmic expression, (D) Strong cytoplasmic expression.

Figure 2. Cytoplasmic TIMP3 expression (0,1 vs 2,3) as deter-
minant of disease specific survival (DSS) in univariate 
(Kaplan–Meier) analysis (p = 0.02, log rank).

Figure 3. Cytoplasmic TIMP3 expression (0,1 vs 2,3) as deter-
minant of disease-free survival (DFS) in univariate (Kaplan– 
Meier) analysis. (p = 0.42, log rank).

Table 2. Cox’s regression analysis of the prognostic values of 
TIMP3 protein expression pattern, age at diagnosis, histolo-
gical subtypes, lymph node status, tumor stage and grade.

p-value
SE 

value
Relative 

risk 95% CI

TIMP3 protein 
expression

0.025 1.304 20 0.004– 
0.0688

Age at diagnosis 0.656 0.846 0.686 0.277– 
7.656

Histological subtypes 0.926 104.183 0 0.00–2.938
Lymph node status 0.936 0.710 0.944 0.263– 

4.261
Tumor state 0.906 196.809 0.805 0.00–4.150
Tumor grade 0.978 143.602 0.018 0.00–9.144
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indicated that reduced levels of TIMP3 is associated 
with poor prognosis in colorectal carcinoma. In agree-
ment with our data, the authors reported that 
patients with higher TIMP3 expression had longer 
recurrence periods. Also, Escalona et al., in 2018 pro-
posed a model of TIMP-based therapy, they were 
suggesting that TIMPs (TIMP-1, -2, -3) may suppress 
the small residual tumors (chemo-resistant cells) after 
the chemotherapy which could increase the survival 
of OC patients and serve as therapeutic approaches 
[19]. These results confirm our findings of a kind of 
TIMP3 protective (good prognosticator) effect against 
OC. TIMP3 unique properties and functions seems to 
be involved in several biological processes which 
involve promoter methylation of the TIMP3 gene, 
microRNA regulation and post-translational modifica-
tion [39–41]. It is even suggested to promote apop-
tosis in cervical and breast cancer [42]. In addition, 
TIMP3 has also been reported to inhibit several can-
cer-related processes including cell migration, inva-
sion and angiogenesis through direct interaction with 
endothelial vascular growth factor receptor-2 (VEGF- 
2) [43–45].Our study showed that cytoplasmic TIMP3 
protein expression could be used as a good prognos-
ticator of OC patients mainly those at advanced OC. 
However, further investigations are required using 
additional larger and multi-institutional cohorts to 
gain in-depth understanding of the TIMP3- 
dependent molecular events involved in cancer pro-
gression and to investigate further the OC early onset 
phenomenon in Saudi patients.
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