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Papillary thyroid carcinoma (PTC) comprises 80% of well-differentiated thyroid
carcinomas. PTC progression is determined by a variety of biological markers, some of which
are connected to the activities of Tumor-Associated Macrophage (TAM). TAM activity is difficult
to observe using simply traditional histology techniques. Matrix Metalloproteinase 9 (MMP-9) is
an important marker for identifying the development of PTC. However, no studies have linked
the expression of MMP-9 to intratumoral macrophages in PTC patients, demonstrating that these
macrophages are TAMs implicated in the development of PTC. Through MMP-9 expression
on intratumor macrophages, the objective of this work was to evaluate TAM's involvement
as a progression determinant of PTC. This cross-sectional study analyzed 40 samples, which
included 21 PTC patients with intratumor macrophages and 19 PTC instances without
intratumor macrophages. Medical records and paraffin blocks of the Biomedical Laboratory,
Faculty of Medicine and Healthcare, Warmadewa University were used to collect samples.
The proportion of MMP-9 expression in both groups' macrophages was then determined by
immunohistochemical labeling and evaluated using Chi-Square with a significance level (a) of
p<0.05. The results revealed a statistically significant difference in MMP-9 expression between
the PTC groups with and without intratumor macrophages, with p-value = 0.001 (p<0.05) and
OR = 11.9.
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Thyroid carcinoma is a malignant
endocrine tumor that originates in thyroid tissue.
The incidence of thyroid cancer has grown by 3.8%
annually across the globe. In 2008, the incidence of
thyroid cancer by age in the United States was 6.47
per 100,000 males and 19.39 per 100,000 women.!
Using data from Indonesian cancer registrations in
2015, thyroid carcinoma placed fifth behind breast,

cervical, skin, and rectal carcinomas. In contrast,
in the same year in Bali, thyroid carcinoma was
rated third, behind breast and cervical cancer, with
a relative incidence of 27 per 100.000 people.'?
In general, thyroid carcinomas are classed
as well-differentiated carcinomas, since 80% of
cases are papillary thyroid carcinomas (PTC)
and the remainder are follicular carcinomas (FC)
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(Gupta et al., 2012). Despite being categorized as
well-differentiated, PTC can develop, resulting
in organ growth and metastasis. Typically, lymph
nodes are the site of metastases in patients with
PTC. 5°

Many determinants factors of thyroid
carcinomas progression have been identified
in recent years, including PTC, as for clinical
features of the lesions (solitary/multiple, solid/
cystic consistency, thyroid function test results),
histological features (capsule and cell structure,
cell morphology, invasion to blood vessel)
and, in particular, immunohistochemistry
examinations, such as the expression of Matrix
Metalloproteinase-9 (MMP-9).

Current cancer research is beginning to
establish a connection between the involvement of
cells in the body’s defense system (immune/anti-
inflammatory cells) and the creation of a tumoral
microenvironment by cancer cells. These immune
cells include macrophages. On the basis of their
phenotype, macrophages/monocytes can be divided
into M1 and M2 subtypes.* Classically activated
macrophages by pro-inflammatory cytokines
such as interferon-g, interleukin [IL]-12 and [IL]-
23, react to both tumor cells and inflammation.
Tumor-Associated Macrophages (TAM) are a
component of the tumoral microenvironment
with leukocytes, fibroblasts, and endothelium that
influence the genesis, progression, and metastasis
of cancer.(5)TAM’s significance in the progression
of thyroid cancer, particularly PTC, has not
been well researched yet. Due to the inability of
standard histopathological evaluation to detect the
phenotype of M1 or M2 macrophages, it cannot
be determined whether macrophages observed
in patients with PTC are anticancer macrophages
or TAM.*S Previous research has revealed the
association between TAM and the advancement
of breast cancer.’

According to various previous research,
matrix metalloproteinase (MMP) is one of the
extracellular components whose proteolytic impact
contributes to the destruction of the extracellular
matrix (ECM).! MMP-9, a gelatinase group that
plays a significant role in the breakdown of collagen
IV, the primary component of the epithelial,
interstitial, and vascular basement membranes, is
the subject of special interest.’ In contrast to the
expression level in cancer situations, MMP-9 has
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amodest degree of basal expression.'® In addition,
MMP-9 influences neoplastic transformation
by initiating genetic instability, stimulating
angiogenesis, and promoting tumor growth. (11)
This demonstrates the significance of MMP-9 in
the invasion and metastasis processes, allowing it
to serve as an indicator of tumor aggressiveness.'?
MMP-9 expression is reportedly high in PTC
since its expression is substantially connected with
stage, tumor size, lymph node metastases, and PTC
aggressiveness.>!>!

However, no studies have linked
the expression of MMP-9 to intratumoral
macrophages in PTC patients, demonstrating that
these macrophages are TAMs implicated in the
development of PTC. This study was conducted
to demonstrate the function of intratumor
macrophages in PTC, since TAM is engaged in
the development of PTC via the production of
MMP-9 in macrophage cytoplasm and cytosol.

MATERIAL AND METHODS

This study was done in the Biomedical
Laboratory of the Faculty of Medicine and Health
Sciences at Warmadewa University using a cut-
out observational analytical approach from April
through November 2019. The research sample
consists of all paraffin block archives of patients
with an ID card diagnosis stored in the Biomedical
Laboratory of the Faculty of Medicine and Health
Sciences at Warmadewa University that meets the
researcher’s inclusion and exclusion criteria, as
calculated by the following formula:

n= {Z 1-g :"JEP(IHPJ_ Z ].g\'P[(]*P[)‘P:(l‘P:)}E
(P1-P2)

Zo = Z value for a value (o = 0.05, Za.=1.96)
7 =Z value for power (1-) (3 =0.10,Z =1.28)
n = Sample size
P1 = PTC with positive MMP-9 expression (0,6)
(Marecko, 2014)
P2= PTC with negative MMP-9 espression (0,2)
(marecko, 2014)

The minimal sample size based on
this calculation is 38.95, rounded to 39. In this
investigation, forty samples were split into 21
groups of PTC with intratumor macrophages and
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19 groups of PTC without intratumor macrophages.

In addition, a Chi-Square test was used to
determine the proportion of MMP-9 expression in
each sample. The significance test was judged to
be significant at p<0.05. The accuracy of the data
is assessed by a 95% Confident Interval (CI).

RESULTS AND DISCUSSION

In this study, patients ranged in age from
25 to 84 years old, with a mean age of 44.50+
1.64 years. The majority of patients were between
the ages of 40 and 49 (25%), with the largest
concentration of cases occurring between the
ages of 30 and 59 (more than 50% of cases).? This
conclusion differs slightly from the WHO report,
which claims that PTC often develops between
the ages of 20 and 50.(14) The higher frequency
of PTC in individuals aged 30-59 years in this
research may be attributable to goiter as a risk
factor for the disease in Bali, which differs from
radiation risks seen in the West. In the case of
PTC, which is triggered by benign goiter lesions,

Table 1. Research Sample Characteristic (n=40)

Characteristic Mean + n(%)
Standard
Deviation
Age (vears) 44.50+1.64
20-29 7 (17.5%)
30-39 9 (22.5%)
40-49 10 (25.0%)
50-59 7 (17.5%)
60-69 3 (7.5%)
70-79 2 (5.0%)
80-89 2 (5.0%)
Sex
Female 24 (60%)
Male 16 (40%)
PTC Groups
1. PTC with Intratumor 21 (52.5%)
Machrophage

2. PTC without
Intratumor Machrophage

19 (47.5%)
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malignant transformation will take longer to
occur. Additionally, the accumulation of somatic
mutations throughout the aging process enhances
malignant transformation at an advanced age.'
In addition, in Indonesia, especially Bali, early
diagnosis of thyroid nodules/enlargement is
relatively uncommon, therefore patients often get
the test when the nodule is large and at an advanced
age.

In 21 instances of TPC with intratumor
macrophages, the mean age was 54.511.71,
whereas in 19 cases of PTC without intratumor
macrophages, the mean age was 39.51.44. Thus,
the PTC group with intratumor macrophages had
a higher mean age than the PTC group without
intratumor macrophages. According to prior
research, the aging process is intimately linked
to the formation of tumor microenvironments,
including tumor-induced inflammatory cells such
as intratumor macrophage. During the aging
process, there was an accumulation of genetic and
epigenetic changes, accumulation of free radicals
due to oxidative stress, and progressive damage of
DNA repair mechanisms, cell cycle control, and
stem cell renewal, all of which have had an impact
on the formation of inflammatory cells, including
the M2 phenotype macrophages, which have more
pro- than anti-tumor activities. In elderly, some
study also found there was an increase in IL-10
macrophage that reveals higher polarization M2
activity!'>'6

Table 2. Difference in MMP-9 Expression Proportion
between PTC with Intratumor Macrophages and PTC
Without Intratumor Macrophages

Group Number Percentage p Value
(n) (%)

Intratumor Macrophage 17 81% 0,001

PTC (+)

Intratumor Macrophage 5 26.3%

PTC (-)

Table 3. Fisher’s Analysis Positive MMP-9 Expression in Intratumoral Macrophage

PTC P

OR 95% CI P

Intratumor Macrophage (+) 0,001

11.9 2.674-52.959 92%
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Chi-square analysis revealed that
the expression of MMP-9 macrophages was
substantially different in the PTC group with
intratumor macrophages compared to the PTC
group without intratumor macrophages, p=0.001
(p<0.05). In the PTC group with intratumor
macrophages, the proportion of MMP-9-positive
macrophages was 81%, compared to 26.3% in the
PTC group without intratumor macrophages, or a
ratio of 4: 1.5.

This study showed that PTC intratumor
macrophages have similar activity to M2
macrophages, which are engaged in PTC growth
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and invading capability via MMP-9 production.
Other investigations have also demonstrated that
macrophages in the tumor’s stroma, capsule,
and perivascular regions express MMP-9. 1417
This relates to the hypothesis that in the early
and late stages of cancer, the tumor is able to
transform proinflammatory agents, such as
macrophages, into agents that promote the tumor
microenvironment.>'3!* This work has demonstrated
that the considerable presence of MMP-9 expression
in intratumor macrophages of PTC may enhance
angiogenesis and neovascularization as well as
stromal activation and remolding, consequently

A. Negative MMP-9 Expression on Macrophage outside the tumor

B. MMP-9 Expression in Intratumor Macrophage

Fig. 1. MMP-9 Expression on Macrophage (Magnification 400x)
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influencing the development and metastasis of
PTC.IX—ZO

Fisher’s exact test revealed a strong
correlation (p = 0.001) between the presence
of intratumor macrophages and the presence
of positive MMP-9 staining on macrophages.
Macrophages within the tumor were 12 times
more likely to have positive MMP-9 staining in
the cytoplasm than macrophages outside the tumor.
This demonstrates that the presence of intratumor
macrophages correlates with tumor invasion and
development.

Through the observation of significant
MMP-9 expression in PTC intratumor
macrophages, it has been demonstrated that
intratumor macrophages in PTC have a 92%
probability/tendency of expressing MMP-9, which
suggests that intratumor macrophages will exhibit
the M2 phenotype, which is a Tumor Associated
Macrophage (TAM). This conclusion corroborates
the findings of a prior study that implicated TAM
in the development of PTC, particularly in terms of
its potential to invade and metastasis via the lymph
node route.'®

Numerous variables may affect the
propensity of intratumor PTC macrophages to
have a TAM phenotype, including as the presence
of tumor cells and tumor microenvironments that
stimulate activation and reprogramming/change
of macrophage phenotype to M2 direction or
become TAM. PTC is characterized by many
genetic molecular alterations that serve as initial
and additional initiators for oncogenic activation,
hence enhancing invasion and metastasis,
which are hallmarks of carcinogenesis. These
genetic molecular alterations may influence the
reprogramming and polarization of intratumor
macrophages toward TAM, including the PAXS-
PPARg and the activation of the JUN Activated
Kinase (JAK) pathway, which activates Signal
Transducer and Activator of Transcription
(STAT).>?

This mechanism induces macrophage
recruitment via MMP-9, wherein these macrophages
are first drawn to the surface of endothelial cells
and subsequently activated, allowing them to
manufacture TIMP-independent MMP-9. In
addition to releasing angiogenic components held
in the extracellular matrix, the activation of MMP-
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9 generated by these macrophages facilitates the
intravasation and dissemination of tumor cells.>¢

CONCLUSION

Expression of MMP-9 differed
significantly between PTC with intratumor
macrophages and PTC without intratumor
macrophages. Positive expression of MMP-
9 in intratumor macrophages indicates that
intratumor macrophages of PTC exhibit activities
consistent with the M2 phenotype (TAM),
which unquestionably influences the course of
PTC, particularly by enhancing its propensity
to penetrate and metastasis. Therefore, in the
histopathological reporting of PTC cases, it can
be considered to include the findings of intratumor
macrophages, as they have clinical implications as
predictive biologic markers for the progression of
PTC, which will influence decisions regarding the
most appropriate therapy for patients.
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