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RINGKASAN

PERBEDAAN DAN MEKANISME RESPONS BAIK DAN BURUK
TERHADAP KEMORADIASI PADA KARSINOMA NASOFARING
MELALUI ANALISIS HIF-1a, CD133, SOD, HSP70, DAN APOPTOSIS
PADA JARINGAN BIOPSI

Karsinoma nasofaring (KNF) merupakan tumor ganas yang sering
dijumpai di wilayah Asia Tenggara, termasuk di Indonesia. Jenis KNF yang
tersering adalah non keratinizing squamous cell carcinoma, undifferentiated sub-
type. Sebagian besar KNF sensitif terhadap kemoradiasi, yang ditandai dengan
tidak ada sel tumor pada biopsi sesudah kemoradiasi, tetapi terdapat penderita
KNF dengan respons buruk dimana masih didapatkan sel tumor yang viable
sesudah kemoradiasi. Jalur molekuler yang berperan menimbulkan perbedaan
respons kemoradiasi pada KNF hingga saat ini belum diketahui dengan jelas.

Tumor ganas padat sering berada dalam kondisi kekurangan oksigen. Pada
kondisi hipoksia, hypoxia inducible factor-1o. (HIF-1a), suatu faktor transkripsi
pengikat DNA, tidak didegradasi dan berperan mengaktifkan serangkaian gen
termasuk promotor cluster differentiation 133 (CD133), yaitu suatu penanda sel
punca kanker, yang mengarah pada penghambatan apoptosis. Superoxide
dismutase (SOD), suatu metalloenzyme yang berperan menurunkan reactive
oxygen species, dan heat shock protein 70 (HSP70) suatu pendamping molekuler
yang berperan dalam pelipatan protein, keduanya bertindak sebagai pelindung sel
terhadap berbagai jejas antara lain terhadap agen radiasi dan kemoterapi. Seluruh
biomarker tersebut diduga dapat menghambat apoptosis sel tumor, sehingga sel
tumor tetap survive dan mempengaruhi respons kemoradiasi.

Penelitian ini bertujuan untuk menjelaskan perbedaan dan mekanisme
antara respons baik dan buruk terhadap kemoradiasi pada KNF dengan cara
mempelajari perbedaan ekspresi biomarker HIF-1a, CD133, SOD, HSP70 dan sel
survive sebelum dan sesudah kemoradiasi.

Penelitian ini merupakan studi observasional analitik yang dilakukan pada
sampel blok parafin jaringan biopsi penderita KNF dengan diagnosis awal non-
keratinizing squamous cell carcinoma undifferentiated sub type di Unit Patologi
Anatomi RSUD Dr. Soetomo periode Januari 2014 — Desember 2019. Jumlah
sampel penelitian adalah 34 pasang, sebelum dan sesudah terapi, terdiri dari 18
pasang respons baik dan 16 pasang respons buruk. Sampel jaringan diperoleh dari
penderita KNF stasium lanjut yang mendapat terapi radiasi eksternal 70 Gy serta
mendapat regimen kemoterapi berupa platinum based dan regimen lain. Ekspresi
HIF-1a, CD133, SOD dan HSP70 dievaluasi melalui pewarnaan imunohistokimia,
sedangkan sel survive dievaluasi berdasarkan sel yang tidak terwarnai dengan
metode terminal deoxynucleoidyl transferase dUTP nick end labelling assay. Data
yang diperoleh dilakukan analisis bivariate komparasi untuk menentukan
perbedaan antara respons baik dan respons buruk, sebelum dan sesudah
kemoradiasi. Analisis menggunakan Uji T 2 sampel bebas bila distribusi data
normal dan homogen, apabila data tidak normal menggunakan Uji Mann Whitney.
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Hasil data perubahan sebelum dan sesudah kemoradiasi dilakukan analisis jalur
menggunakan Smart PLS3.

Hasil uji Mann Whitney menunjukkan terdapat perbedaan signifikan
ekspresi HIF-1a sebelum kemoradiasi pada respons baik dan buruk dengan nilai
p= 0,002, dan terdapat perbedaan signifikan ekspresi HIF-1a sesudah kemoradiasi
pada respons baik dan buruk dengan nilai p= 0,001. Hasil uji T2 sampel bebas
menunjukkan perbedaan yang signifikan perubahan ekspresi HIF-1a sebelum dan
sesudah kemoradiasi pada respons baik dan buruk dengan nilai p= 0,001.
Mayoritas tumor padat dalam kondisi hipoksia. Sel tumor dalam melawan kondisi
hipoksia tersebut dengan cara mendelegasikan kepada HIFla untuk mengatur
berbagai fungsi dengan tujuan melakukan adaptasi terhadap kondisi hipoksia.
Cyclin D1, p21 dan p27 merupakan gen target dari HIF-la yang dapat
memodifikasi siklus perkembangan sel tumor. Hypoxia inducible factor-1a
mampu menimbulkan radioresisten sel kanker melalui berbagai cara yaitu melalui
jalur metabolisme glukosa, melalui jalur epithelial-mesenchymal transitional
(EMT), serta pengendalian siklus sel dan autofagi. Hypoxia inducible factor-1o.
mampu mengatur peningkatan protein anti apoptosis yaitu Bcl-XL dan Bcl-2, dan
menurunkan protein yang berperan dalam apoptosis yaitu Bak dan Bax, sehingga
efek sitotoksik kemoterapi melemah. Akumulasi HIF-1o mampu meningkatkan
gen proangiogenic termasuk VEGF, sehingga menghasilkan pembuluh darah
yang tidak sempurna. Hal tersebut menyebabkan gangguan aliran obat sehingga
menurunkan efek kemoterapi.

Hasil uji Mann Whitney menunjukkan terdapat perbedaan signifikan
ekspresi CD133 sebelum kemoradiasi pada respons baik dan buruk dengan nilai
p= 0,046, terdapat perbedaan yang signifikan ekspresi CD133 sesudah
kemoradiasi pada respons baik dan buruk dengan nilai p= 0,001 dan terdapat
perbedaan yang signifikan perubahan ekspresi CD133 sebelum dan sesudah
kemoradiasi pada respons baik dan buruk dengan nilai p= 0,001. Literatur
menyebutkan bahwa CD133 berkorelasi dengan tingkat diferensiasi, stadium,
metastasis jauh, disease free interval serta overall survival yang buruk pada
keganasan berbagai organ. Hal tersebut antara lain karena CD133 dapat
mengaktivasi Wnt/ B catenin yang selanjutnya berinteraksi dengan faktor
transkripsi sehingga mempercepat pertumbuhan sel kanker. CD133 juga mampu
mempromosi jalur sinyal PI3K-Akt, sehingga mendorong pertumbuhan sel tumor
dan menghambat apoptosis. Paparan radiasi juga dapat meningkatkan stemness sel
tumor, antara lain akibat radiasi menimbulkan instabilitas gen dan juga
mempromosikan jalur EMT.

Hasil uji T2 sampel bebas menunjukkan terdapat perbedaan yang
signifikan ekspresi SOD sebelum kemoradiasi pada respons baik dan buruk
dengan nilai p= 0,002. Hasil penelitian ini menunjukkan bahwa SOD sebelum
kemoradiasi pada KNF respons baik lebih tinggi dibandingkan KNF respons
buruk. Hal tersebut karena tumor mengalami hipoksia sehingga mengaktifkan
HIF-1o yang mampu menurunkan tingkat c-Myc, sehingga menekan biogenesis
mitokondria dan respirasi. Hal tersebut menghalangi produksi ROS, sehingga
dihasilkan SOD yang rendah pula. Hasil uji Mann Withney menunjukkan terdapat
perbedaan yang signifikan ekspresi SOD sesudah kemoradiasi pada respons baik
dan buruk dengan nilai p= 0,001. Hasil uji T2 sampel bebas menunjukkan terdapat
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perbedaan yang signifikan perubahan ekspresi SOD sebelum dan sesudah
kemoradiasi pada respons baik dan buruk dengan nilai p= 0,001. Hal tersebut
menunjukkan bahwa kemoradiasi berperan menimbulkan kematian sel tumor.
Namun pada tumor dengan ekspresi SOD tinggi mampu mengkatalisis dismutase
dari superoksida radikal bebas anion menjadi oksigen dan hydrogen peroksida
sehingga mencegah kematian sel tumor.

Hasil uji T2 sampel bebas menunjukkan terdapat perbedaan yang
signifikan ekspresi HSP70 sebelum kemoradiasi pada respons baik dan buruk
dengan nilai p= 0,046. Hasil uji Mann Whitney menunjukkan terdapat perbedaan
yang signifikan ekspresi HSP70 sesudah kemoradiasi pada respons baik dan buruk
dengan nilai p= 0,001, dan terdapat perbedaan yang signifikan perubahan ekspresi
HSP70 sebelum dan sesudah kemoradiasi pada respons baik dan buruk dengan
nilai p= 0,001. HSP70 merupakan molekul pendamping yang berperan dalam
pengaturan pelipatan protein, mampu mencegah degradasi protein dan
memastikan tercapainya stabilisasi fungsional berbagai protein di dalam sel yang
berada dalam kondisi tertekan, misalnya pada pertumbuhan kanker sehingga
dalam penelitian ini ekspresi HSP70 lebih tinggi ditemukan pada KNF respons
buruk. HSP70 berperan sebagai protein anti-apoptosis baik pada jalur intrinsik
maupun jalur ekstrinsik.

Hasil uji Mann Whitney dalam penelitian ini menunjukkan tidak terdapat
perbedaan yang signifikan persentase sel tumor yang survive sebelum kemoradiasi
pada respons baik dan buruk dengan nilai p= 0,088. Hal itu karena kedua
kelompok tersebut belum mendapat induksi radiasi maupun kemoterapi. Hasil uji
Mann Whitney menunjukkan terdapat perbedaan yang signifikan persentase sel
tumor yang survive sesudah kemoradiasi pada respons baik dan buruk dengan
nilai p= 0,001, serta terdapat perbedaan yang signifikan perubahan persentase sel
tumor yang survive sebelum dan sesudah kemoradiasi pada respons baik dan
buruk dengan nilai p= 0,001. Hal tersebut menunjukkan bahwa pada KNF respons
baik, pemberian kemoradiasi bermanfaat menimbulkan kematian sel tumor.
Sedangkan pada KNF respons buruk yang bersifat progresif, sering mengandung
sel tumor dengan mutasi p53, sehingga kehilangan fungsi sebagai gen penekan
tumor. Hal tersebut mengarah pada kelangsungan hidup sel tumor, hambatan
apoptosis dan menimbulkan respons kemoradiasi yang buruk.

Hasil analisis jalur menunjukkan bahwa terdapat pengaruh signifikan HIF-
la terhadap CD133 dengan p= 0,001, namun tidak terdapat pengaruh signifikan
CD133 terhadap sel survive dengan p= 0,972. Hal tersebut karena modulasi
CD133 dipengaruhi oleh kondisi hipoksia dan disfungsi mitokondria. Hipoksia
menyebabkan aktivasi promotor CD133 oleh HIF-1a. Aktivitas CD133 tergantung
pada aktivasi dari promotor-promotornya, antara lain oleh OCT4, SOX2 dan
Notchl, selain oleh HIF-a-1. Aktivasi CD133 juga dipengaruhi oleh fosforilasi
tyrosine 828 pada c terminal domain. Terdapat pengaruh signifikan SOD dan
HSP70 terhadap sel survive dengan p= 0,047 dan p= 0,001, serta terdapat
pengaruh signifikan sel survive terhadap respons kemoradiasi dengan p= 0,001.

Penelitian ini menjelaskan terdapat perbedaan yang signifikan perubahan
ekspresi HIF-1a, CD133, SOD, HSP70 dan sel survive sebelum dan sesudah
kemoradiasi pada KNF respons baik dan respons buruk. Mekanisme respons
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kemoradiasi pada KNF ditentukan oleh jalur SOD, HSP70 dan sel survive, dimana
pada respons buruk terjadi peningkatan HSP70, SOD dan sel survive.
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SUMMARY

THE DIFFERENCES AND MECHANISMS OF GOOD AND POOR
CHEMORADIATION RESPONSSES OF NASOPHARYNGEAL
CARCINOMA THROUGH ANALYSIS OF HIF-1a, CD133, SOD, HSP70,
AND APOPTOSIS IN TISSUE BIOPSIES

Nasopharyngeal carcinoma (NPC) is a common malignant tumor found in
Southeast Asia, including Indonesia. Non keratinizing squamous cell carcinoma
undifferentiated sub-type, however, is more commonly encountered in Dr.
Soetomo Hospital. Although the majority of NPC are sensitive to chemoradiation,
characterized by the absence of tumor cells on follow-up biopsies, there is a
significant poor response that is still present in viable tumor cells after
chemoradiation. Unfortunately, the molecular pathway that causes differences in
the chemoradiation response in NPC is not yet clearly understood.

Oxygen deprivation is common in malignant solid tumors. Under hypoxia,
hypoxia-inducible factors la (HIF-la), DNA binding transcription factors are
undegraded and act as an activator to a series of genes including promoter of
cluster differentiation 133 (CD133), a cancer stem cells marker which leads to
inhibition of apoptosis. Superoxide dismutase (SOD), a metalloenzyme that plays
a role in reducing reactive oxygen species, and heat shock protein 70 (HSP70), a
molecular chaperone that plays a role in protein folding, both of which act as
cytoprotector against various types of injury, including radiation and
chemotherapy agents. All of these biomarkers are thought to be able to inhibit
apoptosis, leading cells to survive and they also affect the chemoradiation
response.

The study aims is to elucidate the differences and mechanism of good and
poor chemoradiation responses of NPC by studying the differences in the
expressions of HIF-1a, CD133, SOD, HSP70, and cell survival before and after
chemoradiation.

This research is an analytic observational study conducted on formalin-
fixed paraffin embedded archives of tissue biopsy of NPC patients with an initial
diagnosis of non-keratinizing squamous cell carcinoma undifferentiated sub-type
in the Anatomical Pathology Unit of Dr. Soetomo General Hospital period
January 2014 — December 2019. Samples are 34 pairs of pre and post-
chemoradiation, composed of 18 pairs of good responses and 16 pairs of poor
responses. Tissue samples were obtained from patients who received 70 Gy
external  radiation and  combined  platinum-based  chemotherapy.
Immunohistochemistry stain was performed to evaluate expressions of HIF-1a,
CD133, SOD, and HSP70, while cell survivals were evaluated by TUNEL assay.
The data were tested by comparative bivariate analysis to determine the difference
between good and poor responses, before and after chemoradiation. Analysis
using t-test 2-sample was chosen if the data distribution was normal and
homogeneous. If the data had non-normal distribution, analysis using the Mann
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Whitney Test was chosen. The results of delta before and after chemoradiation
data were carried out by path analysis using Smart PLS3.

Mann Whitney result showed that there were significant differences in
expressions of HIF-la before chemoradiation in good and poor response p=
0,002, after chemoradiation in good and poor response (p= 0,001), delta before
and after chemoradiation in good and poor response (p= 0,001). The majority of
solid tumors are hypoxic. Tumor cells fight hypoxic conditions by delegating to
HIF1la to regulate various functions to adapt to hypoxic conditions. HIF 1 is a
transcription factor that induces a series of genes. Cyclin D1, p21, and p27 are the
target genes of HIF-1a that can modify the cell cycle of tumor growth. HIF-1a is
able to cause radioresistance through various ways including through glucose
metabolism pathways, the epithelial-mesenchymal transitional pathway, as well as
cell cycle control and autophagy. HIF-1a is able to regulate the increase in anti-
apoptotic proteins such as Bcl-XL and Bcl-2, and decrease proteins that play a
role in apoptosis such as Bak and Bax, thereby weakening the cytotoxic effect of
chemotherapy. HIF-la was able to upregulate the increase in anti-apoptotic
proteins such as Bcl-XL and Bcel-2, and block proteins that play a role in apoptosis
such as Bak and Bax, leading to a weakened cytotoxic effect of chemotherapy.
HIF-1a accumulation is able to increase proangiogenic genes including VEGF,
resulting in imperfect blood vessels. This causes disruption of drug flow thereby
reducing the effect of chemotherapy.

The result of Mann Withney tests showed there were significant
differences in expression of CD133 before chemoradiation in good and poor
response (p= 0,046), after chemoradiation in good and poor response (p= 0,001),
delta before and after chemoradiation in good and poor response (p= 0,001). The
literature states that CD133 is correlated with the level of differentiation, stage,
distant metastases, disease free interval, and poor overall survival in malignancies
of various organs. This is because CD133 can activate Wnt/p} catenin which then
interacts with transcription factors thereby accelerating the growth of cancer cells.
CD133 is capable of promoting the PI3K-Akt signaling pathway, leading to
promote tumor cell growth and inhibit apoptosis. Radiation exposure can also
increase tumor cell stemness, through radiation causing gene instability and
promoting the EMT pathway

The result of t-test 2 sample showed that there were significant differences
in expression of SOD before chemoradiation in good and poor response (p=
0,002). The results of this study showed that the SOD before chemoradiation in
NPC good response was higher than in NPC poor response. This is because the
tumor is hypoxic, so it activates HIF-1a which can reduce c-Myc levels, thereby
suppressing mitochondrial biogenesis and respiration. This prevents the
production of ROS, resulting in low SOD as well. The result of Mann Whitney
tests showed that there were significant differences in expression of SOD after
chemoradiation in good and poor response (p= 0,001) and delta before and after
chemoradiation in good and poor response (p= 0,001). This indicates that
chemoradiation plays a role in causing tumor cell death. However, tumors with
high SOD expression were able to catalyze the dismutase of superoxide anion free
radicals into oxygen and hydrogen peroxidase, thereby preventing tumor cell
death.
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The result of t-tests 2-sample showed that there were significant
differences in expression of HSP70 before chemoradiation in good and poor
response (p= 0,044), after chemoradiation in good and poor response (p= 0,001),
delta before and after chemoradiation in good and poor response (p= 0,001).
HSP70, a chaperone molecule that plays a role in regulating protein folding, is
able to prevent protein degradation and ensure the achievement of functional
stabilization of various proteins in cells under stress conditions, for example in
cancer growth. HSP70 acts as an anti-apoptotic protein in both the intrinsic and
extrinsic pathways.

The result of Mann Whitney tests showed that there was no significant
difference of apoptosis which was evaluated from cell tumor survival before
chemoradiation in good and poor response (p= 0,088). This was because the two
groups had not received radiation induction or chemotherapy. But there were
significant differences after chemoradiation in good and poor response (p= 0,001),
and delta before and after chemoradiation in good and poor response (p= 0,001).
This shows that chemoradiation is beneficial in causing tumor cell death, resulting
in a good NPC response. Whereas in NPC poor response, a progressive tumor, is
often containing tumor cells with p53 mutations, thus they lose their function as
tumor suppressor genes. This leads to tumor cell survival, inhibits apoptosis, and
causes a poor response.

The result of path analysis showed that there was a significant effect of
HIF-1a on CD133 (p= 0,001), but there was no significant effect of CD133 on
apoptosis (p=0,972). This is because CD133 modulation is influenced by hypoxia
and mitochondrial dysfunction. Hypoxia leads to activation of the CD133
promoter by HIF-1a. CD133 activity depends on the activation of its promoters,
namely OCT4, SOX2 Notchl, in addition to HIF-a-1. CD133 activation is also
affected by phosphorylation of tyrosine 828 in the c-terminal domain. There were
significant effects of SOD and HSP70 on cell survival (p= 0,047 and p= 0,001),
and there was a significant effect of cell survival on chemoradiation responses (p=
0,001).

In this study, it was proven that there were significant differences in
expressions among HIF-1a, CD133, SOD, HSP70, and cell survival delta before
and after chemoradiation in good and poor responses of NPC. The mechanisms of
chemoradiation responses in NPC are determined by SOD, HSP70, and cell
survival, which in poor responses showed increases in expressions of SOD,
HSP70, and cell survival.
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ABSTRACT

THE DIFFERENCES AND MECHANISMS OF GOOD AND POOR
CHEMORADIATION RESPONSES OF NASOPHARYNGEAL
CARCINOMA THROUGH ANALYSIS OF HIF-1a, CD133, SOD, HSP70,
AND APOPTOSIS IN TISSUE BIOPSIES

Background: Nasopharyngeal carcinoma (NPC) is commonly sensitive to
chemoradiation, but it has a significant poor response. In addition, the molecular
pathway in the chemoradiation responses in NPC is not yet clearly understood.

Objective: To elucidate the differences and mechanism of good and poor
chemoradiation responses of NPC by studying the expression of HIF-1a, CD133,
SOD, HSP70, and cell survival.

Methods: This study was conducted on FFPE tissue biopsy of non-keratinizing
squamous cell carcinoma undifferentiated sub-type of NPC patients in Dr.
Soetomo Hospital period 2014 — 2019. Samples are 34 pairs of pre and post-
chemoradiation, composed of 18 pairs of good and 16 pairs of poor responses. All
patients received 70 Gy external radiation and combined platinum-based
chemotherapy. Immunohistochemistry was performed to evaluate HIF-1o,
CD133, SOD and HSP70, while cell survivals were evaluated by TUNEL assay.
The data were tested by comparative bivariate and path analysis.

Result: There were significant differences in the delta expression of HIF-1a,
CD133, SOD, HSP70, and cell survival before and after chemotherapy in good
and poor responses, each of which has a p-value of 0,001. There was a significant
effect of HIF-1a on CD133 (p-value 0,001), but no of CD133 on cell survival (p-
value 0,972). There were significant effects of SOD and HSP70 on cell survival
(p-value of 0,047 and 0,001), and of cell survival on chemoradiation response (p-
value of 0,001).

Conclusion: There were significant differences in the delta expressions among
HIF-1a, CD133, SOD, HSP70, and cell survival in good and poor chemoradiation
responses of NPC. The mechanisms of chemoradiation responses in NPC are
determined by SOD, HSP70, and cell survival, in which poor response showed
increased expressions of SOD, HSP70, and cell survival.

Keyword: Nasopharyngeal carcinoma, chemoradiation, and chemoradiation
response.
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