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Abstract. The RET/RAS/RAF/MEK/ERK (extracellular signal-regulated kinase) pathway is an evolutionarily conserved, highly 
specific three-tiered kinase cascade that regulates the expression of genes controlling cell proliferation, angiogenesis, growth, 
survival, and migration. Aberrant activation of ERK signalling has been identified in various cancers as a result of genetic and 
epigenetic alterations, making components of this pathway as attractive therapeutic targets. Granulocyte colony-stimulating 
factor (G-CSF) is a hematopoietic growth factor that stimulates leukocyte production in the bone marrow. In addition to its 
physiological role, G-CSF has been shown to be overexpressed in tumors, where it can promote angiogenesis and tumor 
growth. The aim: to investigate the expression of G-CSF and activated ERK1/2 in thyroid carcinomas and their metastases (Mts). 
Material and methods. Postoperative tumor tissue samples, Mts and conditionally normal (CN) tissue, obtained from the 
surgical department of the Institute's clinic, were used for the studies. Patients with papillary thyroid carcinoma (PTC), medullary 
thyroid carcinoma (MTC) and multinodular goiter (MNG) participated in the study. Blood plasma and mononuclear cell samples 
were also studied. The amount of G-CSF and рERK1/2 was determined using ELISA kits. Results. Significant differences in 
G-CSF and pERK1/2 levels were observed between CN tissue, MNG, and tumor tissues from patients with PTC/MTC. Phospho-
ERK1/2 levels in plasma and blood cells of PTC and MTC patients showed a significant excess of the kinase in patients with Mts, 
compared with those without Mts. Conclusions. An increased concentration of activated ERK in both tumor tissue and blood 
may serve as a potential marker of Mts in thyroid carcinomas. Of particular clinical significance is the marked deviation of this 
indicator from normal levels in plasma and blood cells, suggesting its usefulness for preoperative prognostic assessment. G-CSF 
levels may also reflect malignant transformation and metastatic progression in PTC. Given its role in promoting tumor growth 
and angiogenesis, G-CSF may be a promising tumor marker and a potential therapeutic target in thyroid cancer.
Keywords: activated extracellular signal-regulated kinase, granulocyte colony-stimulating factor, papillary thyroid carcinoma, 
medullary thyroid carcinoma, metastases.
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The Ret/Ras/Raf/MEK/ERK pathway is an 
evolutionarily conserved highly specific three-lev‑
el kinase pathway that transduces growth signals 
from cell membrane receptors to transcription 

factors. It regulates the expression of genes that 
control important cellular processes: proliferation, 
angiogenesis, cell growth, survival, and cell migra‑
tion. Aberrant activation of MAPK signalling is 
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further diagnostic and scientific studies of their bi‑
omaterials.

Postoperative samples of tumor tissue, Mts and 
CN (non-tumor, histologically unchanged tissue) 
obtained from the Surgical Department of the  
SI «V.P. Komisarenko Institute of Endocrinology 
and Metabolism of the NAMS of Ukraine» were 
used for the studies (88 specimens in total). Pa‑
tients with PTC, MTC and MNG participated in 
the study. Also were studied blood mononuclear 
cell samples. Blood was obtained by standard ven‑
ipuncture and stored in EDTA-coated tubes. Plas‑
ma was separated by centrifugation for 10 minutes 
after blood collection. Control blood samples were 
taken from healthy individuals without thyroid 
and other chronic diseases. The blood mononu‑
clear cell were collected using Histopaque 1077 
(Sigma, USA) [12]. The concentration of protein 
in cell and tissue lysates was determined according 
to Bradford [13]. Samples were stored at -80 °C 
until use. The amount of G-CSF was determined 
using EH0149 (FineTest, China) and рERK1/2 –  
E-EL-H1698 (Elabscience, USA) ELISA kits. 
Measurements were performed at an optical wave‑
length of 450/630 nm using a Stat Fax 3200 ELISA 
plate analyzer (Awareness Technology, USA).

Statistical analysis and data presentation were 
performed using Origin 2019b software. The re‑
sults of the study are presented as M±SE. Student’s 
t-test and nonparametric methods were used to 
compare data groups. Values ​​of p≤0.05 were con‑
sidered significant.

Results and discussion

1. Determination of activated pERK1/2 level in 
thyroid carcinomas and benign neoplasms.

Patients with MTC, MTC+Mts, PTC, PTC+Mts, 
and patients with MNG  participated in the study. 
The average age of the patients was 51.5±0.9 years.

The data obtained indicate that the level of acti‑
vated pERK1/2 in the tumor tissue of MTC with‑
out Mts does not differ from the CN thyroid tissue 
(Table 1. Groups 1 and 2, Fig. 1), although we can 
speak of a tendency (p=0.061) to an increase in the 
level of pERK1/2 in the tumor tissue. In MTC with 
Mts, the amount of pERK1/2 is significantly high‑
er than in the adjacent CN tissue, and in Mts it is 
higher compared to the primary tumor (Table 1. 
Groups 3-5, Fig. 1).

frequently found in various cancers due to genetic 
and epigenetic alterations, making them attractive 
therapeutic targets [1-5]. 

This pathway consists of the serine-threonine 
protein kinase Raf (A-Raf, B-Raf or C-Raf-1), the 
highly homologous dual-specificity kinases MEK1 
(MAP2K1) and MEK2 (MAP2K2), the ubiqui‑
tously expressed serine-threonine protein kinase 
ERK1 and its important homolog ERK2. MAPK 
kinases are controlled by a complex network of 
regulators, including the small GTPases Ras and 
Rap, phosphatases and other kinases that influence 
the amplitude, duration of pathway activity and its 
compartmentalization. The MAPK cascade is acti‑
vated by RET/PTC chromosomal translocations, 
mutations in B-Raf (B-RafV600E), Ras, overexpres‑
sion of wild-type genes and mutations of receptors 
such as EGFR. Uncontrolled activity of the MAPK 
signalling pathway is the basis of the pathogenesis 
of thyroid cancer [2, 5-7]. 

G-CSF is a cytokine that stimulates the bone 
marrow to produce leukocytes. It is a hematopoie‑
tic growth factor that regulates bone marrow func‑
tion by binding to the G-CSF receptor (G-CSFR) 
to generate mature immune cells such as basophils, 
eosinophils, and neutrophils [8]. G-CSF has been 
found to be overexpressed in tumors and can also 
stimulate angiogenesis and tumor growth [9]. In‑
hibition of G-CSF significantly reduced tumor 
vascularisation, growth, and Mts. Therefore, inhi‑
bition of the G-CSF signalling pathway should be 
considered in cancer treatment [10]. There is evi‑
dence that patients with tumors that express high 
levels of G-CSF are more aggressive, more difficult 
to treat, have a poor prognosis, and a high mortal‑
ity rate. Studies show that G-CSF has tumor-pro‑
moting effects on both tumor cells and the tumor 
microenvironment. The direct effects of G-CSF are 
associated with promoting tumor cell proliferation, 
migration and stem cell longevity. In addition, it 
may promote the development of pro-tumorigen‑
ic phenotypes of immune cells, such as M2 mac‑
rophages, myeloid suppressor cells, and regulatory 
T cells [11].

Material and methods

The study protocol was approved by the Ethics 
Committee of the SI «V.P. Komisarenko Institute 
of Endocrinology and Metabolism of the NAMS of 
Ukraine». All patients signed informed consent for 
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The level of pERK1/2 in the blood cells of MTC 
patients with Mts is slightly higher than in patients 
without Mts (Table 1. Groups 13 and 14, Fig. 1, 
group 8 and 9). The amount of pERK1/2 in the 
blood plasma of MTC patients with Mts is signif‑
icantly (2.2 times) higher than in patients without 
Mts (Group 17/18, Fig. 1, group 10/11).

In the MNG tissue, no significant difference be‑
tween CN and goiter tissue was observed (Table 1. 
Groups 11 and 12, Fig. 1, group 7).

Table 1. Phospho-ERK1/2 concentration in CN, tumor tissues of MTC, PTC, Mts, 

MNG tissue, as well as in plasma and blood cells of patients with MTC, PTC.

Groups Specimens М±SE %±SE

Tissue

1 CN tissue 9.89±1.89 (n=5) 100.00±19.14 

2 MTC 14.72±3.49 (n=5) 148.85±35.24

3 CN tissue 11.15±0.89 (n=5) 100.00± 7.97

4 MTC 16.17±0.42 (n=5) 145.02±3.793

5 Мts 18.89±0.94 (n=5) 169.42±8.403,4

6 CN tissue 5.01±1.40 (n=5) 100.00±28.03

7 PTC 11.65±4.12 (n=5) 232.68±82.306

8 CN tissue 11.73±2.80 (n=5) 100.02±23.916

9 PTC 33.29±9.45 (n=5) 283.84±80.578

10 Мts 15.10±2.94 (n=5) 128.75±25.089

11 CN tissue 9.34±4.76 (n=4) 100.00±50.99

12 MNG 11.90±2.54 (n=4) 127.43±27.24

Cells

13 МTC 21.68±1.30 (n=3) 100±5.99

14 МTC+Мts 24.98±0.09 (n=4) 115.21±0.4213

15 PTC 11.52±1.73 (n=3) 100.00±15.03

16 PTC+Мts 25.35±2.82 (n=4) 220.15±24.4715

Plasma

17 МTC 46.70±15.36 (n=3) 100.00±32.90

18 МTC+Мts 107.12±2.33 (n=5) 229.40±5.0017

19 PTC 102.41±16.42 (n=4) 100.00±16.03

20 PTC+Мts 197.30±46.95 (n=4) 192.65±45.8519

Note. M – arithmetic mean; indices show significant differences between the 
corresponding groups, p≤0.05. pERK1/2 levels are given in pg/ml for blood 
plasma and pg/μg of total protein for tissues and cells.

Unlike MTC, the level of activated ERK1/2 
in tumor tissue of PTC without Mts is more than  
2 times higher than the level of CN tissue (Table 1,  
groups 6 and 7, Fig. 2). The same picture is ob‑
served for PTC with Mts, although the level of ki‑
nase in Mts did not differ from CN tissue. There is 
also a significant (almost 3-fold) difference in the 

Fig. 1. Percentage ratio of pERK1/2 concentrations in conventionally normal 
and tumor tissues of MTC, Mts, MNG and in the blood of patients with MTC.

Note. 1, 3, 6 – CN tissue; 2 – MTC without Mts;  4 – MTC tissue with Mts; 5 – Mts;  
7 – MNG; 8 – blood cells, MTC without Mts; 9 – cells, MTC with Mts;  10 – plasma:  
MTC without Mts; 11 – plasma: MTC without Mts;  1, 3, 6 – 100% for tissues,  
8 – 100% for blood cells and 10 – 100% for blood plasma.  + − significant diffe
rences from the previous column in each group, p≤0.05.

amount of pERK1/2 in PTC with Mts compared to 
corresponding CN tissue (Table 1, groups 9 and 8,  
Fig. 2, group 6). In goiter tissue, the amount of 
pERK1/2  does not differ from CN tissue. The differ‑
ence between pERK1/2 levels  in CN tissue between 
PTC with and without Mts is noteworthy (Table 1, 
groups 6 and 8), which can indicate a mutual influ‑
ence of the tumor and adjacent normal tissue.

Determination of pERK1/2 levels in plasma and 
blood cells of PTC patients showed a significant ex‑
cess (~2-fold) of the kinase in PTC patients with 
Mts, compared with PTC without Mts (Table 1, 
groups 15, 16 and groups 19, 20, Fig. 2, groups 8-9 
and 10-11).

Thus, in most cases, pERK1/2 levels differ in pa‑
tients with tumors that have not metastasized from 
those in patients with Mts. Changes in the level of 
activated kinase in cells and blood plasma, which can 
be determined preoperatively are of particular inter‑
est. This indicator can also be used for differentiation 
between benign (goiter) and malignant tumors.

2. Determination of G-CSF level in thyroid tissues 
and blood plasma of patients with PTC.

Determination of the G-CSF content in thyroid 
tissues and blood plasma of patients showed a sig‑
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Fig. 2. Percentage ratio of pERK1/2 concentrations in the tissue, cells and plas-
ma of patients with MNG, CN, tumor tissues of PTC and Mts.

Note. 1, 3, 5 – CN tissue; 2 – MNG; 4 – PTC without Mts; 6 – PTC with Mts; 7 – Mts; 
8 – blood cells, PTC without Mts; 9 – cells, PTC with Mts; 10 – blood plasma, PTC 
without Mts; 11 – plasma, PTC with Mts. 1, 3, 5 – 100% for tissues, 8 – 100% for cells 
and 10 – 100% for blood plasma.  + − significant differences from the previous 
column in each group, p≤0.05.

nificant increase of the factor in tumor tissue and, 
especially, in Mts (Table 2, groups 1-5, Fig. 3). Also, 
a twofold increase in the level of G-CSF was ob‑
served in the blood plasma of patients with PTC +  
Mts (Table 2, Fig. 3, groups 6-7).

The G-CSF concentration in the control 
blood (plasma of healthy individuals) was 52.28± 
11.62 pg/mL.

Thus, the G-CSF level can also be an indicator 
of malignant transformation and Mts in PTC.

Dysfunction of the Ras-ERK pathway is a major 
trigger for the development of most types of cancer, 
including thyroid cancer [5-7, 14, 15]. Activation 
of the ERK cascade occurs in the most cancer types 
with activating mutations of this pathway being 
the most common oncogenic factor for all cancer 
types. On the other hand, elevated ERK expression 
in tumor cells can lead to apoptosis and senescence 
[16-18].

The ERK signalling cascade (specifically the 
ERK2 isoform) is associated with the self-renewal 
capacity of cancer stem cells that drive Mts. ERK 
and MMP (matrix metalloproteinases) are two mo‑
lecular components involved in cellular processes, 
especially cell invasion and Mts. The ERK pathway 
can directly upregulate the MMPs expression, such 
as MMP-1, MMP-2, and MMP-9. This activation 
increases the MMPs ability to degrade the extracel‑
lular matrix that promotes cell migration, invasion, 
and ultimately Mts. The ERK pathway can activate 

Fig. 3. Percentage ratio of G-CSF concentrations in tissues, plasma and blood 
cells of patients with PTC.

Note. 1, 3 – CN tissue; 2 – PTC without Mts; 4 – PTC – with Mts; 5 – Mts; 6 – blood 
plasma of patients with non-metastatic PTC; 7 - plasma of patients with PTC+Mts. 
1, 3 – 100% for tissues, 6 – 100% for blood plasma. + − significant differences from 
the previous column in each group, p≤0.05.

Table 2. G-CSF concentration in normal, tumor tissue of PTC, Mts, and in 

blood plasma of patients with PTC

Groups Specimens G-CFS G-CFS (%)

Tissue

1 CN 74.43±10.59 (n=5) 100.00±14.22 

2 PTC 171.58±27.74 (n=5) 230.52±37.271

3 CN 82.53±9.96 (n=5) 100.00±13.38

4 PTC + Мts 123.97±0.61 (n=5) 150.21±0.823

5 Мts 320.09±64.94 (n=5) 387.83±87.253,4

Plasma

6 PTC 469.69±155.81 (n=7) 100.00±33.17

7 PTC + Мts 939.82±257.95 (n=8) 200.09±54.926

Note. The amount of G-CSF is given in pg/mL for blood plasma and pg/μg of 
total protein for tissues. The indices show significant differences between the 
corresponding groups, p≤0.05.

proteins that deform cancer cells and allow them to 
move through body tissues [19-21]. Given its role in 
Mts, the ERK signaling cascade is a major target for 
the development of new cancer therapies [4]. Block‑
ing the ERK/MAPK signaling pathway can inhibit 
the effects of signals that promote cell movement, po‑
tentially slowing or stopping Mts. And since MAPK 
dysfunction is a cause of cancer, this cascade is an 
important therapeutic target [3-5, 7, 22, 23]. The 
most effective drug combination for ERK treatment 
is dabrafenib + a highly selective and ATP-competi‑
tive ERK inhibitor SCH772984 [7].
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G-CSF promotes tumor growth and angiogene‑
sis, which can be minimized by anti-G-CSF antibod‑
ies. Thus, G-CSF may be a potential tumor marker. 
These data suggest that elevated levels of G-CSF 
and G-CSFR in tumors lead to adverse outcomes in 
cancer patients by promoting tumor proliferation, 
migration, and angiogenesis, and therefore these 
factors are potential tumor targets for cancer ther‑
apy [24]. Surufatinib, an oral angioimmunokinase 
inhibitor that selectively targets VEGFR, FGFR1, 
and CSF-1R, is being developed for the treatment 
of solid tumors, including neuroendocrine tumors. 
Phase II development is ongoing for other solid tu‑
mors, including thyroid cancer [25].

The ERK pathway, specifically ERK2, controls 
G-CSF expression, and when the pathway is acti‑
vated, it can enhance G-CSF production by cancer 
cells. Conversely, G-CSF can activate the ERK 
pathway in carcinoma cells, leading to increased 
proliferation, migration, and expansion of cancer 
stem-like cells. Studies have shown that higher 
levels of G-CSF and ERK activation are often as‑
sociated with more aggressive and invasive cancer 
cell lines and poor patient prognosis. In gastric and 
colon cancer, G-CSF and its receptor have been 
shown to be overexpressed, and the G-CSF/ERK 
pathway promotes cancer cell proliferation and 
migration. The G-CSF/ERK pathway may con‑
tribute to resistance to certain therapies, such as 
anti-VEGF antibodies, by mobilizing immune cells 
that support tumor growth [26, 27].

Our data suggest that activated ERK and 
G-CSF concentrations in tumor tissue and in the 
blood may be promising markers of thyroid car‑
cinoma aggressiveness and Mts formation, along 
with other factors such as PCNA [28], expression 
of isoform p60 of ribosomal protein kinase S6 [29], 
expression of epithelial-mesenchymal transition 
(EMT) transcription factor ZEB1 and tight junc‑
tion zonula occludens-1 protein [30, 31], levels of 
hypoxia-inducible factor-1α [32], matrix metallo‑
proteinase 2 [21] and TGF-β1 [33].

Conclusions

1. The extracellular signal-regulated kinase 
pathway controls the expression of granulocyte 
colony-stimulating factor, and can enhance the pro‑
duction of the factor by cancer cells. Granulocyte 
colony-stimulating factor can activate the extracel‑
lular signal-regulated kinase pathway in carcinoma 

cells, which leads to increased proliferation, migra‑
tion and expansion of cancer stem-like cells.

2. An increase in the concentration of activat‑
ed extracellular signal-regulated kinase in both 
tumors, and blood may be metastasis markers of in 
thyroid carcinomas. Of particular value is the clear 
difference of this indicator from the norm in plasma 
and blood cells, which can be used for prognostic 
purposes in the preoperative period.

3. Granulocyte colony-stimulating factor pro‑
motes tumor growth and angiogenesis, and may be 
a potential tumor marker and target in cancer treat‑
ment. The level of granulocyte colony-stimulating 
factor may also be an indicator of malignant transfor‑
mation and metastases in papillary thyroid carcinoma.

Limitations

This study has several limitations as it was con‑
ducted at a single center; therefore, the obtained 
results require confirmation in larger, multicenter 
studies. Furthermore, the relatively small number of 
patients in the overall cohort and in individual sub‑
groups may have influenced the measured levels of the 
parameters studied. There are also certain difficulties 
with collecting postoperative experimental material, 
particularly medullary thyroid carcinoma samples.
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ЕКСПРЕСІЯ ГРАНУЛОЦИТАРНОГО 
КОЛОНІЄСТИМУЛЮЮЧОГО ФАКТОРА ТА 
АКТИВОВАНОЇ ПОЗАКЛІТИННОЇ СИГНАЛ-
РЕГУЛЬОВАНОЇ КІНАЗИ ПРИ КАРЦИНОМАХ 
ЩИТОПОДІБНОЇ ЗАЛОЗИ ТА МЕТАСТАЗАХ
Б.Б. Гуда, П.П. Зінич, В.М. Пушкарьов, Н.І. Левчук,  
Е.А. Шелковой, М.Ю. Болгов
ДУ «Інститут ендокринології та обміну речовин ім. В.П. Комісаренка 
Національної академії медичних наук України»

Резюме. Шлях RET/RAS/RAF/MEK/ERK (позаклітинна сигнал-ре-
гульована кіназа) – це еволюційно консервативний, високоспе-
цифічний трирівневий кіназний каскад, який регулює експресію 
генів, що контролюють проліферацію клітин, ангіогенез, ріст, ви-
живання та міграцію. Аберантна активація сигналінгу ERK в ре-
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зультаті генетичних та епігенетичних змін була виявлена ​​в різних 
видах раку, що робить компоненти цього шляху привабливими 
терапевтичними мішенями. Гранулоцитарний колонієстимулю
ючий фактор (G-CSF) – це гемопоетичний фактор росту, який сти-
мулює вироблення лейкоцитів у кістковому мозку. Було показано, 
що окрім своєї фізіологічної ролі, G-CSF надмірно експресується 
в пухлинах, де він може сприяти ангіогенезу та росту пухлини. 
Мета. Дослідити особливості експресії G-CSF і активованої ERK1/2 
у карциномах щитоподібної залози та їх метастазах. Матеріал 
і методи. Для досліджень використовувалися післяопераційні 
зразки пухлинної тканини, метастазів (Мтс) та умовно нормальної 
(УН) тканини, отримані з хірургічного відділення клініки Інституту. 
У дослідженні брали участь пацієнти з папілярною карциномою 
щитоподібної залози (ПКЩЗ), медулярною карциномою (МКЩЗ) та 
багатовузловим зобом (БВЗ). Також досліджувалися зразки плаз-
ми крові та мононуклеарних клітин (МНКК). Кількість G-CSF та 
рERK1/2 визначали за допомогою наборів для ІФА. Результати.  
Вірогідні відмінності в рівнях G-CSF та pERK1/2 спостерігалися між 
УН тканиною, БВЗ та пухлинними тканинами пацієнтів із ПКЩЗ/
МКЩЗ. Визначення фосфо-ERK1/2 у плазмі та клітинах крові паці-
єнтів із ПКЩЗ та МКЩЗ показало значне перевищення рівня кінази 
в пацієнтів із Мтс порівняно з пацієнтами без Мтс. Висновки. Під-
вищена концентрація активованої ERK як у пухлинній тканині, так і 
в крові може служити потенційним маркером метастазування кар-
цином ЩЗ. Особливе клінічне значення має суттєве відхилення 
цього показника від нормальних рівнів у плазмі та клітинах крові, 
що свідчить про його корисність для передопераційної прогнос-
тичної оцінки. Рівень G-CSF також може відображати злоякісну 
трансформацію та метастатичну прогресію при ПКЩЗ. Враховую-
чи його роль у сприянні росту пухлини та ангіогенезу, G-CSF може 
бути перспективним онкомаркером та потенційною терапевтич-
ною мішенню при раку ЩЗ.
Ключові слова: активована позаклітинна сигнал-регульована 
кіназа, гранулоцитарний колонієстимулюючий фактор, папілярна 
карцинома щитоподібної залози, медулярна карцинома щитопо-
дібної залози, метастази.
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