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Introduction

Lung cancers are divided into two groups: small cell 
(SC) and non-small cell (NSC). NSCLC lung cancers 
are also divided into several subtypes. Each type of lung 
cancer grows and spreads differently and is treated in 
different ways. In order to establish treatment protocols 
correctly, each subtype needs to be precisely defined. This 
identification is done by histopathologic examination 
of tissue samples obtained by various methods. Many 
biological markers are used for accurate pathologic 
diagnoses [1].

Although the mechanism of action of spexin is 
unknown, it has been shown to be directly involved in 
the regulation of adrenocortical cell proliferation and it 
has been proven that it is also secreted from the pancreas 
[2]. It is a newly defined peptide with a length of fourteen 
amino acids and is widely secreted in many central and 
peripheral tissues such as pancreas, brain, heart, lung, liver 
and kidney. It is found in the systemic circulation and also 
functions as a neuroendocrine signal [3].

TRPM2 is a member of the TRPM family and carries 
out ion flows between the segments in the 5th and 6th cation 
channels [4]. These ion channels are found mostly in the 
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brain but also in the lung, liver, spleen, bone marrow and 
other tissues.It has been reported in many literatures that 
ion channels belonging to the TRPM family are involved 
in cancerous cases and also the effect of spexin and 
TRPM2 ion channels on histopathologic diagnosis [5, 
6]. In our study, we have tried to show that spexin and 
TRPM2 ion channel may be effective in histopathologic 
diagnosis as biomarkers in lung cancer and may be one 
of the histopathologic diagnostic methods. we aimed to 
immunohistochemically determine the activity levels of 
Spexin peptide and TRPM2 ion channels in lung cancer 
patients and to differentiate their levels according to 
cancer type. 

Materials and Methods

The pathologic materials of a total of 30 patients who 
were diagnosed with lung cancer in the preoperative 
evaluation, diagnosed with cancer by intraoperative frozen 
section and underwent wedge resection or lobectomy 
were included in the study and the ages and genders of 
the patients were recorded.

To determine the effects of these peptides and ion 
channels in lung cancer, 30 cases with lung cancer 
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and 30 randomised control groups were formed. The 
histopathologic values of Spexin and TRPM2 ion channels 
were statistically compared.

Immunohistochemical study method
Sections taken 4-6 mm thick from paraffin blocks 

were transferred to polylysine slides and deparaffinized. 
The sections were then passed through a graded alcohol 
series and boiled in citrate buffer solution at pH: 6 in a 
microwave oven (750W) for 12 minutes. After boiling, 
the tissues were kept at room temperature for cooling 
and washed with PBS (Phosphate Buffered Saline) and 
hydrogen peroxide solution was applied for 6 minutes 
to inhibit endogenous peroxidase activity. After the 
tissues were washed with PBS for 3x5 minutes, block 
solution was applied for 5 minutes and incubated with 
1/250 diluted spexin and TRPM2 primary antibodies 
(Anti-Neuropeptide Q/NPQ SPX Antibody, A04088-1, 
Boster Biological technology, USA / Rabbit Anti-TRPM2 
antibody, ab101738, Abcam, Cambridge, UK) for 60 
minutes in a humid environment at room temperature.

After primary antibody application, the tissues 
were washed with PBS for 3x5 minutes and incubated 
with secondary antibody compatible with the primary 
antibody for 30 minutes in a humidified environment at 
room temperature. After secondary antibody application, 
the tissues were washed with PBS for 3x5 minutes and 
incubated with Streptavidin Peroxidase (TS-125-HR, 
Lab Vision Corporation, USA) for 30 minutes at room 
temperature in a humidified environment.

After 3-amino-9-ethylcarbazole (AEC) Substrate+AEC 
Chromogen solution was added to the tissues and the 
image signal was obtained under the light microscope, 
all groups were simultaneously washed with PBS. The 
tissues counterstained with Mayer’s hematoxylin were 
washed with PBS and distilled water and covered with 
the appropriate closing solution (Large Volume Vision 
Mount, TA-125-UG, Lab Vision Corporation, USA). The 
slides were examined, evaluated and photographed under 
a Leica DM500 microscope (Leica DFC295).

A histoscore was created based on the prevalence (0.1: 
<25%, 0.4: 26-50%, 0.6: 51-75%, 0.9: 76-100%) and 
severity (0: none, +0.5: very little, +1: little, +2: moderate, 
+3: severe) of immunoreactivity in staining. Histoscore= 
prevalence x severity

Statistical Analysis
The data were statistically analyzed using SPSS 22.0 

(IBM Corporation, Armonk, NY, USA) package program. 
In data analysis, the distribution of continuous variables 
was determined by Shapiro-Wilk normality test. Numerical 
data that did not fit the normal distribution were expressed 
as median (Minimum-Maximum) and qualitative data as 
percentage. Kruskal-Wallis test was used to compare more 
than two groups. After the Kruskal-Wallis test, pairwise 
comparisons were made with Post Hoc Dunn’s test. 
Pearson chi-square test was used to compare categorical 
data. P<0.05 was considered significant.

Results

Twenty-two (69%) of the patients were male, 8 (31%) 
were female and the mean age was 66 (50-80) years. 
10 patients had adenocarcinoma, 10 had squamous cell 
carcinoma and 10 had small cell carcinoma. In addition, 
30 randomized control groups without cancer cells in the 
lung were formed.

The median (min-max) spectin level in lung tissue 
containing cancer cells was 0.90 (0.60-1.20) for Adeno 
Ca, 0.85 (0.45-1.20) for SCC, 0.30 (0.20-0.60) for Small 
Cell Ca and 0.30 (0.10-0.60) for the control group.  The 
median value of the spectrum of patients with lung tissue 
containing cancer cells was statistically more significant 
than that of the control group, while the median value of 
Small Cell Ca was the same as the median value of the 
spectrum of the control group. Adeno Ca and SCC were 
more significant than Small Cell Ca (p<0.001) (Table 1).

The median (min-max) TRPM2 level in lung tissues 
containing cancer cells was 0.90 (0.60-1.80) for Adeno 
Ca, 0.60 (0.45-1.80) for SCC, 0.40 (0.20-0.60) for 
small cell Ca and 0.20 (0.10-0.60) for the control group. 
Statistically, lung patients with cancer cells had a more 
significant median TRPM2 value than the control group. 
Adeno Ca was more significant than SCC small cell Ca 
(p<0.001) (Table 1).

Immunohistochemical Findings
Spexin immunoreactivity 

As a result of examination of immunohistochemical 
staining under light microscopy; Spexin immunoreactivity 
of all groups was found to be significantly different 
when compared by Kruskal-Wallis test. As a result of the 
pairwise comparison of the groups with Dunn’s test after 
the Kruskal-Wallis test; Compared to the control group 
(Figure 1a), Spexin immunoreactivity was similar in the 
Small cell carcinoma group (Figure 1b) (p=0.679), while 
Spexin immunoreactivity was significantly increased in 
the Adeno cancer (Figure 1c) (p<0.001) and Squamous 
cell carcinoma (Figure 1d) (p<0.001) groups.

Compared to the small cell carcinoma group, Spexin 
immunoreactivity was significantly increased in the Adeno 
cancer (p<0.001) and Squamous cell carcinoma (p<0.001) 
groups. However, no statistically significant difference 
was observed between Spexin immunoreactivity in Adeno 
cancer and Squamous cancer groups (p = 0.712) (Table 1).

Spexin 
Median (min-max)

TRPM2
 Median (min-max)

Control 0.30 (0.10-0.60) 0.20 (0.10-0.60)
Small Cell Ca 0.30 (0.20-0.60) 0.40 (0.20-0.60)
Adeno Ca 0.90 (0.60-1.20)ab 0.90 (0.60-1.80)ab

SCC 0.85 (0.45-1.20)ab 0.60 (0.45-1.80)ab

P* <0.001 <0.001

Table 1. Spexin and TRPM2 Immunoreactivity 
histoscore 

Values are given as Median (min-max). a, Compared to the control 
group; b, Compared with the Small Cell ca group, (p<0.05); *, Kruskal-
Wallis Test 
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Figure 1. Spexin Expression in Lung Tissues of Cancer and Control Groups. The arrow indicates the immunoreactivity 
of the spexin.

Figure 2. TRPM2 Expression in Lung Tissues of Cancer and Control Groups. The arrow indicates the immunoreactivity 
of the TRPM2.

TRPM2 immunoreactivity
As a result of the examination of immunohistochemical 

staining for TRPM2 immunoreactivity under light 
microscopy; a significant difference was found when 
TRPM2 immunoreactivity of all groups was compared by 
Kruskal-Wallis test. As a result of the pairwise comparison 
of the groups with Dunn’s test after the Kruskal-Wallis 
test; Compared to the control group (Figure 2a), 
TRPM2 immunoreactivity was similar in the Small cell 
carcinoma group (Figure 2b) (p = 0.147), whereas TRPM2 
immunoreactivity was significantly increased in the 
Adeno cancer (Figure 2c) (p<0.001) and Squamous cell 

carcinoma (Figure 2d) (p<0.001) groups.
TRPM2 immunoreactivity was significantly increased 

in Adeno cancer (p<0.001) and Squamous cell carcinoma 
(p<0.001) compared to small cell carcinoma. However, 
there was no statistically significant difference in TRPM2 
immunoreactivity between Adeno cancer and Squamous 
cell carcinoma groups (p=0.149) (Table 1).

Discussion

Lung cancer ranks first in men and third in women 
among cancers seen worldwide. Late diagnosis is the 
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are useful in cancer diagnosis, determination of treatment 
and prognosis prediction. Spexin and TRPM2 are peptides 
and ion channels that have been recently identified but 
not sufficiently investigated. Spexin peptide and TRPM2 
ion channel expression is higher in lung cancer types 
Adeno Ca and Squamous Ca tissues compared to lung 
tissues without cancer cells and lung small cell Ca tissues 
(p<0,001, Table 1). Increased spexin peptide and TRPM2 
ion channel immunoreactivities can be used as biomarkers 
for Adeno Ca and Squamous Ca tissues.

Author Contribution Statement

Author contributed to the design, conception, data 
collection, data analysis, interpretation, manuscript 
writing, approved the final version of the study.  

Acknowledgements

I would like to express my gratitude to Muharrem 
Cakmak and Gokhan Artas for their contributions to this 
article and for their academic achievements.

Approval
The study was approved by Firat University Scientific 

Research and Publication Ethics Board (2021/06-08).

Availability of Data
The datasets analyzed during the current study are 

available from the corresponding author upon reasonable 
request.

Conflict of Interest
The authors declare no conflicts of interest.

References

1. Huang J, Deng Y, Tin M.S, Lok V, Ngai CH, Zhang L. 
Distribution, Risk Factors, and Temporal Trends for 
Lung Cancer Incidence and Mortality A Global Analysis. 
Chest. 2022;161(4):1101-11. https://doi.org/10.1016/j.
chest.2021.12.655.

2. Rucinski M, Porzionato A, Ziolkowska A, Szyszka M, Macchi 
V, De Caro R, et al.  Expression of the spexin gene in the rat 
adrenal gland and evidences suggesting that spexin  inhibits 
adrenocortical cell proliferation. Peptides. 2010;31(4):676–
82. https://doi.org/10.1016/j.peptides.2009.12.025

3. Lv SY, Zhou YC, Zhang XM, Chen WD, Wang YD. Emerging 
roles of NPQ/Spexin in  physiology and pathology. 
Front Pharmacol. 2019;10:457. https://doi.org/10.3389/
fphar.2019.00457

4. Terasaki H, Niki T, Matsuno Y, Yamada T, Maeshima 
A, Asamura H, et al. Lung adenocarcinoma with 
mixed bronchioloalveolar and invasive components: 
clinicopathological features, subclassification by extent of 
invasivefoci, and immunohistochemical characterization. 
Am J Surg Pathol 2003;27(7):937-51. https://doi.
org/10.1097/00000478-200307000-00009

5. Porzionato A, Rucinski M, Macchi V, Stecco C, Malendowicz 
LK, De Caro R. Spexin expression in normal rat tissues. 
J Histochem Cytochem. 2010;58(9):825-37. https://doi.
org/10.1369/jhc.2010.956300

6. Walewski JL, Ge F, Lobdell IV H, Levin N, Schwartz GJ, 

most important factor affecting survival in lung cancer. 
Due to the low long-term survival rates of patients with 
lung cancer, new methods are needed for earlier diagnosis 
and treatment of this disease. These biomarkers can be 
used in lung cancer screening, diagnosis and monitoring 
response to treatment [1, 7].

Many immunohistochemical techniques are used in 
the pathologic typing of lung cancers. Chromogranin 
A, synaptophysin, CD56, CD57, thyroid transcription 
factor-1 (TTF-1), p63, p16(INK4A) (p16) are some of 
them [8-11]. In our study, we found that spexin and 
TRPM2 values could be used in histopathologic diagnosis.

The effect of Spexin adipokinin and TRPM2 ion 
channel on histopathologic diagnosis has been reported 
in many literatures. Spexin immunoreaction is mainly 
cytoplasmic and has been demonstrated in tissues of 
the skin, respiratory, digestive, urinary and reproductive 
systems despite different staining intensities [5]. In 
this study, we demonstrated that spexin adipokinin and 
TRPM2 ion channels were found at higher levels in 
cancerous lung tissues compared to normal lung tissues.

Spexin levels were reported to be associated with 
diabetes and spexin levels were compared in blood and 
ocular aqueous fluid of type 2 diabetic patients with and 
without diabetic retinopathy and cataract. It was reported 
that spexin levels decreased in the cataract and diabetic 
retinopathy group compared to the control group and 
that spexin has an important role in the pathophysiology 
of diabetic retinopathy and cataract [5]. In our study, we 
found that spexin levels were high in patients with lung 
cancer. 

Spexin is a newly identified peptide that is widely 
secreted in many organs, including the pancreas, brain, 
heart, lung and liver. Spexin can function both through 
the blood and as a neuroendocrine signal. It has been 
shown to be a molecule that causes a feeling of satiety, 
which is lower in obese compared to lean adults, and is 
directly involved in the regulation of adrenocortical cell 
proliferation [5, 6, 12].

TRPM2 ion channel has two regions, N and C. 
While the N-terminal region acts as a regulator, the C 
region contains the enzyme ADPR pyrophosphatase 
and this enzyme catalyzes the formation of amp and 
ribose 5-phosphate from ADPR [4, 13, 14]. It has been 
reported that oxidative stress increases ADPR production 
in mitochondria and ADPR stimulates Ca2+ influx and 
opens TRPM2 channels [15, 16]. It has been reported that 
activation of TRPM2 is related to the sensitivity of the 
effects of hydrogen peroxide or TNFα or both to calcium 
entry and cell death. Antisense structures or negative 
inhibition of TRPM2-associated dominant factors can stop 
the activity of TRPM2. Inhibition of TRPM2 functions 
to protect potential target cells against oxidant stress and 
possibly other adverse stimuli provides favorable results 
in therapy [17, 18].

As a result, the immunoreactivity of the Speksin 
peptide and TRPM2 ion channel is significantly increased 
in Adeno Ca and Squamous Ca tissues compared to cancer 
cell-free lung tissues and lung small cell Ca (p<0,001, 
Table 1). Since many peptides and ion channels are 
increased in the presence of tumours, tumour markers 



Asian Pacific Journal of Cancer Prevention, Vol 26 403

DOI:10.31557/APJCP.2025.26.2.399
PEXIN Adipokinin and TRPM2 ION Channel

Vasselli JR, et al. Spexin is a  novel human peptide that 
reduces adipocyte uptake of long chain fatty acids and causes  
weight loss in rodents with diet-induced obesity. Obesity. 
2014;22(7):1643–52. https://doi.org/10.1002/oby.20725

7. Paz-Ares L, Dvorkin M, Chen Y, Reinmuth N, Hotta 
K, Trukhin D.  Durvalumab plus platinum–etoposide 
versus platinum–etoposide in first-line treatment of 
extensive-stage small-cell lung cancer (CASPIAN): a 
randomised, controlled, open-label, phase 3 trial. Lancet. 
2019;394(10212):1929-39. https://doi.org/10.1016/S0140-
6736(19)32222-6

8. Lyda MH, Weiss LM. Immunoreactivity for epithelial and 
neuroendocrine antibodies are useful in the differential 
diagnosis of lung carcinomas. Hum Pathol. 2000;31:980–87. 
https://doi.org/10.1053/hupa.2000.9076

9. Wu M, Wang B, Gil J, Sabo E, Miller L, Gan L, et al. p63 
and TTF-1 immunostaining. A useful marker panel for 
distinguishing small cell carcinoma of lung from poorly 
differentiated squamous cell carcinoma of lung. Am J Clin 
Pathol. 2003;119:696–702. https://doi.org/10.1309/P5AB-
R5KQ-89RN-JTFH

10. Nakamura N, Miyagi E, Murata S, Katoh R. Expression of 
thyroid transcription factor-1 in normal and neoplastic lung 
tissues. Mod Pathol 2002;15(10):1058–1067. https://doi.
org/10.1097/01.MP.0000028572.44247.CF

11. Sturm N, Rossi G, Lantuejoul S, Laverrière MH, Papotti 
M, Brichon PY, et al. 34BetaE12 expression along the 
whole spectrum of neuroendocrine proliferations of the 
lung, from neuroendocrine cell hyperplasia to small cell 
carcinoma. Histopathology 2003;42:156–166. https://doi.
org/10.1046/j.1365-2559.2003.01541.x

12. Mirabeau O, Perlas E, Severini C, Audero E, Gascuel O, 
Possenti R,  et al. Identification of novel peptide hormones 
in the human proteome by hidden Markov model screening  
Genome Res. 2007;17(3):320–7. https://doi.org/10.1101/
gr.5755407

13. Nilius B, Owsianik G, Voets T, Peters JA. Transient 
Receptor Potential cation channels in disease. Physiol 
Rev. 2007;87:165-217. https:/ /doi .org/10.1152/
physrev.00021.2006

14. Clapham DE. Snapshot: mammalian TRP channels. Cell. 
2007;129(1):220. https://doi.org/10.1016/j.cell.2007.03.034

15. Perraud AL, Takanishi CL, Shen B, Kang S, Smith MK, 
Schmitz C, et al. Accumulation of free ADP-ribose from 
mitochondria mediates oxidative stressinduced gating of 
TRPM2 cation channels. J Biol Chem. 2005;280:6138–48. 
https://doi.org/10.1074/jbc.M411446200

16. Naziroglu M. New molecular mechanisms on the activation 
of TRPM2 channels by oxidative stress and ADP-
ribose. Neurochem Res. 2007;32:1990-2001. https://doi.
org/10.1007/s11064-007-9386-x

17. Hara Y, Wakamori M, Ishii M, Maeno E, Nishida M, Yoshida 
T, et al. LTRPC2Ca2+ -permeable channel activated by 
changes in redox status confers susceptibility to cell death. 
Mol Cell. 2002;9:163-73. https://doi.org/10.1016/s1097-
2765(01)00438-5. 

18. Mchugh D, Flemming R, Xu SZ, Perraud AL, Beech DJ. 
Critical intracellular Ca2+ dependence of transient receptor 
potential melastatin 2 (TRPM2) cation channel activation. J 
Biol Chem. 2003;278(3):11002-06. https://doi.org/10.1074/
jbc.M210810200

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.


