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ABSTRACT 
Objectives: Breast cancer is the second leading cause of cancer deaths among women. Therefore, there is a 
need for new approaches that increase the success of treatment in breast cancer. Cancer stem cells (CSCs) are 
associated with treatment resistance and metastasis, which are important problems in cancer treatment including 
breast tumors. In this study, the Hematopoietic- and neurologic-expressed sequence 1-like (HN1L), also known 
as Jupiter microtubule associated homolog 2 (JPT2) protein levels which is involved in the self-renewal of 
CSCs were evaluated in common and rare breast tumor types.  
Methods: In this context, HN1L protein levels were measured from plasma of 17 patients and from tumor and 
normal tissues of 9 patients by enzyme linked immunosorbent assay method.  
Results: Mean HN1L levels were measured as 1.63 ± 0.88 ng/mL in plasma samples, 2.18 ± 0.75 ng/mL in 
tumor tissue samples and 2.71 ± 0.88 ng/mL in normal tissue samples. A significant difference was observed 
between mean HN1L levels in plasma and normal tissue (p < 0.05). Correlation of HN1L protein levels with 
clinicopathological characteristics were analyzed. Accordingly, HN1L levels were positively correlated with 
tumor size and invasion status (r = 0.425; p < 0.05 and r = 0.449; p < 0.05, respectively). 
Conclusions: We believe that the importance of HN1L in management of breast cancers will be demonstrated 
more thoroughly when further studies are conducted with increased number of patients.  
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Cancer is one of the leading causes of mortality 
and morbidity all over the world and is accepted 

as one of the most common diseases in the world after 
cardiovascular diseases [1]. According to the GLOBO-
CAN database, part of the International Agency for 
Research on Cancer (IARC), there were 19.3 million 
new cancer cases and 10.0 million cancer deaths in 
2020. In the same year, the most frequently diagnosed 

cancer in men were lung (25.8%), followed by 
prostate (14.6%) and colorectal cancer (9%). In 
women, breast cancer (23.9%) is the leading cause of 
death, followed by thyroid (10.9%) and colorectal can-
cer (9.1%). Breast cancer is the most frequently diag-
nosed cancer type in the world and is estimated to be 
the leading cause of cancer death in women world-
wide. The latest data show that there were 2.26 million 
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cases of breast cancer in 2020 [2]. With the increase 
in targeted treatment options in recent years, the need 
for more effective management of breast cancer treat-
ment has also increased. Research and clinical use of 
new molecular biomarker candidates will make sig-
nificant contributions to the treatment of the disease.  
      Hematopoietic - and neurologic-expressed se-
quence 1-like (HN1L), also known as Jupiter micro-
tubule associated homolog 2 (JPT2), is a protein with 
very limited information and is thought to play a role 
in embryo development [3]. HN1L gene is located on 
chromosome 16p13.3 that encodes a 20-kDa protein 
[3]. HN1L protein, which is localized in the nucleus 
and cytoplasm of the cell, has been found in liver, kid-
ney, uterus, testis and prostate tissues [3]. There are a 
limited number of studies revealing the role of HN1L 
protein in various types of cancer. It has been reported 
that the HN1L gene is altered in a quarter of breast 
cancer cases and is correlated with low overall sur-
vival in triple negative breast cancer (TNBC) cases 
[4]. On the other hand, it was revealed that the number 
of breast cancer stem cells has decreased and sensitiv-
ity to chemotherapy was improved by silencing HN1L 
[4]. HN1L plays a role in the self-renewal processes 
of cancer stem cells (CSCs). Due to the high frequency 
of mutations in this gene, it has been determined that 
measuring mutant HN1L gene fragments in the blood-
stream can exhibit tumor burden and be effective in 
tracking progression [5]. In another study, it was 
shown that HN1L is highly expressed in breast cancer 
tissues, positively correlated with metastasis in breast 
cancer patients, and significantly inhibited invasion 
and metastasis when silenced [6]. In terms of its mo-
lecular interactions, the HN1L protein has been asso-
ciated with the signal transducer and activator of 
transcription (STAT) pathway and has been reported 
to upregulate the expression of high-mobility group 
protein 1 (HMGB1) protein, which plays a key role in 
breast cancer invasion and metastasis [4, 6].  
      In the current study, it is aimed to investigate the 
potential of HN1L as a promising biomarker candidate 
in breast cancer. 
 
 
METHODS 
 
Patients and Clinical Characteristics  
Nine fresh tissue (tumor and normal) samples and 17 

plasma samples were collected from breast cancer pa-
tients who were admitted to Breast Surgery Depart-
ment. The study was approved by the local Clinical 
Research Ethics Committee (2021-10/44) and con-
ducted in accordance with Helsinki Declaration. In-
formed consent was obtained from all patients. 
Clinicopathological characteristics of the patients were 
obtained from Breast Surgery and Medical Pathology 
Departments. Histological and molecular subtypes of 
breast cancer were defined by respective clinical de-
partments.  
 
HN1L Enzyme Linked Immunosorbent Assay  
      HN1L protein levels were measured from plasma 
of 17 patients and from tumor and normal tissues of 9 
patients by Enzyme linked immunosorbent assay 
(ELISA) method. Whole blood samples collected into 
EDTA-coated tubes from patients were centrifuged at 
2000 × g for 10 min (Nüve NF800R, Turkey). Then, 
1 mL aliquots of the supernatant were transferred into 
cryovials for long term storage. Tissue samples were 
cut into thin pieces with a scalpel and subsequently in-
cubated with RIPA lysis buffer supplemented with 
protease inhibitors and sodium vanadate in a micro-
centrifuge tube for 20 min. Tumor and normal tissues 
were homogenized on ice for 1 min at 900 rpm 
(Schuett Homgenplus, Germany). The homogenized 
samples were centrifuged at 10,000 × g for 10 min at 
4 °C (Nüve NF800R, Turkey). Clean supernatants 
were transferred to a new 1.5 ml microcentrifuge tube 
and stored at 4 °C to determine protein concentration 
and perform ELISA. Bicinchoninic acid assay was uti-
lized to evaluate total protein concentration as de-
scribed by Smith et al. [7]. All accumulated plasma 
and tissue samples were stored at −80°C until further 
use.  
      For ELISA, HN1L protein levels were evaluated 
according to the manufacturer’s instructions (Abbexa, 
Cambridge, United Kingdom). Briefly, standard solu-
tions, reagents and samples were prepared. Equal 
amounts of protein at 100 µL volume were loaded into 
each well of a 96-well plate. Also, 100 µL of standard 
solutions were pipetted in order to generate a calibra-
tion curve. After different incubation times and wash-
ing steps, 100 µL of biotin conjugated detection 
antibody, 100 µL of HRP (horseradish peroxidase) 
conjugated detection antibody, 90 µl of TMB 
(3,3′,5,5′-Tetramethylbenzidine) substrate solution and 
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50 µL of stop solution were added, respectively. Fi-
nally, absorbance was measured in a spectrophotome-
ter (EL × 800, BioTek Instruments, Inc., Winooski, 
VT, USA) at 450 nm. HN1L protein concentration was 
expressed as ng/mL. 
 
Statistical Analysis  
      Nominal and ordinal parameters were described 
as frequencies; whereas, scale parameters were de-
scribed as mean and standard deviations. Fischer’s 
Exact Test, Chi-Square and Likelihood ratio tests were 
used to indicate differences between categorical vari-
ables. Kolmogorov Smirnov test was used to analyze 
normality of scale parameters. Independent Samples 
t-test and One Way ANOVA were used to detect dif-
ferences of normally distributed scale parameters. 
Spearman’s rho correlation and ROC analysis were 
implemented for relational analysis. SPSS 17.0 for 
Windows was used, and 95% Confidence Interval was 
mentioned at 0.05 significance level.  
 
 
RESULTS 
 
Management of breast cancer should be improved in 
order to accomplish better outcomes in clinical prac-
tice. CSC hypothesis posits that cells with stem cell 
like properties take part in processes such as therapy 
resistance and recurrence; which in turn, lowers the 
effectiveness of treatment and hinders therapy success 
[8, 9]. A better understanding of proteins associated 
with CSCs could shed light on how to overcome the 
important obstacles in breast cancer treatment. Thus, 
we have investigated a CSC associated protein, HN1L, 
to evaluate its levels in plasma and tumor tissue of 
breast cancer patients and its correlation with clinical 
parameters. To our knowledge, this is the first study 
that aims to determine the levels of HN1L protein 

from the circulation with any type of cancer including 
breast carcinomas.  
      The present study included 35 samples from 26 
breast cancer patients. The samples were divided into 
two groups; namely plasma and tumor tissue, to de-
scribe the origin of sample. Clinicopathological char-
acteristics of patients is shown in Table 1. Histological 
subtype distribution in plasma samples was invasive 
ductal (n = 16) and mixed carcinoma (n = 1); whereas 
the histological subtype distribution of tissue samples 
was invasive ductal (n = 1), invasive lobular (n = 2), 
mucinous (n = 1), tubular (n = 1), mixed (n = 3) car-
cinoma, and malignant phyllodes tumor (n = 1). Mu-
cinous, tubular and mixed carcinomas and malignant 
phyllodes tumors are among rare type of tumors that 
are represented with a frequency of less than 5% 
within breast carcinomas [10]. There is also a tumor 
sample collected from a male breast cancer patient 
which is a rare case as well, with less than 1% fre-
quency of all breast cancer cases [11]. Considering the 
molecular subtype distribution, plasma and tissue sam-
ples of luminal subtypes were selected and included 
in the study, which in turn contributed to the homo-
geneity of the study groups.  
      Circulating HN1L protein levels detected from 
plasma and levels of HN1L protein measured from ho-
mogenized tumor and normal tissue of breast cancer 
patients are shown in Table 2. Mean HN1L concentra-
tion values were ranked from lowest to highest as 
plasma, tumor tissue and normal tissue. Comparison 
of HN1L protein levels between plasma, tumor and 
normal tissue groups demonstrated that HN1L protein 
levels differ significantly between normal tissue and 
plasma groups (p < 0.05). However, difference in 
mean HN1L protein levels was statistically insignifi-
cant both between tumor and normal tissue groups as 
well as between tumor tissue and plasma groups (p > 
0.05). Therefore, the absence of significant difference 
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between plasma and tumor tissue HN1L protein levels 
suggests that evaluation of plasma HN1L protein lev-
els may prove to be useful as a surrogate of tumor 
HN1L protein levels. We have further examined the 
difference between plasma and normal tissue HN1L 
levels in detail by analyzing receiver operating char-
acteristic (ROC) curve to determine the discriminatory 
accuracy (Fig. 1). Predictive value of HN1L for 
plasma was 73.2% with statistically significant area 
under curve (p < 0.05). Sensitivity for 1.55 cut off 
level was 52.9% and specificity was 88.9%. For 2.08 
cut off level of HN1L, sensitivity was 70.6% and 
specificity was 61.1%. Overall, this model indicates a 
good discriminatory ability for the prediction of HN1L 
concentration from plasma and normal tissue. Then, 
the correlation between HN1L protein levels and clin-
ical parameters were explored. Spearman’s correlation 
analysis revealed that tumor size (r = 0.449; p < 0.05) 
and lymphatic invasion (r = 0.425; p < 0.05) had sig-
nificant positive correlation with HN1L protein levels 
(Table 3). However, there was no significant correla-
tion with age, presence of metastasis or any of the as-
sessed pathological parameters. This finding suggests 
that HN1L protein levels might accurately reflect the 
tumor size and lymphatic invasion in breast cancer. 

DISCUSSION 
 
The importance of guiding therapeutic strategy and the 
management of patients has increased dramatically in 
recent years with the expansion of available treatment 
options such as targeted therapies and immunotherapy 
[12]. In this respect, especially the utilization of cir-
culating tumor DNA analyses into the routine clinical 
practice has the potential to be an extremely effective 
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!Fig. 1. ROC analysis results for predictive value of HN1L for 
plasma. According to the results of the ROC analysis AUC 
was 73.2% and was found to be statistically significant (p < 
0.05).
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tool in the management of cancer therapy [13-15]. 
Furthermore, the analysis circulating proteins as a 
minimally invasive and an inexpensive tool in deter-
mination of disease risk, treatment adjustment, prog-
nostication and disease progression monitoring has 
been a trending research area [16]. In fact, new break-
throughs in early detection of cancer has been 
achieved with the adoption of both circulating nucleic 
acids and proteins as new instruments in this field [16-
18]. In this regard, investigation of circulating levels 
of CSC associated proteins might contribute to the im-
provement of clinical outcome in breast cancer. 
      There is a limited number of studies regarding the 
analysis of circulating levels of CSC associated cellu-
lar proteins in many types of malignancies including 
breast cancer. Mirzaei et al. [19] has assessed the lev-
els of double cortin like kinase 1 (DCLK1) extracted 
from peripheral blood mononuclear cells of patients 
diagnosed with colorectal cancer and healthy individ-
uals who displayed significantly different levels of the 
protein by ELISA method. Later, Christman et al. [20] 
utilized the same protein and showed that DCLK1 
may have potential as a circulating biomarker for ther-
apy response in esophageal adenocarcinoma. Another 
example is Glutaredoxin3 (GLRX3), a secretory pro-
tein that is upregulated in pancreatic ductal adenocar-
cinoma CSC enriched spheres. GLRX3 protein levels 
were measured by ELISA from the plasma of both 
healthy individuals and pancreatic cancer patients 
which revealed that there was a significant difference 
between the two groups, a finding that may have im-
plications in diagnosis of pancreatic cancer. Majority 
of the previous studies on the role of HN1L in different 
types of cancer demonstrate that overexpression of this 
protein promotes cell migration, invasion and metas-
tatis in in vitro and in vivo models and is an indication 
of worse disease free survival in non-small cell lung 
cancer patients and poor prognosis in hepatocellular 
carcinoma patients [21, 22]. Furthermore, silencing 
HN1L expression lowered the capability of breast 
CSCs to initiate tumor and inhibited tumor formation 
in vivo in mice injected with prostate cancer cells [4, 
21]. According to immunohistochemistry analysis 
with tumor and non-tumor tissue samples from breast 
cancer and esophagogastric junction adenocarcinoma 
patients, an overexpression of HN1L was reported in 
tumor tissues compared to adjacent normal tissue of 

the patients [6, 23]. Our findings however did not con-
firm this data, most probably due to low number of 
tumor samples and partly because of diverse 
histopathological background of the collected tumor 
samples.  
      To the best of our knowledge, there is only a cou-
ple of studies investigating the plasma levels of HN1L 
in cancer patients which were conducted by our re-
search group. In these studies, the mean HN1L plasma 
levels were measured as 1.05, 1.70, 0.95 and 1.03 
ng/mL from 29 luminal A, luminal B, triple negative 
and HER2+ subtypes, respectively [24, 25]. These 
mean values are comparable with our current findings. 
Moreover, in the previous study, HN1L levels in lu-
minal subtype samples were in positive correlation 
with lymphatic invasion and tumor size which is in 
agreement with our findings considering that sample 
group was selected from luminal subtype of breast 
cancer cases as well [25]. The fact that the results ob-
tained are mutually supportive strenghtens our study. 
The significance of correlation between lymphatic in-
vasion and tumor size with HN1L levels may be asso-
ciated with the aggressiveness of the tumor. Therefore, 
this result might gain importance in the future for the 
follow-up of the disease.  
 
 
CONCLUSION 
 
To conclude, we have determined the HN1L protein 
levels in plasma, tumor and normal tissues in breast 
cancer patients and shown that these levels did not dif-
fer significantly between plasma and tumor tissue. We 
have found out that HN1L protein levels were posi-
tively correlated with tumor size and lymphatic inva-
sion. Our analyses also included cases of rare breast 
cancers with different histological background. Future 
studies with a higher number of cases would ensure a 
more comprehensive investigation of the relationship 
between the change in HN1L protein levels and clini-
cal parameters.  
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