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Simple Summary: CD15 antigen is found on various cancer cells, including renal cancer, prostate 
and bladder cancers, acute leukemias, hepatocellular carcinoma, breast cancer and melanoma. Its 
high expression serves as a good prognostic marker for patients and high hopes are related to its 
use in the immunotherapy of the tumor. CD15 interacts with E-, L- and P-selectins, which allows 
for the adhesion with the endothelial cells and consequently to metastases. The blockage of antigen’s 
function results in reduced metastatic potential. It may be an immunotherapeutic target against can-
cer. CD15s is a sialyl derivative of CD15, however, unlike the high expression of CD15 which is a 
prognostic factor in Hodgkin lymphoma, CD15s relate to poor prognosis for the patients. CD15 is 
considered as a marker of cancer stem cells. This review presents a comprehensive description of 
the role of CD15 and CD15s in the anticancer therapy. 

Abstract: CD15 (Lewis X/Lex) is a fucosyl (3-fucosly-N-acetyl-lactosamine) moiety found on mem-
brane proteins of various cancer cells. These include renal cancer, prostate and bladder cancers, 
acute leukemias, hepatocellular carcinoma, breast cancer and melanoma. The antigen plays an es-
pecially significant role in renal cell carcinoma. Its high expression serves as a good prognostic 
marker for patients and high hopes are related to its use in the immunotherapy of the tumor. The 
biological role of CD15 is the interaction with E-, L- and P-selectins (adhesion molecules) and allow-
ing for the adhesion with the endothelial cells. In this way, cancer cells start to interact with the 
endothelium of blood vessels and consequently move out from the blood flow to the surrounding 
tissues. The blockage of antigen’s function results in reduced metastatic potential. Moreover, the 
molecule may be a therapeutic target against cancer in monoclonal antibodies-based therapies. 
CD15s is a sialyl derivative of CD15, that possess its own unique characteristics. Unlike high expres-
sion of CD15, which is a prognostic factor in Hodgkin lymphoma, CD15s relate to poor prognosis 
for the patients. Due to the high abundance in cancer cells, CD15 is considered as a marker of Cancer 
Stem Cells. This review presents a comprehensive description of the role of CD15 and CD15s in 
cancer development and metastasis and overviews the clinical applications of the anti-CD15 ther-
apy.  
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1. CD15 and CD15s function 

CD15 (Lewis X) is a typical myeloid antigen found on the myeloid and monocytic line-
ages of cells. Depending on the cell origin, the expression of the antigen is determined 
by different isoforms of α1,3-fucosyltransferase. For instance, in mature granulocytes, it 
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is the IX isoform, whereas in promyelocytes or monocytes, it is isoform IV [4]. Classi-
cally, the antigen was used to distinguish between Hodgkin (positive) and non-Hodgkin 
lymphomas. Curiously, its expression pattern is not fully restricted to Hodgkin lym-
phoma, but also to peripheral T-cell lymphomas and primary cutaneous anaplastic large 
cell lymphoma [2]. Moreover, the antigen is widely expressed among immature cells, 
including a range of CNS progenitors [6]. Curiously, the aberrant expression of CD15 
was observed among various tumors. Not only were hematological malignancies stained 
positive for CD15, but also several solid tumors overexpressed CD15. In general, tissues 
with high content of hyaluronic acid seem positive for CD15 stain due to the high level 
of glycan content [7]. Besides, adenocarcinomas express high levels of CD15 [2]. Various 
studies aim to correlate the expression of the molecule with the potential of tumor pro-
gression and survival of the patient. Further paragraphs present the role of CD15 in re-
nal neoplasms and the therapeutical approaches by targeting the antigen.  

CD15 acts as a ligand for selectins in the transendothelial migration. The molecule al-
lows for the adhesion of the cell to the blood vessel endothelial cells and the recruitment 
of the circulating cells from the blood flow [8]. Furhter, the cytokines such as TNFα, IL-6 
or IL-1β activate the CD62E (E-selectin) [9]. The molecules allow for the tighter adhesion 
of the endothelial cells with the cell from blood flow. In the next step, the cell may mi-
grate between the endothelial cells [10]. The process is especially important in case of 
tumor metastasis [11].  

Aside from its role in cancer metastasis, CD15 is also abundant on normal cells and con-
sidered as the marker of myeloid cells. The molecule mediates the neutrophil adhesion 
to dendritic cells [12]. CD15 also serves as a marker of granulocytes [13]. The antigen is 
also critical in the fetal development of the central nervous system. CD15 may be found 
in the interganglionic boundary (from the sulcus interstriatus to an area of the ventral 
margin of the caudate nucleus) [14]. 

2. Role of CD15 and CD15s in neoplasms 

Significant changes of the cell surface carbohydrates were proved to accompany neo-
plastic transformation and they seem to be associated with tumour invasiveness and 
metastatic behaviour [15,16]. Overexpression of both CD15 and CD15s can be found on 
the surface of various types of cancer cells [17–20]. Elevated CD15 is associated with the 
adhesion of some cancer cells during the metastasis process since CD15 located on can-
cer cells can bind by homophilic interaction with CD15 located on vascular endothelial 
cells. This process starts a heterophilic interaction with other cell adhesion molecules, 
including those of the selectin family – consisting of E-, L- and P- selectin. It was demon-
strated that CD15 and CD15s play an important role in the adhesion of cancer cells to the 
endothelium of blood vessels [21–24]. For reference, see figure 2. P-selectin and E-selec-
tin are located on the surface of the endothelial cells. The initial step of cell adhesion 
(tethering), between CD15s and E-selectin, is crucial for cancer metastasis [25,26]. Fur-
thermore, researchers established CD15s to be the specific ligand of L-selectin, which in 
turn is constitutively expressed on leukocytes [27]. This results in a binding of leuko-
cytes and cancer cells, which facilitates metastatic spread via the circulatory system. An-
other mechanism involving CD15 and CD15s in malignancies progression is their ability 
to change the structure of membrane-bound proteins (e.g. mucins), which may hide can-
cer cells from being destructed by NK cells [28]. Multiple studies discussing the role of 
CD15 and CD15s in cancer pathogenesis and prognosis have been published so far.  
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Figure 2. Cancer cell adhesion to the endothelial cells by the Lewis X antigen interacting 
with E-, L- and P-selectins. The figure presents the first step in the transendothelial mi-

gration of cancer cells. 

Nakagoe et al. analysed the expression of CD15s in a cohort of 101 patients with 0-II 
stage gastric cancer who underwent curative gastrectomy to clarify its prognostic value 
[29]. In 31 patients, a high expression of CD15s antigen within their tumours was de-
tected. These patients had shorter disease-free intervals (p < 0.0001) and worse disease-
specific survival (HR 9.1 for high CD15s expression) than those with negative or low 
CD15s expression. The authors concluded that CD15s might serve as a prognostic factor 
in 0-II stage gastric cancer. Futamura et al. examined immunohistochemically the ex-
pression of CD15s in 245 patients with gastric cancer, which resulted in 135 (55%) posi-
tive cases [30]. Moreover, the occurrence of lymph nodes invasion, liver metastasis and 
stage III/IV tumours were significantly higher in CD15s-positive patients than in CD15s-
negative ones (p < 0.01, p < 0.01, p=0.028, respectively). The overall prognoses were also 
worse for patients with high CD15s expression (p = 0.019). An elevated expression of 
CD15 on gastric epithelial cells seems to be correlated with intestinal metaplasia, the pre-
cursor of gastric cancer [31].  

Opposite changes were observed in oesophageal adenocarcinoma developed in Barret’s 
epithelium, in which the expression of CD15 was reported to be much lower than in 
non-Barret’s cancer [32]. However, the study cohort consisted of only 50 patients (17/50 
Barret’s adenocarcinoma), which may affect the reliability of the results. These observa-
tions seem to find confirmation in the study of Faried et al., who demonstrated high ex-
pression of CD15 in 31% of patients (40/130) with oesophageal squamous cell carcinoma 
(non-Barret’s cancer) [33]. The authors found a strong correlation between occurrence of 
this antigen and worse TNM classification (p < 0.01), lymph node metastasis (p < 0.0001) 
and blood vessel invasion (p < 0.0001). The overall 5-year survival rate of these patients 
was significantly lower than the patients who were CD15-negative (10% vs. 66%, respec-
tively, p < 0.0001). 

The prognostic values of CD15 and CD15s in colorectal cancer have been fairly well doc-
umented over the years. The 5-year disease-free survival rates in a group of 132 patients 
were 58% and 89% for patients with CD15s-positive and CD15s-negative tumours, re-
spectively (p < 0.001) [34]. Differences in the 5-year overall survival rates in this group 
were also significant – 58% for CD15s-positive and 93% for CD15-negative patients (p < 
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0.001). Another study of 120 patients with colorectal cancer, of which 87 (72.5%) had 
high expression of CD15s, also resulted in a statistically significant difference between 
overall 5-year survival of CD15s-positive and CD15s-negative patients (61% vs. 81%, p < 
0.05) [35]. Grabowski et al. divided 182 patients with colon cancer into 2 groups based 
on the CD15s expression intensity on the carcinoma cells, assessing the UICC stage [36]. 
Strong CD15s expression was detected in 103 patients, while weak in 79 patients. Strong 
expression of CD15s was associated with a reduction of the 5-year overall survival rate 
in UICC stage II (54% vs. 84%, p < 0.01) and stage III patients (35% vs. 86%, p < 0.01). 
Taking the value of CD15s expression in colorectal cancer into consideration, in 2012, 
Schiffmann et al. established a new scoring system as an easy tool to assess CD15s ex-
pression intensity [37]. Several studies aimed to determine the prevalence of CD15 on 
colorectal cancer cells and non-lesion, healthy colon cells. Shi et al. in one of the very 
first trials on this topic demonstrated CD15 expression in 100% of colonic adenocarci-
noma tissues examined [20]. However, the cohort included only 20 cases. In a more re-
cent study, Portela et al. reported CD15s in 75% of colorectal cancer samples, while in 
only 6.7% of healthy colon tissue samples obtained from the same patients [38]. Lastly, 
Jang et al. published the results of performing immunohistochemical staining for CD15 
in 42 cases of colorectal carcinoma, 49 of tubular adenoma, 15 of hyperplastic polyp, and 
17 of the non-neoplastic colon [39]. The CD15 expression level was significantly higher 
in colorectal carcinoma (48%) than in low grade tubular adenoma (23%), hyperplastic 
polyp (0%) and non-neoplastic colon (6%) (p < 0.05). Furthermore, the CD15 expression 
was shown to increase during cancer development and progression progressively. 

Hepatocellular carcinoma (HCC), the primary malignant disease of the liver, is different 
from other solid tumours because it is commonly associated with the occurrence of in-
trahepatic metastasis, which is a poor prognostic factor [40]. There is a correlation be-
tween CD15 expression and intrahepatic metastasis – 69% vs. 30% (p < 0.02) occurrence 
in patients with CD15-positive HCC and CD15-negative HCC, respectively, although the 
difference in survival rate is not statistically significant [41]. The CD15s expression in 
liver tissue was found to be not specific for HCC, the study of Fujiwara et al. revealed 
expression of this antigen in 53% of chronic hepatitis tissue specimens and 89% of pre-
cirrhotic and cirrhotic tissue specimens [42]. Nevertheless, all of the HCC specimens had 
positive CD15s expression. Okada et al. observed either membranous or cytoplasmic 
expression of CD15s on HCC cells. The cytoplasmic-positive cells were well differenti-
ated, while membrane-positive were less differentiated. Moreover, the authors demon-
strated a positive correlation between tumour size and CD15s expression [43]. 

CD15 was shown to be a sensitive and specific marker of bile duct neoplasms; therefore, 
it may become the potential novel tool to differentiate dysplastic and neoplastic biliary 
cells from non-neoplastic tissue, which is a common diagnostic problem in indetermi-
nate biliary stricture [44]. Kashiwagi et al. detected CD15s not only in gallbladder cancer 
cells cytoplasm (52%, 28/54) but also in cancer stroma (39%, 21/54) [45]. Stromal expres-
sion of CD15s was frequently associated with lymphatic invasion, venous invasion and 
lymph node metastasis (54%, 50% and 60%, respectively, p < 0.05), which are known fac-
tors of poor prognosis.  

In the study of Fukushima et al., out of the 92 lung cancer samples examined, CD15 and 
CD15s were detected in 42% (39 cases) and 57% (52 cases) [19]. Higher expression was 
seen in the 54 lung adenocarcinomas – CD15 in 48% (26 cases) and CD15s in 72% (39 
cases). These results indicate that CD15s are a useful marker for lung adenocarcinomas. 
An important problem in the lung cancer diagnosis is to distinct peripheral lung adeno-
carcinoma involving the pleura from pleural epithelial mesothelioma. Comin et al. 
found CD15 the most specific marker in differentiating mesotheliomas from adenocarci-
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nomas – only 4.5% of mesothelioma cases, while 100% of adenocarcinoma cases ex-
pressed CD15 [46]. Mizuguchi et al. analyzed the clinical significance of serum CD15s 
concentrations as a predictor of lymph nodes metastasis, based on 272 patients with non-
small-cell lung cancer who underwent pulmonary resection [47]. The median CD15s se-
rum concentrations were 44 U/mL for N2/N3 patients and 27 U/mL for N0/N1 patients. 
The 5-year survival rates of patients with concentrations of CD15s > 38 U/mL and those 
with lower concentrations were 32% and 69%, respectively (p < 0.0001), which suggests 
the potential usefulness of serum CD15s concentrations as a staging marker and predic-
tor. Likewise, CD15s expression on the surface of lung cancer cells was linked with a 
higher probability of post-operative distant metastasis and shorter overall survival [35]. 
Martín-Satué et al. proved the crucial role of CD15s in a lung adenocarcinoma metastasis 
process [21]. 

Another malignancy is confirmed to express CD15 antigen on the surface of its cells in 
breast cancer [48,49]. Similarly to lung adenocarcinoma, CD15 and CD15s are estab-
lished key antigens in breast cancer progression and metastasis, enabling endothelial 
adhesion [18]. Sozzani et al. aimed to evaluate the prognostic value of CD15s in a long-
term follow-up study and the results were different than for other cancers [50]. A total of 
127 consecutive patients with primary breast cancer were included in the trial. The me-
dian follow-up time was 140 months. CD15s antigen expression was found in 37 speci-
mens (21%). The overall survival and disease-free survival were similar for CD15s-posi-
tive and CD15s-negative patients (62% vs. 60% and 59% vs. 56%, respectively). The ex-
pression of CD15s seems to be not associated with breast cancer survival.  

Hodgkin’s lymphoma was one of the first malignancies with demonstrated CD15 ex-
pression. In the 1980s, the Hodgkin-Reed-Stemberg (HRS) cells were found to react with 
the LeuM1 antibody raised against CD15 antigen [51]. The detection of CD15 on HRS 
cells has been used as a diagnostic marker of Hodgkin's lymphoma for years [52]. Re-
searchers found the expression of CD15 on HRS cells as a favorable prognostic factor, 
while the expression of CD15s was correlated with poor prognosis [18,53]. Although the 
expression of CD15 is not entirely specific for HRS, it is rather sensitive - detected in ap-
proximately 80% of all classical Hodgkin’s lymphomas [54]. 

Finally, the expressions of CD15 and CD15s were identified in urological malignancies. 
Sheinfeld et al. performed an immunohistochemical analysis which demonstrated that 
CD15 is not detected in normal adult urothelium except for occasional umbrella cells 
[55]. Nevertheless, the expression was identified in 100% of invasive urothelial cell carci-
nomas and 78% of carcinoma in situ cases, regardless of grade, stage, blood type or se-
cretor status, which is in line with other studies [56]. The presence of CD15-positive cells 
in bladder specimens enhanced the detection of urothelial tumours, correctly identifying 
bladder cancers in 253/293 (86%) cases compared to 63% for cytology alone [55]. A re-
cently published study by Ezeabikwa et al. resulted in intriguing disclosure that CD15 is 
highly expressed on low-grade bladder cancer cell lines.. In contrast, high-grade cell 
lines were associated with low or lack of expression (on normal bladder epithelial CD15 
was not expressed at all) [57]. Numahata et al. found CD15s expression in 70% urothelial 
bladder carcinomas and correlated it with lymph node invasion, blood-borne metastasis 
and a lower 5-year survival rate [23]. Researchers investigated the value of different 
urine markers in bladder cancer, which resulted in 86% median sensitivity (80-94%) and 
73% median specificity (37-86%) for CD15 [58–61]. However, the sensitivity, with the 
median of 75% (68-79%), was worse in recurrent disease, while the median specificity 
increased to 82% (67-86%). CD15 was concluded in the systematic review to be one of 
the most promising urine markers of bladder cancer [62]. 
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Overexpression of CD15 and CD15s antigens were also demonstrated in prostate cancer 
[63,64]. The upregulation of CD15s is associated with hormonal-resistant, aggressive 
disease [63]. High expression of CD15 and CD15s may influence prostate cancer progres-
sion through several mechanisms, including immune recognition by selectins or modifi-
cations of prostate cells mucins that enable cancer cells to evade destruction by NK cells 
[28]. In a recent study, CD15s expression on prostate cancer cells was found to be regu-
lated by androgens [65]. This may be one of the factors why androgens play a crucial 
role in the development and progression of prostate cancer, and why androgen depriva-
tion therapy is usually the first-line treatment in metastatic disease.   

In 2016 Liang et al. performed a meta-analysis of 29 studies to establish the relationship 
between CD15s expression on the surface of malignant cells overall, cancer prognosis 
and clinicopathology [66]. It concluded that a high level of CD15s expression is signifi-
cantly associated with lymphatic invasion, venous invasion, deep invasion, lymph node 
metastasis, distant metastasis, tumour stage, tumour recurrence and overall survival in 
cancer overall. The authors suggested CD15s as a new diagnostic and prognostic bi-
omarker with the potential to become a therapeutic target in different types of cancer. 
Nevertheless, further studies are required to investigate the factors that caused signifi-
cant heterogeneity in this meta-analysis.   

3. Role of CD15 and CD15s in RCC 

Despite all the findings above, proving diagnostic and prognostic values in many can-
cers, the role of CD15 and CD15s antigens in RCC is still unclear and insufficiently stud-
ied. Several researchers confirmed the expression of these antigens on the surface of 
RCC cells [67–70]. However, their influence on RCC progression and prognosis is more 
controversial and complex than in other cancers.  

One of the first trials to investigate the presence of CD15 in RCC was enrolled by Cor-
don-Cardo et al. in the late 1980s [67]. It resulted in 76% (22/29) of CD15-positive speci-
mens. Interestingly, the authors also analysed samples of 15 metastatic tumours, finding 
CD15 overexpression on occasional cells in only 20% of cases. Despite a small cohort, the 
percentage obtained is in line with more recent studies. Røge et al. based on 109 patients 
with different RCC types reported CD15 expression in approximately 80% of cases, 
while Ordóñez et al. in 63% of 48 patients [68,69]. RCC cells were shown to express 
CD15 varying to subtype. Pan et al. reported such results based on the biggest cohort so 
far (328 cases) [70]. CD15 expression was found on 62% of clear cell RCC (ccRCC), 41% 
of papillary RCC and 11% of chromophobe RCC. The results were similar to findings of 
López et al. (130 cases), who demonstrated the expression in 60% of ccRCC, 56% of pa-
pillary RCC and 0% of chromophobe RCC [71]. The presented values seem to be lower 
than CD15 expression in RCC overall. Nevertheless, the difference may be made up by 
more recent results - Røge et al. found CD15-positive cells in 77% of ccRCC and 85% of 
papillary RCC (there were only 13 papillary RCC cases), while Wu et al. reported the 
expression in 246/301 (82%) of ccRCC cases [68,72]. Several studies also found CD15 an-
tigens on the proximal tubules of normal kidneys [67,72,73]. The CD15 expression on 
RCC cells may have clinical value itself. CD15 is considered as one of the best markers to 
distinguish between RCC lung or pleura metastasis and mesothelioma, two malignan-
cies presenting a wide variety of morphological patterns, confusing clinicians [69]. How-
ever, the conclusion is inconsistent with the previously cited Cordon-Cardo et al. find-
ings of CD15 overexpression in metastatic tumours and needs further analysis [67]. Re-
cently, CD15 prognostic value in ccRCC was demonstrated based on the biggest sample 
size so far [72]. Authors associated loss of CD15 expression with lymphatic invasion, 
vascular invasion, necrosis, higher tumour grade, and a reduction of the 5-year overall 
survival rate from 37% to 26%. It was speculated that loss of CD15 expression indicates a 
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poorer prognosis due to decreased ccRCC cell differentiation. In conclusion, CD15 ex-
pression is a good prognostic factor in ccRCC, although more data is needed to get con-
vincing findings.   

The influence of CD15s on prognosis in RCC is debatable and so far, presented results 
were contradictory at first glance. Nevertheless, the authors were in line with CD15s 
overexpression in RCC. Koga et al. investigated the metastatic potential of RCC by intra-
venously injecting mice with four lines of human RCC cells [74]. One line had a signifi-
cantly higher ability to produce pulmonary metastatic nodules, while the rest produced 
either few or no metastatic nodules. A flow cytometric analysis revealed that only this 
cell line demonstrated high CD15s expression. This finding indicates that CD15s possi-
bly plays a critical role in the hematogenic metastasis of RCC. However, in the first trial 
on the human cohort, Fukushi et al. found CD15s expression as the factor of good prog-
nosis [35]. The authors of this study used FH6 monoclonal antibodies for CD15s detec-
tion. The interaction was positive in 47% of RCC samples. On the other hand, Tozawa et 
al., who used CSLEX1 monoclonal antibody for CD15s detection, demonstrated CD15s 
expression to be the factor of poor prognosis [75]. The expression overall was found in 
100% of examined cases, but higher expression intensity was correlated with higher tu-
mour stage and grade, lymph node invasion, vascular invasion, metastasis and shorter 
tumour-free survival. In the most recent study, Kobayashi et al. used both FH6 and 
CSLEX1 monoclonal antibodies to explore the capacity of expression of CD15s antigen 
as a predictor of prognosis in 52 RCC cases [76]. The expression was positive for FH6 
and CSLEX1 monoclonal antibodies in 54% (28/52) and 71% (37/52) of specimens, respec-
tively. The expression status of CD15s in total did not impact disease progression or 
overall survival rate. However, CD15s antigens recognized using FH6 and those using 
CSLEX1 seemed to negatively affect disease progression and prognosis. Those detected 
by FH6 were suggested as the good prognosis factor, while by CSLEX1 as the poor prog-
nosis factor. The authors concluded that the combined use of FH6 and CSLEX1 monoclo-
nal antibodies is a powerful predictor of patients with unfavourable prognosis – those 
with CD15s expression of low FH6 and high CSLEX1. These monoclonal antibodies were 
found to react with different glycolipids. Moreover, it was shown that the sugar deter-
minant of CD15s varies depending on the tissue origin. Therefore, it might be the expla-
nation why the interaction between CD15s sugar determinant of RCC and theoretically 
two CD15s-specific monoclonal antibodies were different and why the results of the 
aforementioned studies were initially opposite. However, more studies about the role of 
both CD15 and CD15s are required.   

4. Experimental medicine involving CD15 

Due to the important role of the CD15 in cancer metastasis, the molecule is nowadays 
considered as a potential target for cancer immunotherapy. Various drugs try to modu-
late both the expression of CD15 and E-selectin to disallow for the cell adhesion to the 
endothelium and prevent the metastatic process.  

Several cancers have demonstrated the expression of CD15. These include papillary thy-
roid carcinoma, Hodgkin’s lymphoma, non-small-cell lung cancer, oral cancer, glioma 
and breast cancer. Each neoplasm differed in the expression of the antigen and thus the 
prognosis for the patient and the response to the therapy.  

For the first time in 2019 was provided that the expression of CD15, which is one of the 
cancer stem cells markers is associated with patient prognosis in papillary thyroid carci-
noma (PTC). There was conducted immunohistochemical staining of CSC markers in 
constructed tissue microarrays from PTC samples. The obtained results show that CD15 
expression is associated with shorter progression-free survival (PFS) [77].  
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Great example was presented by Elola et al., who showed a promising attempt of pre-
venting breast cancer cells metastasis by targeting the interaction between CD15 and 
adhesion molecules on endothelial cells [17]. The authors incubated MCF-7 breast cancer 
cells with HUVEC cells and analyzed the interaction of both cell types following the in-
cubation with mAbs against CD15. They revealed that mAbs might lyse the interaction 
between the cells and thus prevent from the spreading of cancer cells through the ves-
sels. Based on the in vitro research, the authors proposed a model for preventing cancer 
metastasis by targeting CD15 [17]. 5% of patients with breast cancer (BC) suffer from 
infiltration of the leptomeninges by metastatic carcinoma also known as leptomeningeal 
carcinomatosis [78]. Circulating tumour cells (CTCs) appear in the blood as well as in 
cerebral spinal fluid (CSF) patients with breast cancer (BC) leptomeningeal metastasis 
(LM) [79]. In the 2017 experiment, CSF samples from patients with BCLM were analyzed 
using flow cytometry. For the first time, there was demonstrated CD15 overexpression 
in CSF cancer floating cells. It allows concluding CD15 as a potential prognostic bi-
omarker of risk breast cancer metastasis, poor prognosis and tumour recurrence [80]. 
Another research was conducted on MCF-7 cell line in subject of the anticancer therapy 
using the IgM mAbs. Mordoh et al. proved that FC-2.15 mAbs against CD15 mediate the 
complement cytotoxicity against tumor and reduces the clonogenic capacity. Besides, the 
studies showed the selectivity of the antibodies against cancer cells with no effect on the 
normal bone marrow cells [48]. Besides, in human lung adenocarcinoma cells, CD15s are 
involved in the adhesion process and by targeting the antigen we might decrease the 
metastatic potential of the cells [21]. Tozawa et al. found an interesting side effect of ci-
metidine for patients suffering from RCC. Namely, the drug suppresses the expression 
of E-selectin on vascular endothelial cells, thus disallowing the adhesion and migration 
of cancer cells. The study suggests, that cimetidine may inhibit the metastatic process in 
patients with RCC [75]. Jiang et al. proved that the adhesion of the gastric cancer cells to 
endothelium may be inhibited by andrographolide. The molecule blocks E-selectin ex-
pression and thus disallows for adhesion via the CD15-E-selectin contact. When cells 
treated with andrographolide are preincubated with E-selectin and CD15, the effect of 
the andrographolide nullifies [81]. Moreover, S-nitrosocaptopril (CapNO) inhibits CD15s 
expression in HT29 cell line. Lu et al. proved that the drug may be used for cancer meta-
static chemoprevention [82].  

Androgen deprivation therapy (ADT) acts on CD15 antigen via the modulation of an-
drogen receptors. The latter regulates the biosynthesis of associated glycans, such as si-
alyl-Tn, CD15, chondroitin sulfate and O-GlcNAc. Therefore, Munkley proved that ADT 
induces the modification of prostate cancer traits related to glycans on their cell mem-
branes [65].  

Proper diagnosis of Hodgkin’s lymphoma involves the identification of Reed-Sternberg 
cells (RSC) in biopsy specimens. They are located in a rich background composed of cells 
such as lymphocytes, eosinophils, and histiocytes, which make them difficult to find 
[83]. CD15 can be used for the fine-needle aspiration cytology (FNAC) identification of 
RSC. Cytopathological expression of CD15 occurs in 66,7% of cases. In addition, CD15 
resulted to be more effective on smears and cell blocks [84]. CD15 can also be detected as 
being stained using autoclave and microwave. The positivity in the microwave test is 
92% and in an autoclave is 50% [85]. Anti-CD15 antibodies were also introduced in the 
therapy of AML in Phase I clinical trial [86]. 

Approximately 85% of patients with lung cancer have non-small-cell lung cancer 
(NSCLC) and 20-40% of these patients can develop brain metastasis [87,88]. There was 
proven using three different methods and four human cancer lines that fucosylated car-
bohydrate epitopes CD15 and sialylated CD15s have a role in the developing brain tu-
mour. Disruption of cerebral endothelial cell monolayers and cancer cells adhesion to 
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the cerebral endothelial cells is increased by overexpression of these epitopes. These 
findings demonstrate that these epitopes can be possibly used as metastasis biomarkers 
[89].  

Oxidized low-density lipoprotein (OxLDL) is in control of endothelial cells and macro-
phage foam cells. The main OxLDL receptor is the lectin-like oxidized low-density lipo-
protein receptor-1 (LOX-1) [90]. Human polymorphonuclear-myeloid derived suppres-
sor cells (PMN-MDSCs), which are involved in NSCLC progression, can be determined 
by LOX-1. Recently it was found that LOX-1+ CD15+ PMN-MDSCs increase immune 
suppression and promote tumour expression. LOX-1+ CD15+ PMN-MDSCs can be use-
ful in prognosis and recurrence after the surgery. LOX-1+ CD15+ PMN-MDSCs propor-
tion enhances in the case of NSCLC and recurrence. All these findings were detected 
using flow cytometry in the peripheral blood of patients with NSCLC and health con-
trols [91].  

Myeloid-derived suppressor cells (MDSC) were first described in 2007. They are a con-
gregation of pathological myeloid precursors, activated due to a chronic inflammation 
caused by a growing tumour. MDSCs protect the tumour against the host immune sys-
tem providing the suitable condition for its growth [92,93]. CD15+ MDSC is present in 
the tissue of oral cancer. Immunohistochemistry analysis of biopsy and resected speci-
mens proved that decreasing its number due to preoperative chemotherapy can improve 
the prognosis [94].   

Gliomas are the most common malignant primary tumours of the brain and spinal cord, 
stay mostly mortal. The experiment conducted in 2021 proves that differentiated glioma 
cells with high expression of CD15 in conditions of hypoxia undergo dedifferentiation 
into cancer stem cells. This study shows that CD15 can be a potential marker of malig-
nant glioma progression [95].  

5. Clinical trials targeting CD15 

Several clinical trials revealed the expression of the CD15 molecule in pathology condi-
tions. Antibody-based therapies analyze the changes in CD15 molecule on various can-
cer cells. These include metastatic RCC, non-small cell lung cancer, MDS, ALL, AML, 
melanoma and colon cancer. Non-cancerous conditions include pulmonary embolism 
and deep vein thrombosis. All the clinical trials are summarized in table 1. 

Table 1. Clinical trials involving CD15 molecule 

Patients 
Number 

 

Condition 
or disease 

Therapy 
Protocol 

 

Target anti-
gen 

 

Short Description 
 

Recruit-
ment Sta-

tus 

Ref. 
 

40 Metastatic 
Renal Cell 

Carcinoma,  
Renal Cell 
Carcinoma 
Associated 

With Xp11.2 
Transloca-
tions/TFE3 

cdDrug: 
Axitinib 

Biological: 
Nivoluma

b 

CD15, CD45, 
CD11b, 

CD33, CD14, 
HLA-DR, 
CE4, CD3, 

CD24, FoxP3, 
CD8, CD69, 
CD38, PD1, 

Axitinib/Nivolumab 
Combination Ther-

apy vs. Single Agent 
Nivolumab for the 

Treatment of 
TFE/Translocation 
Renal Cell Carci-

noma (tRCC) Across 
All Age Groups 

Suspended 
(Other - 
Assess 

strategies 
to improve 

accrual 
rate) 

NCT035951
24 
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Gene Fu-
sions, 

 Stage III 
Renal Cell 

Cancer 
AJCC v8, 
 Stage IV 
Renal Cell 

Cancer 
AJCC v8,  
Unresec-

table Renal 
Cell Carci-

noma 

CD244, TIM3, 
CD4 

350 
 

Non-small 
Cell Lung 

Cancer 
 

Drug: 
pembroli-
zumab + 
chemo-
therapy 

CD15,PD-L1, 
CD8, FoxP3, 
PD1, CD163,  

Prediction of Re-
sponse to Treatment 

with pembroli-
zumab + Chemo-
therapy in Non-
Small Cell Lung 

Cancer 

Recruiting NCT045890
13 

18 Deep Vein 
Thrombosis, 
Pulmonary 
Embolism,  

Cancer 

Drug: Tin-
zaparin 

 

CD15, CD24,  
CA19-9, TF, 
VEGF, TEPI 

Thromboprophy-
laxis for Patients Un-

dergoing Surgical 
Resection for Colon 
Cancer (PERI-OP) 

 

Completed NCT009671
48 

20 Myelodys-
plastic Syn-

dromes, 
MDS/MPN 
Crossover 

Syndromes 

Drug: 5-
azacyti-

dineDrug: 
Decita-

bine 

CD15, 
CD11b, CD14  

5-Azacitidine and 
Decitabine Epige-
netic Therapy for 

Myeloid Malignan-
cies 

 
 

Recruiting NCT041877
03 
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260  
Acute Mye-
loid Leuke-

mia, 
Acute Lym-
phoblastic 
Leukemia, 
Myelodys-
plastic Syn-

drome 

AlloHeme 
Test (AC-
ROBAT) 

CD15+, 
CD3+, 

CD33+, 
CD34+ 

Assessment of 
Chimerism and Re-

lapse Post Bone Mar-
row/Hematopoietic 

Cell Transplant 
(HCT) Using Allo-
Heme Test (ACRO-

BAT) 
 

Not yet re-
cruiting 

NCT046353
84 

100 Colorectal 
Carcinoma 

Proce-
dure: 

Fasting 
 

CD15, CD3 

CD4, CD8, 

CD19, 

CD45RA, 

CD62L, 

CD25, 

CD127, 

CD14, CD16, 

CD56, CD11b 

Short-term Fasting 

Effects on Chemo-

therapy Toxicity and 

Efficacy 

Enrolling 
by invita-

tion 

NCT042474
64 

116 Acute Mye-
loid Leuke-

mia 
 

Drug: 

Trans-

plants 

from 8/8-

matched 

Unrelated 

donors 

Drug: 

Trans-

plants 

from fam-

ily-mis-

matched/

hap-

loidentical 

donors 

CD15, CD33, 

CD3 

Transplantation 

From Family-mis-

matched/Haploiden-

tical Donors With 

Matched Unrelated 

Donors in Adult Pa-

tients With Acute 

Myeloid Leukemia 

Unknown NCT017519
97 

47 Advanced 
Melanoma, 
Recurrent 

Melanoma, 

Biological: 

Pembroli-

zumab 

CD15, PD-L1, 

PD-1, CD80, 

CD86, FoxP3, 

CD68,PG-M1, 

DAKO, 

Talimogene La-

herparepvec (T-

VEC) (NSC-785349) 

and MK-3475 (Pem-

brolizumab) (NSC-

Active, not 
recruiting 

NCT029657
16 
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Stage III Cu-
taneous 

Melanoma 
AJCC v7, 
Stage IIIA 
Cutaneous 
Melanoma 
AJCC v7, 
Stage IIIB 

Cutaneous 
Melanoma 
AJCC v7, 
Stage IIIC 
Cutaneous 
Melanoma 
AJCC v7, 

Stage IV Cu-
taneous 

Melanoma 
AJCC v6 
and v7, 

Unresec-
table Mela-

noma 

Biological: 

Tali-

mogene 

La-

herparepv

ec 

CD14 776864) in Patients 

With Advanced Mel-

anoma Who Have 

Progressed on Anti-

PD1/L1 Based Ther-

apy 

200 Renal Cell 
Carcinoma,  
Clear-cell 
Metastatic 
Renal Cell 
Carcinoma 

Biological: 
Nivoluma

b/Ipili-
mumab 

 

CD15, HLA-
DR, CD11b, 

CD14, CD33,  
FoxP3, CD25, 

CD45RA, 
CD127, slan, 

CD1c, CD11c, 
CD123, 
CD141, 

CD303, ICOS, 
PD-1, PD-L1, 

CTLA-4, 
CD27, CD28, 

CD45RA, 
CD45RO, 

CD57, CD95, 
CD69, CD25,   

CD107a, 

Tailored Immuno-
Therapy Approach 
With Nivolumab in 
Subjects With Meta-
static or Advanced 
Renal Cell Carci-

noma (TITAN-RCC) 

 
 

Active, not 
recruiting 

NCT029177
72 
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TNF- α, IL-
4, IL 17, IL-

10, 

 

6. Summary 

CD15 proved itself to be a potent target for renal cancer therapy. By acting on both – cancer 
cells and immune myeloid-derived cells, the clinicians may obtain a higher response to 
the therapy and induce the changes in the tumor microenvironment that would not pro-
mote cancer growth and progression. Current urological attempts should aim to improve 
the clinical application of the anti-CD15 therapy and analyze the safety of the therapy. 
Otherwise, targeting CD15 and CD15s seemss to be an interesting treatment option, which 
is proved by successive experimental and clinical studies progress.  

Author Contributions: Conceptualization, W.S. and B.M.; validation, N.S., K.W., K.G.-K. and A.G.; 
formal analysis, W.S., N.S., K.W., K.G.-K. and A.G.; data curation, W.S., N.S., K.W., K.G.-K. and 
A.G.; writing—original draft preparation, W.S., N.S., K.W., K.G.-K. and A.G.; writing—review and 
editing, J.K.; visualization, N.S.; supervision, J.S., T.S., J.K. and B.M.; project administration, B.M.; 
funding acquisition, J.K. and B.M. All authors have read and agreed to the published version of the 
manuscript. 

Data Availability Statement: Not applicable 

Acknowledgments: The authors would like to acknowledge the project of the Polish Ministry of 
Education and Science according to number SKN/SP/496717/2021, partially the Department of Mo-
lecular and Cellular Biology no. SUB.D260. 22.016 and partially the University Center of Excellence 
in Urology, Department of Minimally Invasive and Robotic Urology no. SUB.C090.21.045.  

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1.  Klassen, H.J. Neural Flow Cytometry – A Historical Account from a Personal Per-
spective. Neural Surf. Antigens From Basic Biol. Towar. Biomed. Appl. 2015, 167–173, 
doi:10.1016/B978-0-12-800781-5.00014-1. 

2.  Martin, A.W. Immunohistology of Non-Hodgkin Lymphoma. Diagnostic Immuno-
histochem. 2011, 156–188, doi:10.1016/B978-1-4160-5766-6.00010-8. 

3.  Bhargava, P.; Kadin, M.E. Immunohistology of Hodgkin Lymphoma. Diagnostic 
Immunohistochem. 2011, 137–155, doi:10.1016/B978-1-4160-5766-6.00009-1. 

4.  Nakayama, F.; Nishihara, S.; Iwasaki, H.; Kudo, T.; Okubo, R.; Kaneko, M.; Naka-
mura, M.; Karube, M.; Sasaki, K.; Narimatsu, H. CD15 Expression in Mature Granulo-
cytes is Determined by α1,3-Fucosyltransferase IX, but in Promyelocytes and Monocytes 
by α1,3-Fucosyltransferase IV. J. Biol. Chem. 2001, 276, 16100–16106, 
doi:10.1074/JBC.M007272200. 

5.  Gadhoum, S.Z.; Sackstein, R. CD15 expression in human myeloid cell differentia-
tion is regulated by sialidase activity. 2008, 4, 751–757. 

6.  Capela, A.; Temple, S. LeX/ssea-1 is expressed by adult mouse CNS stem cells, 
identifying them as nonependymal. Neuron 2002, 35, 865–875, doi:10.1016/S0896-
6273(02)00835-8. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 March 2022                   doi:10.20944/preprints202203.0139.v1

https://doi.org/10.20944/preprints202203.0139.v1


 14 of 21 
 

 

7.  Chivukula, M.; Dabbs, D.J. Immunocytology. Diagnostic Immunohistochem. 2011, 
890–918, doi:10.1016/B978-1-4160-5766-6.00025-X. 

8.  Pilkington, G.; Jassam, S.; Maherally, Z.; Smith, J.; Fillmore, H. CD15 AND E-SE-
LECTIN MEDIATION OF ADHESION OF NON-SMALL CELL LUNG CANCER CELLS 
TO BRAIN ENDOTHELIUM IN LUNG-BRAIN METASTASIS. Neuro. Oncol. 2014, 16, 
v26–v26, doi:10.1093/neuonc/nou240.26. 

9.  Silva, M.; Videira, P.A.; Sackstein, R. E-selectin ligands in the human mononuclear 
phagocyte system: Implications for infection, inflammation, and immunotherapy. Front. 
Immunol. 2018, 8, 1878, doi:10.3389/FIMMU.2017.01878/BIBTEX. 

10.  Brazil, J.C.; Sumagin, R.; Cummings, R.D.; Louis, N.A.; Parkos, C.A. Targeting of 
Neutrophil Lewis X Blocks Transepithelial Migration and Increases Phagocytosis and 
Degranulation. Am. J. Pathol. 2016, 186, 297–311, doi:10.1016/J.AJPATH.2015.10.015. 

11.  Laferrière, J.; Houle, F.; Huot, J. Regulation of the Metastatic Process by E-Selectin 
and Stress-Activated Protein Kinase-2/p38. Ann. N. Y. Acad. Sci. 2002, 973, 562–572, 
doi:10.1111/J.1749-6632.2002.TB04702.X. 

12.  Gadhoum, S.Z.; Sackstein, R. CD15 expression in human myeloid cell differentia-
tion is regulated by sialidase activity. Nat. Chem. Biol. 2008 412 2008, 4, 751–757, 
doi:10.1038/nchembio.116. 

13.  Payen, E.; Colomb, C.; Negre, O.; Beuzard, Y.; Hehir, K.; Leboulch, P. Lentivirus 
Vectors in β-Thalassemia. Methods Enzymol. 2012, 507, 109–124, doi:10.1016/B978-0-12-
386509-0.00006-5. 

14.  Ashwell, K.W.S.; Mai, J.K. Fetal Development of the Central Nervous System. 
Hum. Nerv. Syst. 2012, 31–79, doi:10.1016/B978-0-12-374236-0.10003-3. 

15.  Dabelsteen, E. CELL SURFACE CARBOHYDRATES AS PROGNOSTIC MARKERS 
IN HUMAN CARCINOMAS. J. Pathol. 1996, 179, 358–369, doi:10.1002/(SICI)1096-
9896(199608)179:4. 

16.  Sell, S. Cancer-associated carbohydrates identified by monoclonal antibodies. Hum. 
Pathol. 1990, 21, 1003–1019, doi:10.1016/0046-8177(90)90250-9. 

17.  Elola, M.T.; Capurro, M.I.; Barrio, M.M.; Coombs, P.J.; Taylor, M.E.; Drickamer, K.; 
Mordoh, J. Lewis x Antigen Mediates Adhesion of Human Breast Carcinoma Cells to 
Activated Endothelium. Possible Involvement of the Endothelial Scavenger Receptor C-
type Lectin. Breast Cancer Res. Treat. 2006 1012 2006, 101, 161–174, doi:10.1007/S10549-
006-9286-9. 

18.  Ohana-Malka, O.; Benharroch, D.; Isakov, N.; Prinsloo, I.; Shubinsky, G.; Sacks, M.; 
Gopas, J. Selectins and anti-CD15 (Lewis x/a) antibodies transmit activation signals in 
Hodgkin’s lymphoma-derived cell lines. Exp. Hematol. 2003, 31, 1057–1065, 
doi:10.1016/S0301-472X(03)00237-6. 

19.  Fukushima, K. Expression of Lewis(x), sialylated Lewis(x), Lewis(a), and sialylated 
Lewis(a) antigens in human lung carcinoma. Tohoku J. Exp. Med. 1991, 163, 17–30, 
doi:10.1620/TJEM.163.17. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 March 2022                   doi:10.20944/preprints202203.0139.v1

https://doi.org/10.20944/preprints202203.0139.v1


 15 of 21 
 

 

20.  Shi, Z.R.; McIntyre, L.J.; Knowles, B.B.; Solter, D.; Kim, Y.S. Expression of a Carbo-
hydrate Differentiation Antigen, Stage-specific Embryonic Antigen 1, in Human Colonic 
Adenocarcinoma. Cancer Res. 1984, 44. 

21.  Martín-Satué, M.; Marrugat, R.; Cancelas, J.A.; Blanco, J. Enhanced expression of 
alpha(1,3)-fucosyltransferase genes correlates with  E-selectin-mediated adhesion and 
metastatic potential of human lung adenocarcinoma cells. Cancer Res. 1998, 58, 1544–
1550. 

22.  Takada, A.; Ohmori, K.; Yoneda, T.; Tsuyuoka, K.; Hasegawa, A.; Kiso, M.; Kan-
nagi, R. Contribution of Carbohydrate Antigens Sialyl Lewis A and Sialyl Lewis X to 
Adhesion of Human Cancer Cells to Vascular Endothelium. Cancer Res. 1993, 53. 

23.  Numahata, K.; Satoh, M.; Handa, K.; Saito, S.; Ohyama, C.; Ito, A.; Takahashi, T.; 
Hoshi, S.; Orikasa, S.; Hakomori, S.I. Sialosyl-Le(x) expression defines invasive and met-
astatic properties of bladder carcinoma. Cancer 2002, 94, 673–685, 
doi:10.1002/CNCR.10268. 

24.  Ohyama, C.; Tsuboi, S.; Fukuda, M. Dual roles of sialyl Lewis X oligosaccharides in 
tumor metastasis and rejection by natural killer cells. EMBO J. 1999, 18, 1516–1525, 
doi:10.1093/EMBOJ/18.6.1516. 

25.  Irimura, T. Cancer metastasis determined by carbohydrate-mediated cell adhesion. 
Adv. Exp. Med. Biol. 1994, 353, 27–34, doi:10.1007/978-1-4615-2443-4_4. 

26.  Patel, T.P.; Goelz, S.E.; Lobb, R.R.; Parekh, R.B. Isolation and characterization of 
natural protein-associated carbohydrate ligands for E-selectin. Biochemistry 1994, 33, 
14815–14824, doi:10.1021/BI00253A021. 

27.  Mitsuoka, C.; Kawakami-Kimura, N.; Kasugai-Sawada, M.; Hiraiwa, N.; Toda, K.; 
Ishida, H.; Kiso, M.; Hasegawa, A.; Kannagi, R. Sulfated sialyl Lewis X, the putative L-
selectin ligand, detected on endothelial cells of high endothelial venules by a distinct set 
of anti-sialyl Lewis X antibodies. Biochem. Biophys. Res. Commun. 1997, 230, 546–551, 
doi:10.1006/BBRC.1996.6012. 

28.  Okamoto, T.; Yoneyama, M.S.; Hatakeyama, S.; Mori, K.; Yamamoto, H.; Koie, T.; 
Saitoh, H.; Yamaya, K.; Funyu, T.; Fukuda, M.; et al. Core2 O-glycan-expressing prostate 
cancer cells are resistant to NK cell immunity. Mol. Med. Rep. 2013, 7, 359–364, 
doi:10.3892/MMR.2012.1189. 

29.  Nakagoe, T.; Fukushima, K.; Sawai, T.; Tsuji, T.; Jibiki, M. aki; Nanashima, A.; 
Tanaka, K.; Yamaguchi, H.; Yasutake, T.; Ayabe, H.; et al. Increased expression of sialyl 
Lewis(x) antigen as a prognostic factor in patients with stage 0, I, and II gastric cancer. 
Cancer Lett. 2002, 175, 213–221, doi:10.1016/S0304-3835(01)00705-4. 

30.  Futamura, N.; Nakamura, S.; Tatematsu, M.; Yamamura, Y.; Kannagi, R.; Hirose, H. 
Clinicopathologic significance of sialyl Le xexpression in advanced gastric carcinoma. 
Br. J. Cancer 2000 8312 2000, 83, 1681–1687, doi:10.1054/bjoc.2000.1484. 

31.  Torrado, J.; Plummer, M.; Vivas, J.; Garay, J.; Lopez, G.; Peraza, S.; Carillo, E.; Oli-
ver, W.; Muñoz, N. Lewis Antigen Alterations in a Population at High Risk of Stomach 
Cancer. Cancer Epidemiol. Prev. Biomarkers 2000, 9. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 March 2022                   doi:10.20944/preprints202203.0139.v1

https://doi.org/10.20944/preprints202203.0139.v1


 16 of 21 
 

 

32.  Engel, U.; McCombs, R.; Stranahan, P.; Pettijohn, D.; Hage, E. Decrease in Le(x) ex-
pression in esophageal adenocarcinomas arising in Barrett’s epithelium. Cancer Epi-
demiol. Prev. Biomarkers 1997, 6. 

33.  Faried, A.; Kimura, H.; Faried, L.S.; Usman, N.; Miyazaki, T.; Kato, H.; Yazawa, S.; 
Kuwano, H. Expression of carbohydrate antigens in human esophageal squamous cell 
carcinoma: prognostic application and its diagnostic implications. Ann. Surg. Oncol. 
2007, 14, 960–967, doi:10.1245/S10434-006-9200-Z. 

34.  Nakamori, S.; Kameyama, M.; Imaoka, S.; Furukawa, H.; Ishikawa, O.; Sasaki, Y.; 
Kabuto, T.; Iwanaga, T.; Matsushita, Y.; Irimura, T. Increased Expression of Sialyl Lewisx 
Antigen Correlates with Poor Survival in Patients with Colorectal Carcinoma: Clinico-
pathological and Immunohistochemical Study. Cancer Res. 1993, 53. 

35.  Fukushi, Y.; Ohtani, H.; Orikasa, S. Expression of Lacto Series Type 2 Antigens in 
Human Renal Cell Carcinoma and Its Clinical Significance. JNCI J. Natl. Cancer Inst. 
1989, 81, 352–358, doi:10.1093/JNCI/81.5.352. 

36.  Grabowski, P.; Mann, B.; Mansmann, U.; Lo¨vin, N.; Lo¨vin, L.; Foss, H.-D.; Berger, 
G.; Scheru¨bl, H.; Scheru¨bl, S.; Riecken, E.-O.; et al. EXPRESSION OF SIALYL-Le X AN-
TIGEN DEFINED BY MAb AM-3 IS AN INDEPENDENT PROGNOSTIC MARKER IN 
COLORECTAL CARCINOMA PATIENTS. J. Cancer 2000, 88, 281–286, doi:10.1002/1097-
0215. 

37.  Schiffmann, L.; Schwarz, F.; Linnebacher, M.; Prall, F.; Pahnke, J.; Krentz, H.; 
Vollmar, B.; Klar, E. A novel sialyl LeX expression score as a potential prognostic tool in 
colorectal cancer. World J. Surg. Oncol. 2012, 10, 1–6, doi:10.1186/1477-7819-10-95/TA-
BLES/2. 

38.  Portela, S.V.; Martín, C.V.; Romay, L.M.; Cuevas, E.; Martín, E.G.; Briera, A.F. sLea 
and sLex expression in colorectal cancer: implications for tumourigenesis and disease 
prognosis. Histol. Histopathol. 2011, 26, 1305–1316, doi:10.14670/HH-26.1305. 

39.  Jang, T.J.; Park, J.B.; Lee, J.I. The Expression of CD10 and CD15 Is Progressively 
Increased during Colorectal Cancer Development. Korean J. Pathol. 2013, 47, 340–347, 
doi:10.4132/KOREANJPATHOL.2013.47.4.340. 

40.  Yang, S. lan; Luo, Y. ying; Chen, M.; Zhou, Y. ping; Lu, F. rong; Deng, D. fang; Wu, 
Y. ran A systematic review and meta-analysis comparing the prognosis of multicentric 
occurrence and vs. intrahepatic metastasis in patients with recurrent hepatocellular car-
cinoma after hepatectomy. HPB (Oxford). 2017, 19, 835–842, 
doi:10.1016/J.HPB.2017.06.002. 

41.  Torii, A.; Nakayama, A.; Harada, A.; Nakao, A.; Nonami, T.; Sakamoto, J.; 
Watanabe, T.; Lto, M.; Takagi, H. Expression of the C D I 5 Antigen in Hepatocellular 
Carcinoma., doi:10.1002/1097-0142(19930615)71:12. 

42.  Fujiwara, Y.; Shimada, M.; Takenaka, K.; Kajiyama, K.; Shirabe, K.; Sugimachi, K. 
The Sialyl Lewis X expression in hepatocarcinogenesis: potential predictor for the  
emergence of hepatocellular carcinoma. Hepatogastroenterology. 2002, 49, 213–217. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 March 2022                   doi:10.20944/preprints202203.0139.v1

https://doi.org/10.20944/preprints202203.0139.v1


 17 of 21 
 

 

43.  Okada, Y.; In-No, K.]; Ikeda, H.; Sakai, N.; Sotozono, M.-A.; Yonei, T.; Nakanishi, S.; 
Moriwaki, S.; Tsuji, T. Changes in the Expression of Sialyl-Lewisx, a Hepatic Necroin-
flammation-Associated Carbohydrate Neoantigen, in Human Hepatocellular Carcino-
mas., doi:10.1002/1097-0142(19940401)73:7. 

44.  Walter, D.; Herrmann, E.; Winkelmann, R.; Albert, J.G.; Liese, J.; Schnitzbauer, A.; 
Zeuzem, S.; Hansmann, M.L.; Peveling-Oberhag, J.; Hartmann, S. Role of CD15 expres-
sion in dysplastic and neoplastic tissue of the bile duct – a potential novel tool for differ-
ential diagnosis of indeterminate biliary stricture. Histopathology 2016, 69, 962–970, 
doi:10.1111/HIS.13041. 

45.  Kashiwagi, H.; Kijima, H.; Dowaki, S.; Ohtani, Y.; Tobita, K.; Yamazaki, H.; Naka-
mura, M.; Ueyama, Y.; Tanaka, M.; Inokuchi, S.; et al. Clinicopathological significance of 
sialyl Lex expression in human gallbladder carcinoma. Oncol. Rep. 2004, 11, 1139–1143, 
doi:10.3892/OR.11.6.1139/HTML. 

46.  Comin, C.E.; Novelli, L.; Boddi, V.; Paglierani, M.; Dini, S. Calretinin, thrombomod-
ulin, CEA, and CD15: A useful combination of immunohistochemical markers for differ-
entiating pleural epithelial mesothelioma from peripheral pulmonary adenocarcinoma. 
Hum. Pathol. 2001, 32, 529–536, doi:10.1053/HUPA.2001.24329. 

47.  Mizuguchi, S.; Inoue, K.; Iwata, T.; Nishida, T.; Izumi, N.; Tsukioka, T.; Nishiyama, 
N.; Uenishi, T.; Suehiro, S. High serum concentrations of Sialyl Lewisx predict multilevel 
N2 disease in non-small-cell lung cancer. Ann. Surg. Oncol. 2006, 13, 1010–1018, 
doi:10.1245/ASO.2006.05.018. 

48.  Mordoh, J.; Leis, S.; Bravo, A.I.; Podhajcer, O.L.; Ballare, C.; Capurro, M.; Kairi-
yama, C.; Bover, L. Description of a new monoclonal antibody, FC-2.15, reactive with 
human breast cancer  and other human neoplasias. Int. J. Biol. Markers 1994, 9, 125–134. 

49.  Croce, M.V. An Introduction to the Relationship Between Lewis x and Malignancy 
Mainly Related to Breast Cancer and Head Neck Squamous Cell Carcinoma (HNSCC). 
Cancer Invest. 2021, 1–11, doi:10.1080/07357907.2021.2016800. 

50.  Sozzani, P.; Arisio, R.; Porpiglia, M.; Benedetto, C. Is Sialyl Lewis x antigen expres-
sion a prognostic factor in patients with breast cancer? Int. J. Surg. Pathol. 2008, 16, 365–
374, doi:10.1177/1066896908324668. 

51.  Hsu, S.M.; Ho, Y.S.; Li, P.J.; Monheit, J.; Ree, H.J.; Sheibani, K.; Winberg, C.D. L&H 
variants of Reed-Sternberg cells express sialylated Leu M1 antigen. Am. J. Pathol. 1986, 
122, 199. 

52.  Benharroch, D.; Dima, E.; Levy, A.; Ohana-Malka, O.; Ariad, S.; Prinsloo, I.; Meji-
rovsky, E.; Sacks, M.; Gopas, J. Differential expression of sialyl and non-sialyl-CD15 anti-
gens on Hodgkin-Reed-Sternberg cells: significance in Hodgkin’s disease. Leuk. Lym-
phoma 2000, 39, 185–194, doi:10.3109/10428190009053553. 

53.  Von Wasielewski, R.; Mengel, M.; Fischer, R.; Hansmann, M.L.; Hübner, K.; Frank-
lin, J.; Tesch, H.; Paulus, U.; Werner, M.; Diehl, V.; et al. Classical Hodgkin’s disease. 
Clinical impact of the immunophenotype. Am. J. Pathol. 1997, 151, 1123. 

54.  Pileri, S.A.; Ascani, S.; Leoncini, L.; Sabattini, E.; Zinzani, P.L.; Piccaluga, P.P.; 
Pileri, A.; Giunti, M.; Falini, B.; Bolis, G.B.; et al. Hodgkin’s lymphoma: the pathologist’s 
viewpoint. J. Clin. Pathol. 2002, 55, 162–176, doi:10.1136/JCP.55.3.162. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 March 2022                   doi:10.20944/preprints202203.0139.v1

https://doi.org/10.20944/preprints202203.0139.v1


 18 of 21 
 

 

55.  Sheinfeld, J.; Reuter, V.E.; Sarkis, A.S.; Cordon‐Cardo, C. Blood group antigens in 
normal and neoplastic urothelium. J. Cell. Biochem. 1992, 50, 50–55, 
doi:10.1002/JCB.240501311. 

56.  Konety, B.R. Molecular markers in bladder cancer: A critical appraisal. Urol. Oncol. 
Semin. Orig. Investig. 2006, 24, 326–337, doi:10.1016/J.UROLONC.2005.11.023. 

57.  Ezeabikwa, B.; Mondal, N.; Antonopoulos, A.; Haslam, S.M.; Matsumoto, Y.; Mar-
tin-Caraballo, M.; Lehoux, S.; Mandalasi, M.; Ishaque, A.; Heimburg-Molinaro, J.; et al. 
Major differences in glycosylation and fucosyltransferase expression in low-grade versus 
high-grade bladder cancer cell lines. Glycobiology 2021, 31, 1444–1463, doi:10.1093/GLY-
COB/CWAB083. 

58.  Sagerman, P.M.; Saigo, P.E.; Sheinfeld, J.; Charitonowics, E.; Cordon-Cardo, C. En-
hanced detection of bladder cancer in urine cytology with Lewis X, M344 and 19A211  
antigens. Acta Cytol. 1994, 38, 517–523. 

59.  Golijanin, D.; Sherman, Y.; Shapiro, A.; Pode, D. Detection of bladder tumors by 
immunostaining of the Lewis X antigen in cells from voided urine. Urology 1995, 46, 
173–177, doi:10.1016/S0090-4295(99)80189-7. 

60.  Pode, D.; Golijanin, D.; Sherman, Y.; Lebensart, P.; Shapiro, A. Immunostaining of 
Lewis X in cells from voided urine, cytopathology and ultrasound for noninvasive detec-
tion of bladder tumors. J. Urol. 1998, 159, 389–393, doi:10.1016/S0022-5347(01)63928-4. 

61.  Friedrich, M.G.; Hellstern, A.; Hautmann, S.H.; Graefen, M.; Conrad, S.; Huland, E.; 
Huland, H. Clinical use of urinary markers for the detection and prognosis of bladder 
carcinoma: a comparison of immunocytology with monoclonal antibodies against Lewis 
X and 486p3/12 with the BTA STAT and NMP22 tests. J. Urol. 2002, 168, 470–474, 
doi:10.1016/S0022-5347(05)64660-5. 

62.  Van Rhijn, B.W.G.; Van Der Poel, H.G.; Van Der Kwast, T.H. Urine markers for 
bladder cancer surveillance: a systematic review. Eur. Urol. 2005, 47, 736–748, 
doi:10.1016/J.EURURO.2005.03.014. 

63.  Jørgensen, T.; Berner, A.; Kaalhus, O.; Tveter, K.J.; Danielsen, H.E.; Bryne, M. Up-
regulation of the oligosaccharide sialyl LewisX: a new prognostic parameter in  meta-
static prostate cancer. Cancer Res. 1995, 55, 1817–1819. 

64.  Mårtensson, S.; Bigler, S.A.; Brown, M.; Lange, P.H.; Brawer, M.K.; Hakomori, S. 
itiroh Sialyl-Lewis(x) and related carbohydrate antigens in the prostate. Hum. Pathol. 
1995, 26, 735–739, doi:10.1016/0046-8177(95)90220-1. 

65.  Munkley, J. Glycosylation is a global target for androgen control in prostate cancer 
cells. Endocr. Relat. Cancer 2017, 24, R49-S64, doi:10.1530/ERC-16-0569. 

66.  Liang, J.X.; Liang, Y.; Gao, W. Clinicopathological and prognostic significance of 
sialyl Lewis X overexpression in patients with cancer: a meta-analysis. Onco. Targets. 
Ther. 2016, 9, 3113–3125, doi:10.2147/OTT.S102389. 

67.  Cordon-Cardo, C.; Reuter, V.E.; Finstad, C.L.; Sheinfeld, J.; Lloyd, K.O.; Fair, W.R.; 
Melamed, M.R. Blood group-related antigens in human kidney: modulation of Lewis 
determinants in  renal cell carcinoma. Cancer Res. 1989, 49, 212–218. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 March 2022                   doi:10.20944/preprints202203.0139.v1

https://doi.org/10.20944/preprints202203.0139.v1


 19 of 21 
 

 

68.  Røge, R.; Nielsen, S.; Vyberg, M. Carb-3 is the superior anti-CD15 monoclonal anti-
body for immunohistochemistry. Appl. Immunohistochem. Mol. Morphol.  AIMM 
2014, 22, 449–458, doi:10.1097/PAI.0B013E318292B764. 

69.  Ordóñez, N.G. The diagnostic utility of immunohistochemistry in distinguishing 
between mesothelioma and renal cell carcinoma: a comparative study. Hum. Pathol. 
2004, 35, 697–710, doi:10.1016/J.HUMPATH.2003.11.013. 

70.  Pan, C.C.; Chen, P.C.H.; Ho, D.M.T. The diagnostic utility of MOC31, BerEP4, RCC 
marker and CD10 in the classification of renal cell carcinoma and renal oncocytoma: an 
immunohistochemical analysis of 328 cases. Histopathology 2004, 45, 452–459, 
doi:10.1111/J.1365-2559.2004.01962.X. 

71.  López, J.I.; Moreno, V.; García, H.; Antón, I.; Robles, A.; Oñate, J.M.; Baños, Á.; 
Escandón, J.; Ugalde, A. Renal cell carcinoma in young adults: a study of 130 cases and a 
review of previous series. Urol. Int. 2010, 84, 292–300, doi:10.1159/000288231. 

72.  Wu, C.Y.; Huo, J.P.; Zhang, X.K.; Zhang, Y.J.; Hu, W.M.; Yang, P.; Lu, J. Bin; Zhang, 
Z.L.; Cao, Y. Loss of CD15 expression in clear cell renal cell carcinoma is correlated with 
worse prognosis in Chinese patients. Jpn. J. Clin. Oncol. 2017, 47, 1182–1188, 
doi:10.1093/JJCO/HYX139. 

73.  Liebert, M.; Jaffe, R.; Taylor, R.J.; Ballou, B.T.; Solter, D.; Hakala, T.R. Detection of 
SSEA-1 on human renal tumors. Cancer 1987, 59, 1404–1408, doi:10.1002/1097-
0142(19870415)59:8<1404::aid-cncr2820590804>3.0.co;2-d. 

74.  Koga, H.; Naito, S.; Nakashima, M.; Hasegawa, S.; Watanabe, T.; Kumazawa, J. A 
flow cytometric analysis of the expression of adhesion molecules on human renal  cell 
carcinoma cells with different metastatic potentials. Eur. Urol. 1997, 31, 86–91, 
doi:10.1159/000474424. 

75.  Tozawa, K.; Okamoto, T.; Kawai, N.; Hashimoto, Y.; Hayashi, Y.; Kohri, K. Positive 
correlation between sialyl Lewis X expression and pathologic findings in renal cell carci-
noma. Kidney Int. 2005, 67, 1391–1396, doi:10.1111/J.1523-1755.2005.00216.X. 

76.  KOBAYASHI, M.; MORITA, T. Significant Expression Patterns of Lewis X-related 
Antigens as a Prognostic Predictor of Low-stage Renal Cell Carcinomas. Anticancer Res. 
2010, 30, 593 LP – 599. 

77.  Kim, H.M.; Koo, J.S. Immunohistochemical Analysis of Cancer Stem Cell Marker 
Expression in Papillary Thyroid Cancer. Front. Endocrinol. (Lausanne). 2019, 10, 523, 
doi:10.3389/FENDO.2019.00523/FULL. 

78.  Franzoi, M.A.; Hortobagyi, G.N. Leptomeningeal carcinomatosis in patients with 
breast cancer. Crit. Rev. Oncol. Hematol. 2019, 135, 85–94, doi:10.1016/J.CRITRE-
VONC.2019.01.020. 

79.  Bidard, F.C.; Proudhon, C.; Pierga, J.Y. Circulating tumor cells in breast cancer. 
Mol. Oncol. 2016, 10, 418, doi:10.1016/J.MOLONC.2016.01.001. 

80.  Cordone, I.; Masi, S.; Summa, V.; Carosi, M.; Vidiri, A.; Fabi, A.; Pasquale, A.; 
Conti, L.; Rosito, I.; Carapella, C.M.; et al. Overexpression of syndecan-1, MUC-1, and 
putative stem cell markers in breast cancer leptomeningeal metastasis: a cerebrospinal 
fluid flow cytometry study. Breast Cancer Res. 2017, 19, doi:10.1186/S13058-017-0827-4. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 March 2022                   doi:10.20944/preprints202203.0139.v1

https://doi.org/10.20944/preprints202203.0139.v1


 20 of 21 
 

 

81.  Jiang, C.-G.; Li, J.-B.; Liu, F.-R.; Wu, T.; Yu, M.; Xu, H.-M. Andrographolide inhibits 
the adhesion of gastric cancer cells to endothelial cells  by blocking E-selectin expres-
sion. Anticancer Res. 2007, 27, 2439–2447. 

82.  Lu, Y.; Lian, S.; Ye, Y.; Yu, T.; Liang, H.; Cheng, Y.; Xie, J.; Zhu, Y.; Xie, X.; Yu, S.; et 
al. S-Nitrosocaptopril prevents cancer metastasis in vivo by creating the hostile blood-
stream microenvironment against circulating tumor cells. Pharmacol. Res. 2019, 139, 
535–549, doi:10.1016/J.PHRS.2018.10.020. 

83.  Ansell, S.M. Hodgkin Lymphoma: Diagnosis and Treatment. Mayo Clin. Proc. 2015, 
90, 1574–1583, doi:10.1016/J.MAYOCP.2015.07.005. 

84.  Cozzolino, I.; Vitagliano, G.; Caputo, A.; Montella, M.; Franco, R.; Ciancia, G.; 
Selleri, C.; Zeppa, P. CD15, CD30, and PAX5 evaluation in Hodgkin’s lymphoma on 
fine-needle aspiration cytology samples. Diagn. Cytopathol. 2020, 48, 211–216, 
doi:10.1002/DC.24366. 

85.  Kosari, F.; Ghaffari, F. The Comparison Between Microwave and Autoclave as An-
tigen Retrieval Methods for Immunohistochemical Detection of CD15 and CD30 in 
Hodgkin’s Lymphoma. Iran. J. Pathol. 2018, 13, 390. 

86.  Ball, E.D.; Selvaggi, K.; Hurd, D.; Herzig, R.; Clark, L.; Malley, V.; Persichetti, J.; 
deMagelhaus-Silverman, M. Phase I clinical trial of serotherapy in patients with acute 
myeloid leukemia with  an immunoglobulin M monoclonal antibody to CD15. Clin. 
cancer Res.  an Off. J. Am. Assoc.  Cancer Res. 1995, 1, 965–972. 

87.  Molina, J.R.; Yang, P.; Cassivi, S.D.; Schild, S.E.; Adjei, A.A. Non-small cell lung 
cancer: epidemiology, risk factors, treatment, and survivorship. Mayo Clin. Proc. 2008, 
83, 584–594, doi:10.4065/83.5.584. 

88.  Rahmathulla, G.; Toms, S.A.; Weil, R.J. The molecular biology of brain metastasis. J. 
Oncol. 2012, 2012, doi:10.1155/2012/723541. 

89.  Jassam, S.A.; Maherally, Z.; Ashkan, K.; Pilkington, G.J.; Fillmore, H.L. Fucosyl-
transferase 4 and 7 mediates adhesion of non-small cell lung cancer cells to brain-de-
rived endothelial cells and results in modification of the blood-brain-barrier: in vitro in-
vestigation of CD15 and CD15s in lung-to-brain metastasis. J. Neurooncol. 2019, 143, 
405–415, doi:10.1007/S11060-019-03188-X. 

90.  Pirillo, A.; Norata, G.D.; Catapano, A.L. LOX-1, OxLDL, and Atherosclerosis. Medi-
ators Inflamm. 2013, 2013, 12, doi:10.1155/2013/152786. 

91.  Tian, X.; Wang, T.; Zheng, Q.; Tao, Y.; Dai, L.; Shen, H. Circulating CD15 + LOX-1 + 
PMN-MDSCs are a potential biomarker for the early diagnosis of non-small-cell lung 
cancer. Int. J. Clin. Pract. 2021, 75, doi:10.1111/IJCP.14317. 

92.  Zhou, J.; Nefedova, Y.; Lei, A.; Gabrilovich, D. Neutrophils and PMN-MDSC: Their 
biological role and interaction with stromal cells. Semin. Immunol. 2018, 35, 19–28, 
doi:10.1016/J.SMIM.2017.12.004. 

93.  Tesi, R.J. MDSC; the Most Important Cell You Have Never Heard Of. Trends Phar-
macol. Sci. 2019, 40, 4–7, doi:10.1016/J.TIPS.2018.10.008. 

94.  Seki-Soda, M.; Sano, T.; Ogawa, M.; Yokoo, S.; Oyama, T. CD15 + tumor infiltrating 
granulocytic cells can predict recurrence and their depletion is accompanied by good 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 March 2022                   doi:10.20944/preprints202203.0139.v1

https://doi.org/10.20944/preprints202203.0139.v1


 21 of 21 
 

 

responses to S-1 with oral cancer. Head Neck 2021, 43, 2457–2467, 
doi:10.1002/HED.26712. 

95.  Wang, P.; Gong, S.; Liao, B.; Pan, J.; Wang, J.; Zou, D.; Zhao, L.; Xiong, S.; Deng, Y.; 
Yan, Q.; et al. HIF1α/HIF2α induces glioma cell dedifferentiation into cancer stem cells 
through Sox2 under hypoxic conditions. J. Cancer 2022, 13, 1–14, doi:10.7150/JCA.54402. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 March 2022                   doi:10.20944/preprints202203.0139.v1

https://doi.org/10.20944/preprints202203.0139.v1

