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Simple Summary: Galectins are a family of lectins that function to recognize carbohydrate groups,
such as those on glycosylated proteins. Throughout tumor development, changes in the glycosylation
patterns of surface proteins occur, often varying as the disease progresses. We show increased
circulating levels of certain galectins in a biorepository of samples from patients with breast, colon,
and lung cancer. Patterns of overexpression in cancer relative to healthy controls were observed,
with galectins-1 and -3 increased in breast, colon, and lung cancer, while the level of galectin-7
was increased in breast and squamous cell lung cancer, and the level of galectin-9 was increased
in colon and lung cancer. No noticeable trends in galectin levels were observed between cancer
stages. These data suggest that dysregulation of galectins occurs early in oncogenesis. We also
identified histologic subsets in lung cancer for which further investigation of galectins may yield
useful diagnostic biomarkers.

Abstract: Galectins are proteins with high-affinity β-galactoside-binding sites that function in a
variety of signaling pathways through interactions with glycoproteins. The known contributions
of galectins-1, -3, -7, -8, and -9 to angiogenesis, metastasis, cell division, and evasion of immune
destruction led us to investigate the circulating levels of these galectins in cancer patients. This
study compares galectin concentrations by enzyme-linked immunosorbent assay (ELISA) from each
stage of breast, lung, and colon cancer. Galectins-1 and -7, which share a prototype structure, were
found to have statistically significant increases in breast and lung cancer. Of the tandem-repeat
galectins, galectin-8 showed no statistically significant change in these cancer types, but galectin-9 was
increased in colon and lung cancer. Galectin-3 is the only chimera-type galectin and was increased in
all stages of breast, colon, and lung cancer. In conclusion, there were significant differences in the
galectin levels in patients with these cancers compared with healthy controls, and galectin levels did
not significantly change from stage to stage. These findings suggest that further research on the roles
of galectins early in disease pathogenesis may lead to novel indications for galectin inhibitors.

Keywords: galectin; cancer; breast; lung; colon; ELISA; biorepository

1. Introduction

Galectins are a family of lectin proteins that have high-affinity β-galactoside-binding
sites. The galectins identified in humans to date share conserved homologous carbohydrate-
recognition domains (CRDs) but differ in tertiary structure [1]. There are three subgroups
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of galectins based on the number and configuration of CRDs. The prototype subgroup
is characterized by one CRD and includes galectins-1, -2, and -7. Galectin-3 is the sole
member of the chimeric subtype and is able to form pentamers that may contribute to
antiapoptotic signaling [2]. The last subtype contains the tandem-repeat galectins-4, -8,
-9, and -12, which have two CRDs. The variations in structure and additional isoforms
obtained from mRNA splicing confer unique functions based on binding capabilities. Some
of these physiological functions include immune system response and cell signaling for
division, migration, apoptosis, and autophagy [3].

Cancer is a leading health concern and is the second highest cause of death in the
United States. Three of the top cancers by incidence include breast, lung and bronchus,
and colorectal cancer [4]. Galectins participate in a variety of signaling pathways relevant
to these cancers. These cellular processes include apoptosis, angiogenesis, cell adhesion
(e.g., during metastasis), and immune response to cancer [5]. Different galectins have
been shown to have varying effects on oncogenesis. Galectins-1 and -3 have demonstrated
pro-neoplastic effects on tumor growth, angiogenesis, evasion of apoptosis, metastasis, and
suppressing T-cell activity in the tumor microenvironment [6–8]. Circulating galectin-3
specifically has been found to induce secretion of cytokines contributing to metastasis,
including interleukin-6 (IL-6), by endothelial cells [9]. The effects of the galectins can
differ, depending on the cancer type. For example, galectin-7 has been shown to promote
metastasis in breast cancer, but it is tumor suppressive in gastric cancer [10,11]. The effects
of galectin-8 are poorly understood, but it has been shown to possibly promote metastasis
of colon cancer by enhancing malignant cell adhesion to endothelium [12]. Specifically, a
study showed that galectin-8 (as well as galectins-2 and -4) contributes to the expression of
IL-6, a known promotor of cell adhesion, in serum samples from patients with breast and
colon cancer [13]. Alternatively, galectin-9 prevents access to endothelium and promotes
activation of natural killer cells [14,15]. Thus, galectins are significant in their roles in cancer
progression and metastasis both as stimulators and inhibitors.

Several studies have looked into galectin expression levels in neoplastic diseases
using immunohistochemistry (IHC) and enzyme-linked immunosorbent assays (ELISAs)
with varying goals. Some provide mechanistic explanations of the galectin’s roles in
cancer, such as tumor cell adhesion to endothelium and promotion of angiogenesis and
metastasis [15,16]. More clinically focused studies look into the ability to detect breast
cancer with galectins, monitor therapy response and tumor progression, serve as markers
for colorectal cancer, and further investigate galectins’ prognostic value [17–20]. For
example, a study investigating circulating galectins as colorectal cancer markers found
that galectin-1 was significantly increased in patients with colorectal cancer compared
with healthy controls. After surgical resection of the cancer, galectin-1 levels decreased
substantially, suggesting the use of galectin-1 as a potentially more reliable measure of
disease management [19]. However, many galectins, such as galectin-8, have not been
studied to the same extent as others. Thus far, there are no comprehensive clinical studies
on galectins, as most studies focus on one or two galectins in a specific disease type [21].

It has been noted that the use of different methods among different studies has made
comparisons of findings difficult [21]. Thus, a singular, wider scope analysis is needed. This
study reports the average levels of five circulating galectins in patient samples organized
by stage in three types of cancer (breast, colon, and lung), which is a novel approach to
comparing galectin data. This method allows for the creation of a comprehensive galectin
profile in cancer patients. Galectins-1, -3, and -9 were selected due to their known roles in
cancer and provide representation of each galectin subtype. Galectins-7 and -8 were also
included due to their understudied status.

Currently, work is underway to use galectins as biomarkers and as targets for clinical
therapy. Galectins have been investigated as markers for heart failure, atrial fibrillation,
endometriosis, and various cancers [19,22–32]. Research and clinical trials are also con-
sidering galectins as potential therapeutic targets, where galectin-1 and -3 inhibitors are
specifically being investigated [33–35]. Additionally, the galectin profiles of the patients
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generated from this study will improve the characterization of their disease state and allow
for potential identification of patients who would benefit from participation in clinical
trials of galectin inhibitors.

2. Materials and Methods
2.1. Cancer Patient Samples

Patient samples were obtained from the Prisma Health Cancer Institute’s biorepository
(PHCI). Selection of cancer types for analysis was based on the overall cancer rank in
incidence and specimen availability in a community biorepository. Patients were consented
at the time of tissue procurement.

Forty serum samples were obtained from patients with breast cancer (95% ductal,
5% lobular). Seventeen serum samples and 20 plasma samples were obtained from pa-
tients with colon cancer (92% adenocarcinoma, 8% unknown). Forty serum samples were
obtained from patients with lung cancer (62.5% adenocarcinoma, 32.5% squamous cell
carcinoma, 5% large cell carcinoma). Ten samples were acquired for each stage of each
cancer, except for stage III of colon cancer, which had 7 samples. A power analysis was
performed, and the sample sizes were determined to be adequate for the scope and scale of
the study.

Most of the specimens (78.07%) came from treatment naïve patients newly diagnosed
with cancer. A small number (4.39%) of specimens came from recurrent cancers, and
those patients had not recently received treatment. Another group of samples (16.67%)
came from metastatic cancers, and in most cases, the patients had recently had or were on
chemotherapy. One specimen, comprising 0.88% of the data set, had unknown treatment
status (Tables S1–S3).

2.2. Healthy Controls

The values for healthy control mean and standard deviation (SD) of the serum levels
of galectins-1, -3, and -9 were obtained by R&D Systems (Minneapolis, MN, USA) from
36 healthy volunteers. Additionally, 27 serum samples from healthy persons were obtained
from BioChemed Services (Winchester, VA, USA).

2.3. ELISA Analysis

ELISA kits for galectins-1, -3, and -9 (R&D Systems, Minneapolis, MN, USA) and
galectins-7 and -8 (Invitrogen, Carlsbad, CA, USA) were used to conduct analysis according
to manufacturer protocol. Microplate readings of optical density (OD) were wavelength-
corrected (450–570 nm readings) and used to obtain optical density values. The average OD
of each sample was calculated and blank-corrected. A four-parameter logistic curve was
used to calculate the galectin concentration from the OD reading, which was multiplied by
the dilution factor to arrive at the circulating galectin concentration (Tables S4 and S5).

2.4. Data Analysis

Analysis of the galectin levels was performed using JMP® by SAS Institute (Cary,
NC, USA). The distributions of the circulating galectin values were determined to be non-
normal, and thus nonparametric tests were used. The Wilcoxon signed rank test was used
to compare any two groups of galectin values. The Steel test for multiple comparisons with
a control was used to compare the mean galectin levels of cancer patient stages with the
healthy control group (Tables S4 and S5)

Each galectin level in each cancer population was compared with the healthy control
values. The galectin levels in each of the cancer stages were compared with healthy controls.

Analysis of breast and colon cancer by histological subtype was not performed
due to the low number of certain subtypes of cancer samples. Analysis of lung cancer
galectin levels was performed by histological subtypes including squamous cell carcinoma
and adenocarcinoma.
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3. Results
3.1. Galectins Are Elevated in Sera of Patients with Breast, Lung, and Colon Cancer

To assess for differences in the levels of circulating galectins in patients with breast,
lung, and colon cancer relative to healthy controls, we obtained samples from the Prisma
Health Cancer Institute’s biorepository. Patient characteristics are shown in Tables S1–S3
for breast (n = 40), colon (n = 37), and lung cancer (n = 40) respectively. To begin, ELISA was
performed on cryopreserved serum (breast and lung cancers) and serum and plasma (colon
cancer) on these cohorts of patients. Data were first analyzed by comparing disease samples
with healthy donor samples to investigate whether differences in the circulating galectin
levels were detectable relative to healthy controls (as obtained from the manufacturer as
described in the methods).

Through this initial screening, the galectins of each structural type are elevated. Proto-
typical galectins-1 and -7, which are dimers that are not linked by a linker sequence, were
both elevated in breast and lung cancer (Figure 1A,C), whereas only galectin-1 was elevated
in colon cancer. The chimeric galectin-3, which consists of monomers that can be arranged
in different spatial configurations, was also elevated in all cancers tested (Figure 1B). Lastly,
the tandem-repeat galectins, which consist of two similar domains linked by a linking
sequence, galectin-8 and -9, showed mixed results. No significant changes in galectin-8
were observed in cancer relative to healthy controls (Figure 1D). In contrast, galectin-9
was elevated in colon and lung cancer patients (Figure 1E). This broad screening analysis
informed additional subanalyses where galectin levels were assessed in samples from
varying stages and histologic subtypes.

3.2. Breast Cancer

Given the finding of significant increase in galectins in the patient serum samples of
breast cancer as compared with healthy controls, the data were then separated by stage for
additional analysis. There was a statistically significant increase in the mean concentrations
of galectin-1 in stages I and III (p = 0.0456, p = 0.0025, respectively), but none for stages II
and IV (Figure 2A). An increase in the concentration of galectin-3 was seen in all stages
with a significance of less than 0.0001 (Figure 2D). Galectin-7 was only elevated in stage I
(p = 0.0206) and not in later stages of breast cancer (Figure 2G).

Next, the data were organized by other known patient characteristics, including
sex, race, and smoking status, and tumor characteristics including stage and histological
subtype, as seen in Table 1. No correlation was detected between demographic features
and tumor characteristics and the concentrations of galectins-1, -3, -7, -8, and -9 in serum
samples of patients diagnosed with breast cancer.

3.3. Colon Cancer

The serum and plasma samples of patients with identified colon cancer were also
separated by stage for additional analysis after finding that galectins-1, -3, and -9 were in-
creased in the serum and plasma of colon cancer patients included in this study (p < 0.0001,
p < 0.0001, and p = 0.0005, respectively), as seen in Figure 1A,B,E. Galectin-1 appears to be
consistently elevated throughout the progression of colon cancer with increases observed
in stages I–IV (p < 0.0001, p < 0.0022, p < 0.0026, p < 0.0014, respectively) (Figure 2B).
Galectin-3 is also significantly elevated in all stages with statistically significant p-values
(p < 0.0001, p < 0.0002, p < 0.0235, and p < 0.0152) (Figure 2E). In contrast, galectin-9 was
found to be increased in stage IV with a p-value of 0.0044, but had no reportable changes
for stages I, II, and III (Figure 2K).

Statistical analysis was performed with patient characteristics as described above, and
higher levels of galectin-7 were seen in patients who reported their race as white. Levels
of galectin-7 were also higher in patients who had a history of smoking. Galectin-8 was
observed to be increased more in male patients with colon cancer compared to female
patients with colon cancer (Table 1).
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Figure 1. Circulating concentrations of galectins-1, -3, -7, and -9 are increased in breast, colon, and lung cancer patients 
compared with healthy controls. Cancer galectin levels were determined by ELISA of patient samples. (A,B) Galectins-1 
and -3 are increased in all three cancer types, (C) galectin-7 is increased in breast and lung cancer patient samples, (D) 
galectin-8 shows no statistically significant differences from the healthy control, and (E) galectin-9 is found to be statisti-
cally significantly increased in colon and lung cancer. Stars indicate the p-values of nonparametric comparisons with con-
trol using the Steel method (* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001, **** p ≤ 0.0001). Gal = galectin. 
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Figure 1. Circulating concentrations of galectins-1, -3, -7, and -9 are increased in breast, colon, and lung cancer patients
compared with healthy controls. Cancer galectin levels were determined by ELISA of patient samples. (A,B) Galectins-
1 and -3 are increased in all three cancer types, (C) galectin-7 is increased in breast and lung cancer patient samples,
(D) galectin-8 shows no statistically significant differences from the healthy control, and (E) galectin-9 is found to be
statistically significantly increased in colon and lung cancer. Stars indicate the p-values of nonparametric comparisons with
control using the Steel method (* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001, **** p ≤ 0.0001). Gal = galectin.
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Figure 2. Elevations in circulating levels of galectins-1, -3, -7, and -9 occur in breast, colon, and lung cancer patients com-
pared with healthy controls. Cancer galectin levels were determined by ELISA of patient samples. (A) A statistically sig-
nificant difference in galectin-1 is shown between stages I and III of breast cancer and healthy controls; (B) galectin-1 is 
shown to be increased in all stages of colon cancer compared with healthy controls; (C) a statistically significant difference 
in galectin-1 is shown in stages I, II, and III of lung cancer. (D–F) Galectin-3 is observed to be elevated in all stages of all 
cancers, (G–I) a statistically significant increase in serum galectin-7 is observed in stage I of breast cancer and stages II and 
IV of lung cancer, and (J–L) galectin-9 is shown to be increased in stage IV of colon cancer and stages I and IV of lung 
cancer as compared with healthy controls. Stars indicate the p-values of nonparametric comparisons with control using 
the Steel method (* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001, **** p ≤ 0.0001). Gal = galectin. 
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Figure 2. Elevations in circulating levels of galectins-1, -3, -7, and -9 occur in breast, colon, and lung cancer patients
compared with healthy controls. Cancer galectin levels were determined by ELISA of patient samples. (A) A statistically
significant difference in galectin-1 is shown between stages I and III of breast cancer and healthy controls; (B) galectin-1 is
shown to be increased in all stages of colon cancer compared with healthy controls; (C) a statistically significant difference
in galectin-1 is shown in stages I, II, and III of lung cancer. (D–F) Galectin-3 is observed to be elevated in all stages of all
cancers, (G–I) a statistically significant increase in serum galectin-7 is observed in stage I of breast cancer and stages II and
IV of lung cancer, and (J–L) galectin-9 is shown to be increased in stage IV of colon cancer and stages I and IV of lung cancer
as compared with healthy controls. Stars indicate the p-values of nonparametric comparisons with control using the Steel
method (* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001, **** p ≤ 0.0001). Gal = galectin.
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Table 1. Correlation analysis of galectin levels against cancer patient and tumor characteristics.
Significant Wilcoxon p-values of one-way comparisons.

Colon Lung

Sex

Gal-3 * Female > Male
0.0472

Gal-8 Male > Female
0.0477

Gal-9 Female > Male
0.0249

Race

Gal-7 White > African-American
0.0143

Smoking History

Gal-7 Previous > Current
0.0436

Gal-9 Never > Current
0.0436

Stage

Gal-7 I < II, III, IV
0.0113, 0.0257, 0.0376

Histology

Gal-7 SCC > AD
0.0056

* Gal = galectin, SCC = Squamous Cell Carcinoma, AD = Adenocarcinoma.

3.4. Lung Cancer

Galectin-1, -3, -7, and -9 were found to be significantly elevated in lung cancer patients
(p = 0.0002, p < 0.0001, p = 0.0071, and p = 0.0002, respectively) in Figure 1A–C,E. Thus, the
data for these galectins were further studied with stage separation. Galectin-1 is elevated in
stages I, II, and III with p-values of 0.0036, 0.0364, and 0.0179, but not significantly changed
in stage IV as compared with healthy controls (Figure 2C). Galectin-3 is increased in all
four stages compared with healthy controls (p < 0.0001, p = 0.0005, p < 0.0001, p = 0.0004,
respectively), as seen in Figure 2F. Galectin-7 is elevated in stages II and IV with p-values
of 0.0341 and 0.0341, with no significant increase or decrease in serum levels for stages I
and III (Figure 2I). There was no change in the serum levels of galectin-9 in the serum of
the studied patients with stage II or III lung cancer, but galectin-9 was found to be elevated
in stages I and IV (p = 0.0030, p = 0.0179, respectively) (Figure 2L).

Regarding the statistical analysis for correlations based on patient characteristics, an
increase in galectins-3 and -9 was observed in female patients compared with male patients
(Table 1). Galectin-9 was increased in patients who had never smoked compared with
current smokers. Galectin-7 was statistically significantly lower in the first stage of lung
cancer than the rest of the stages. There was an intriguing finding that galectin-7 was
elevated in serum samples from squamous cell lung cancer patients relative to healthy
controls and adenocarcinoma lung cancer patients (Figure 3).
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Figure 3. Lung squamous cell carcinoma patients have increased serum levels of galectin-7 relative
to lung adenocarcinoma patients. AD is adenocarcinoma. SCC is squamous cell carcinoma. Cancer
galectin levels were determined by ELISA of patient serum samples. SCC and healthy control
comparison was made using nonparametric comparison with control using the Steel method. SCC
and AD comparison was made using the Wilcoxon test (** p ≤ 0.01). Gal = galectin.

4. Discussion
4.1. Significance of the Study

Peripheral blood biomarkers are needed to facilitate early diagnosis of malignancy.
Our study shows profiles of galectin expression in patients with breast, colon, and lung
cancer and identifies galectin–disease combinations that warrant further investigation.
A review of published literature showed inconsistent alterations in galectin expression
in tumor versus normal tissue and noted that most studies use fewer galectins and can-
cer types compared with this study [21]. The findings of this study compared with the
review article can be seen in Table 2. They also highlight the potential areas for future
study, such as elevated levels of galectin-9 in lung cancer samples, which had not been
identified previously.

Table 2. Comparison of galectin level changes in cancer patients.

Literature [21]

Cancer Galectin Results Serum Tissue
1 ↑ ↓ ↑
3 ↑ ↑ ↑, ↓

Breast 7 ↑ - ↑
8 = ↑ ↑
9 = = -
1 ↑ ↑, =, ↓ ↑
3 ↑ ↑ ↑, ↓, =

Colon 7 = = ↑
8 = ↑ ↓
9 ↑ ↑ -

1 ↑ ↑ ↑
3 ↑ - ↑

Lung 7 ↑ - =
8 = - =, ↑
9 ↑ - -

=, expression unaltered; ↑, expression increased; ↓, expression decreased in cancerous samples vs. normal/benign
samples; -, no data available. Differences are highlighted in yellow. Multiple outcomes are highlighted in gray.
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Our study builds upon published literature and provides data on circulating levels
of five galectins for three cancer types, utilizing a consistent method of ELISA analysis,
thus enabling comparison of galectin levels across tumor types. Other studies using ELISA
for the determination of serum galectin values are varied in their comparison of cancer
patients versus healthy individuals; however, they tend to agree that most galectin levels
increase in patients with neoplastic disease [15–17]. The opposing findings in the literature
are potentially due to differences in methodology, sensitivity of the ELISA kit used, sample
preparation, and cancer (sub)types. This demonstrates a need for more standardization in
the measurement of galectin expression levels.

We demonstrate elevated levels of circulating galectins in three different cancers,
beginning with stage I disease, suggesting that galectins may have a role as a diagnostic
biomarker (Figure 2). Galectin-3 was elevated in breast, colon, and lung cancer in our
data (Figure 2); however, galectin-3 is also implicated in a variety of diseases, including
heart failure with reduced ejection fraction, chronic obstructive pulmonary disease, di-
abetes mellitus, and chronic kidney disease [36]. Our analysis is limited in that patient
comorbidities were not available for statistical analysis. Therefore, circulating values of
galectin-3 may represent a sensitive but nonspecific test in diagnosing breast, colon, or
lung cancer. Further testing with larger sample groups may lead to the development of
galectin “fingerprints”, unique combinations of circulating galectin levels, for different
cancers. High-throughput ELISA could potentially make this a practical test. Other studies
are also finding value in using combinations of galectins for diagnostic and prognostic
purposes [20,37].

4.2. Proposed Mechanisms

Additionally, our study shows that galectin-7 is elevated in lung cancer patients
with a squamous cell tumor histology. Galectin-7 is highly expressed in epithelial tissues,
especially stratified squamous epithelium, which corroborates this finding [38]. Galectin-
7 was found to play a role in the pathogenesis of psoriasis, an inflammatory process
affecting stratified squamous cells of the skin by elevating levels of IL-6 and IL-8 [39].
The elevated serum levels of galectin-7 in patients with tumors of squamous cell origin
help to explain the origin of galectins in the serum. It is possible that the uncontrolled
growth of these galectin-7-expressing cells causes the increase in galectin-7 in the serum as
a byproduct of having more galectin-7 production by the tumor. Further testing is needed
to confirm whether galectin-7 levels could be a differentiating factor for identifying lung
cancer tumor types.

Galectins-1 and -3 were shown to play a salient role in the promotion or inhibition
of the putative hallmarks of cancer [7]. Galectin-1 can bind to HRAS, and galectin-3
can associate with basal bodies and centrosomes as well as a mitotic regulator known as
nuclear mitotic apparatus protein (NuMa) [40–42]. The process of programmed cell death,
apoptosis, is also impacted by galectin-3 as it is involved in the β-catenin/Wnt pathway
and regulation with Bcl-2 [43,44].

Alternatively, increased or decreased levels of other galectins may be due to the body’s
response to cancer. Galectin-9 is heavily involved in immune function and is a negative
indicator of metastatic ability in breast cancer [14,45–47]. Thus, higher circulating levels of
this galectin may indicate the body’s increased immune response to the tumor. However,
galectin-9 has also been shown to bind to T cell immunoglobulin mucin 3 (TIM-3), which
dampens the effector T cell response by initiating apoptosis. Monocytes and dendritic
cells also express TIM-3, and it has been suggested that the binding of galectin-9 can block
maturation and cytokine production [48]. Whether the elevations in galectins are due to
tumor-intrinsic mechanisms or due to the immune response to cancer, galectins may prove
to be a useful biomarker for early detection of common malignancies.
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4.3. Confounding Variables

Our study used samples that varied in specimen age (mean, 5.5 years; SD, 1.4 years).
A previous study suggested that galectin-9 in particular was relatively unstable in frozen
serum samples when stored for more than 6 months [29]. We ran bivariate analysis that
confirmed no correlation between our specimen age and the levels of galectins-1, -3, -7, -8,
and -9 (Spearman p: −0.05, −0.02, −0.09, −0.05, −0.006, respectively). Similarly, we found
no correlation between galectin levels and the age of the patients at sample collection.

Half of our colon cancer samples came from plasma and not serum based on their
availability in a community biorepository. There were no significant differences found
between the galectin levels in the colon serum samples and the plasma samples through
statistical analysis by the Wilcoxon signed rank test (galectin-1, 0.3686; galectin-3, 0.2660;
galectin-7, 0.1475; galectin-8, 0.8440; galectin-9, 0.6808). Thus, these samples were analyzed
and compared together without any distinction being made.

It is a valid concern to correct for the treatments of the cancer patients as these
could have an impact on the galectin levels. Galectins were shown to complicate the
treatment of cancer patients by conferring resistance to therapies, including chemotherapy,
immunotherapy, radiation, targeted therapies, and antiangiogenic therapies [49]. While
specific treatment information was not collected on these patients, we determined the
patients who had received cancer treatment and those who had not undergone treatment
or had not received treatment recently. We found that the galectin levels of the treated
patients versus those of the nontreated and not recently treated patients had no observable
difference. Furthermore, upon exclusion of the 19 (16.67%) chemotherapy treated patients
from the analysis, the outcomes presented in this paper did not change. Lastly, the data we
present are correlative, and associations will have to be verified by mechanistic and clinical
cohort studies.

4.4. Limitations

Our study is not without limitations. A sample size of approximately 40 samples
per cancer potentially limits the generalizability of the study. Additionally, this study
only evaluates information about a patient sample at one point in time. A cohort study
following patients through the cancer progression and gathering samples at each stage may
show more patterns of galectin expression throughout disease progression. Next, we were
unable to identify patient comorbidities that could confound results due to limitations of
our IRB protocol. Healthy control samples were not taken from the same biorepository as
the patient samples and were not frozen for the same duration. The control means and SD
for galectins-1, -3, and -9 were provided by R&D Systems as part of the ELISA kits. The
use of a cohort study that follows patients from early on (stage 0) would allow for greater
homogeneity in the sample sources.

It should be noted that the levels of circulating galectins could be due to differing
expression levels in the neoplasm, which can upregulate specific galectins to promote
angiogenesis and metastasis, or the levels of galectins could be due to healthy tissue
changing its expression of galectins in response to the neoplastic tissue. Other studies
suggest that the source of galectins can be tumor cells, surrounding stromal cells, or
immune cells [13,19,50]. Considering that inflammation contributes to pathogenesis, this
is a potential area of future study to determine the tissues that contribute the most to the
elevation of circulating galectin levels seen in these cancers at early stages.

5. Conclusions

The majority of previous studies on galectins examined one or two types of galectins at
a time [21]. This pilot study provides a more comprehensive look into multiple galectins in
multiple cancers. We found that galectin-7 is significantly elevated in lung cancer patients
with a squamous cell histology. Additionally, our study provided galectin profiles that are
being incorporated into the Prisma Health Cancer Institute’s biorepository database. A
similar approach could be adopted by other cancer biorepositories. These galectin profiles
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could contribute to future selection of medications for these patients, including galectin-
based immunotherapies, which are currently under development [48,51]. In addition
to being useful biomarkers for disease, galectins are potential targets for cancer therapy
due to their well-documented role in cancer progression [33–35]. While the results are
promising, additional information is needed to solidify and expand the role of galectin
profiles in oncology.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/cancers13194819/s1, Table S1: Breast cancer patient demographics, Table S2: Lung cancer
patient demographics, Table S3: Colon cancer patient demographics, Table S4: Galectin concentration
values for patient groups in Figure 1, Table S5: Galectin concentration values for patient groups in
Figure 2.
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