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Overexpression of TNFα in colorectal cancer cell lines affects tumorigenicity, 
differentiation, and immune cell infiltration 
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The progression of cancer strongly depends on the tumor microenvironment and immune surveillance. Tumor necrosis 
factor alpha (TNFα), a key inflammatory cytokine, can drive both tumor elimination and promotion, depending on its dose 
and the type of cancer. Colorectal cancer cell lines HCT 116, HT-29, and melanoma cells A375 engineered to stably overex-
press the human TNFα gene were used to induce experimental subcutaneous tumors in two immunodeficient mouse strains: 
athymic Balb/c-nu/nu and SCID/bg mice. In athymic mice, TNFα-overexpressing cells completely lost their tumorigenicity. 
In SCID/bg mice, with no mature T and B cells and defective NK cells, the TNFα-overexpressing cells formed rudimentary 
flat ulcerous xenografts with rapidly reduced size, with tumor penetrance of 50–85%. Histopathological analysis revealed 
necrotic lesions, a more differentiated phenotype of tumor cells forming pseudoglandular structures, and more abundant 
stromal cells. Intratumoral infiltration of immune cells increased in TNFα-secreting tumors. Positivity of cytokeratins 7 
and 20 in colorectal cancer xenografts was decreased. Paradoxically, the expression of ALDH1A1 and ALDH1A3 isoforms, 
which are important for disease prognosis, was increased. Our study suggests that careful modulation of the tumor micro-
environment to a tumor-suppressive one using cytokine TNFα and controlled stimulation of antitumor immunity can 
contribute to the improvement of cancer treatment. 
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The development and progression of cancer are strongly 
influenced by the tumor microenvironment (TME) and 
immune surveillance mechanisms. Tumor necrosis factor α 
(TNFα), a key pro-inflammatory cytokine, exerts context-
dependent effects, contributing to either tumor suppression 
or promotion depending on its concentration and the specific 
cancer type [1–3]. TNFα induces apoptosis of endothelial 
cells and damage to the endothelium, so the tumor receives 
fewer nutrients and oxygen, resulting in necrosis. The TNFα/
TNFR1-receptor signaling in endothelial cells and pericytes 
targets tumor angiogenesis and vasculature [4, 5] and 
probably enhances the synergic effect of TNFα and chemo-
therapeutic agents, such as doxorubicin and melphalan, in 
cancer patients [6, 7]. On the other hand, TNFα in low doses 
can help “normalize” tumor vasculature and vessel perfu-
sion, leading to more effective treatment and drug uptake, 
and reducing hypoxic areas in the experimental tumor 
bulk [8]. Tumor cells genetically engineered to overexpress 
TNFα have significantly affected their tumorigenicity in vivo. 

Their engraftment is blocked after subcutaneous adminis-
tration (s.c.), resulting in smaller tumors with a tumor take 
rate reduced to 50–60%. The growth of lung colonies after 
intravenous administration is inhibited. Impaired tumorige-
nicity of engineered TNFα cells was observed in immuno-
competent [5, 9] and also in immunodeficient mice [10–12]. 
Achieved in vivo doses of TNFα were extremely low, but very 
efficient in the inhibition of tumor growth [10]. The effect 
of TNFα in TME is pleiotropic, modulating the TME via 
paracrine mechanisms in the context of the cancer tissue. 
In such markedly reduced xenografts, a ’ tumor-resistant’ or 
‘tumor-suppressive microenvironment‘ is created [13].

Tumor suppression caused by TNFα overexpression 
depends on the activation of cells of the immune system 
(T cells, B cells, NK cells, macrophages, and dendritic cells) 
using the Stat1-IFN-γ pathway. Inflammatory cell (CD8+, 
Th1 T, NK cells, APC, M1 macrophages) infiltration in tumor 
tissue samples has a significant tumor-suppressing effect and 
is linked with a favorable prognosis. TNFα recruits these 
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tumor-suppressing immune cells [2, 14]. Meta-analyses of 
cancer risk in patients with chronic, auto-immune inflam-
matory diseases, such as rheumatoid arthritis, treated with 
TNFα inhibitors, showed a greater incidence of cancer, or 
in some studies, no increase in the overall risk [15]. Acute 
inflammatory response may have a beneficial effect in 
fighting cancer disease in patients and cause spontaneous 
regression of tumors, in contrast to chronic inflammation, 
which promotes tumor growth [3, 16–18]. In the absence 
of TNFα in vivo, as observed in TNFα-deficient mice, anti-
tumor immune surveillance is impaired, along with defective 
T cell priming and reduced recruitment of activated lympho-
cytes to the tumor [19].

Aldehyde dehydrogenase 1 is linked with advanced cancer 
and poor prognosis, especially its isoforms ALDH1A1 
and ALDH1A3 [20]. Increased expression of ALDH1A3 is 
accompanied by increased metastatic and migratory poten-
tial and chemoresistance [21].

The TME includes an extracellular matrix (ECM) 
consisting of collagens, proteoglycans, and glycoproteins. 
Mechano-physical properties of ECM, its stiffness, and archi-
tecture affect tumor progression and treatment efficiency. 
Desmoplastic tumors with overproduced ECM represent 
a barrier for immune cells, which is linked with aggressive 
and treatment-resistant cancers [22]. TNFα mediates ECM 
remodeling and activity of matrix metalloproteinases. In vitro, 
TNFα binds to fibronectin in the ECM, attracts monocytes, 
and triggers their activation into MMP9-secreting cells [23]. 
In vivo in experimental tumors, TNFα targets ECM through 
CSG ligand, causing robust immune cell infiltration and 
reduction of tumor stiffness [24].

In our study, we engineered two lines of colorectal carci-
noma cells, HCT 116 and HT-29, and a malignant melanoma 
cell line A375, to overexpress human TNFα. We employed 
two different immunodeficient mouse strains (athymic and 
SCID/bg, Table 1) with different residual immune cells, 

which showed us which immune cells are directly involved 
in creating a tumor-resistant microenvironment under the 
TNFα influence and which immune cells are probably respon-
sible for the loss of tumorigenicity of TNFα-overexpressing 
malignant cells in vivo. We also evaluated the histopatholog-
ical and molecular biological characteristics of such tumor-
suppressive microenvironment.

Materials and methods

Cell lines and chemicals. Human colorectal carcinoma 
cell lines HT-29 (#ECACC 91072201), HCT 116 (ATCC® 
CCL-247™) and human melanoma cell line A375 (#ECACC 
88113005) were maintained in high-glucose (4.5 mg/ml) 
Dulbecco’s modified Eagle’s medium (DMEM) (Biochrom 
AG, Germany) supplemented with 5 or 10% fetal bovine 
serum (FBS) (Biochrom AG) and 2 mM glutamine. All cells 
were maintained in a humidified atmosphere at 37 °C and 5% 
CO2. If not stated otherwise, all chemicals were purchased 
from Sigma-Aldrich (St. Louis, MO, USA).

Retroviral transduction. Proliferating target tumor cells 
were transduced with Moloney Murine Leukemia virus-
derived replication-deficient retroviral particles ST40hTNFα 
bearing human TNFα transgene as described previously [25]. 
A multiplicity of infection (MOI) of 5–10 and a transduc-
tion efficiency of 50–90% was achieved. Transduction with 
ST40hTNFα retrovirus was verified by PCR and RT-qPCR. 
Engineered cell lines were named as HT-29hTNFa, 
HCT116hTNFa, and A375hTNFa.

In vivo experiments. Six to eight-week-old athymic 
mice (Balb/c-nu/nu) and SCID/bg mice (Charles River, 
Germany) (Table 1) were used following the institutional 
guidelines under the approved protocols. The project was 
approved by the Institutional Ethic Committee and by the 
national competence authority (State Veterinary and Food 
Administration of the Slovak Republic), Registration No. Ro 

Table 1. The difference between immunodeficient mice strains SCID/bg and Balb/c-nu/nu and their immune system [47, 48].
Inbred Nude – Balb/c-nu/nu Fox Chase SCID Beige – SCID/bg

Genetic mutations disruption of the FOXN1 gene encoding a DNA-
binding transcription factor on chromosome 11, 
regulating cytokeratins involved in the develop-
ment of thymic epithelium

autosomal recessive mutations SCID (Prkdcscid) 
and Beige (Lystbg)
deficient activity of an enzyme involved in DNA 
repair and antigen-receptor gene assembly

Result of mutations dysgenesis of thymic epithelium and defect in 
helper T-cell activity

inability of T and B cells to mature and incomplete 
loss of adaptive immunity

Mature T cells absent absent
Mature B cells present absent
Dendritic cells present present
Macrophages present present
Natural killer cells present defective
Leakiness N/A low
Consideration intact innate immunity

little engraftment of hematopoietic cancer cells
not suitable for primary cells

defective NK cells due to beige mutation

Engraftment of TNFα-producing tumor cells failed successful with delayed growth
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746/18-221/3 in compliance with Directive 2010/63/EU and 
Regulation 377/2012 on the protection of animals used for 
scientific purposes. It was performed in the approved animal 
facility (license No. SK UCH 02017). Xenografts were 
induced with a total of 5×105 human A375 cells and 2.5×105 
HT-29 or HCT 116 cells administered s.c. into the flanks. Six 
to eight animals were in the groups. Growing tumors were 
measured with a caliper, and the tumor volume was calcu-
lated using the formula V = 0.5236 × ((width + length)/2)3. 
Animals with parental tumor cells were sacrificed on days 
27–29. Animals with TNFα-overexpressing cells were sacri-
ficed on day 59 or when aggravation of health status was 
noticed. Xenograft tissues were analyzed by histology and 
immunohistochemistry, and/or total RNA for RT-qPCR was 
isolated from the tissues.

Histopathological and histochemical evaluation. 
Tissue samples were fixed in 4% neutral buffered formalin 
solution for 24 h, and then the samples were standardly 
processed and embedded in paraffin blocks. Blocks were 
cut on a Hyrax M40 rotary microtome (Zeiss, Germany), 
and tissue sections were placed on Star Frost® glass slides 
(Waldemar Knittel, Germany). Sections were stained with 
hematoxylin-eosin (HE), Massone Trichrome (DiaPath, 
Italy) and immunohistochemically using monoclonal 
mouse anti-human ready-to-use antibodies (Dako Omnis, 
Denmark) against Cytokeratin 7 (#clone OV-TL 12/30), 
Cytokeratin 20 (#clone KS 208), Ki-67 (#clone MIB-1), 
MUC5AC (#clone CLH2), mouse monoclonal anti-human 
TNF-alpha antibody (#clone DBM15.28, Diagnostic 
BioSystem, USA), and anti-CD45 (#clone EPR20033, 
Abcam). Before immunostaining, heat-induced antigen 
retrieval was performed with 20 min treatment in a PT 
Link (Dako Omnis) using EnVision Flex Target Retrieval 
Solution, high pH. After this, the slices were allowed 
to cool, and sections were incubated for 30 min at room 
temperature with antibodies. For washing, EnVision Flex 
Wash Buffer was used, for visualization, an LSAB2 System-
HRP was applied using EnVision Flex DAB+ Substrate 
Chromogen System (Dako Omnis). Finally, slices were 
stained with Mayer hematoxylin. The samples were evalu-
ated using an Axiovert 200 light microscope (Zeiss).

Analysis of gene expression. Expression analysis of 
mRNA for the human TNFα gene and genes listed in Table 2 

was determined by reverse transcriptase quantitative PCR 
(RT-qPCR). Total RNA was isolated from 5×105 cells or 
5–50 mg of tissue using the innuPREP DNA/RNA Mini Kit 
(Analytik Jena GmbH, Germany), and RNA was depleted 
from genomic DNA by DNase treatment (DNase I, RNase-
free; Thermo Fisher Scientific, USA). Next, 2 µg of total RNA 
was reverse transcribed using the SensiFAST cDNA Synthesis 
kit (Bioline, UK). Quantitative RT-qPCR was performed in 
triplicate using ampliTune® qPCR EvaGreen® Mix (Selecta 
Biotech SE, Slovakia), 250 nM concentration of primers, and 
1 µl template cDNA per reaction. The protocol for RT-qPCR 
was started with the activation step at 95 °C for 3 min, 
followed by 45 cycles of the denaturation step at 95 °C for 15 
s and annealing/polymerization at 60 °C for 15 s with plate 
read steps at 75 °C. The PCR was performed in a Bio-Rad 
96FX cycler (Bio-Rad Laboratories, USA). The analysis was 
done using Bio-Rad CFX Manager software version 1.6, as 
normalized fold expression using the 2–ΔΔCq method. The gene 
for hypoxanthine phosphoribosyl transferase 1 (HPRT1) was 
used as a reference. All oligonucleotides were synthesized by 
Metabion, Int. (Germany) or Sigma (USA).

Statistical analysis. The results are expressed as the mean 
± SEM or median + maximal value. Values were compared 
using a two-tailed Mann-Whitney U-test or a two-tailed 
Student’s t-test in GraphPad Prism, version 6 (GraphPad 
Software Inc., USA). A p-value <0.05 was considered statisti-
cally significant.

Results

Tumor cells overexpressing TNFα differ in their ability 
to engraft in two different immunocompromised mouse 
strains. Engineered human tumor cell lines derived from 
colorectal carcinoma and melanoma, overexpressing the 
human TNFα gene (TNFα), were used to induce subcu-
taneous tumors in two immunodeficient mouse strains. 
In athymic mice Balb/c-nu/nu (Figure 1A), the tumor cell 
engraftment of colorectal carcinoma cells HT-29hTNFα 
and melanoma cells A375hTNFα was completely disabled 
by TNFα overexpression (tumor take rate 0%). Mice were 
healthy, without any side effects caused by the transplantation 
of TNFα-overexpressing tumor cells for more than 90 days. 
Macroscopic examination revealed no pathological changes 

Table 2. List of primers used for RT-qPCR or qPCR.
Gene Forward primer sequence 5’→3´ Reverse primer sequence 5’→3´ Amplicon length (bp)
TNFα CCTCAGCCTCTTCTCCTTCC AGATGATCTGACTGCCTGGG 145
TRAIL ACCAACGAGCTGAAGCAGAT ACGGAGTTGCCACTTGACTT 141
CK20 AGACACACGGTGAACTATGGG CTCCAGGGTCCGCACCTTTT 128
CK7 AGTGTCCCCGAGGTCAGCGA AGAGGCTGCTGCTGCCAAGG 187
ALDH1A1 CAACAGAGGTTGGCAAGTTGATC CATGGTGTGCAAATTCAACAGC 141
ALDH1A3 TCTGGAACGGTCTGGATCAACTGC CCTTTCCTTCAGGGGTTCTTGTCG 171
LAMC2 GGATTCAGTGTCTCGGCTTC TGCTGTGCTTCTTCTTTCCA 168
HPRT1 GACCAGTCAACAGGGGACAT CCTGACCAAGGAAAGCAAAG 132
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Parental cells displayed tumor penetrance of 100% for HT-29 
and A375 cells and 87.5% for HCT 116 cells. In 6 out of 7 
mice injected with A375hTNFα cells, aggravation of health 
status was noticed, and cachexia developed in some animals. 
Severe life-threatening health complications developed in 
one mouse on day 29 (acute gastric dilation); the other two 
mice died on days 35 and 72. In one SCID/bg animal, an 
impaired liver and enlarged spleen were identified as mouse 
spleen lymphoma after histologic and molecular examina-
tion. Xenografts of all parental cells formed large, rapidly 
growing tumors in both immunodeficient mouse strains, and 
animals were euthanized on days 26–42, depending on the 
cell line.

Histopathological analysis revealed more differentiated 
tumor tissue in HT-29hTNFα xenografts. HE staining of 
tumors derived from parental HT-29 cells revealed poorly 
differentiated adenocarcinoma with a partially glandular 
arrangement. The mitotic index varied, and there were 

or metastatic foci in the internal organs (liver, spleen, lungs, 
colon). No enlargement of lymph nodes was detected. In one 
out of eight subcutaneous applications, small microvascu-
larisation in the site of inoculation was observed.

In SCID/bg mice, tumor cells overexpressing TNFα 
formed small flat ulcerous xenografts, prone to inflamma-
tion and later accompanied by necrosis and hemorrhage, 
confirmed by histologic examination (Figures 1C, 1D, 2C, 
2D). Parental cells formed large xenografts, and mice were 
euthanized on day 29 (HT-29), 42 (HCT 116), and on day 26 
(A375) for ethical reasons. On those days, TNFα-engineered 
cells formed xenografts with significantly smaller volumes, 
reduced to 0–10% compared to xenografts derived from their 
respective parental cell lines (Figure 1B). After a prolonged 
time after inoculation, TNFα xenografts started to grow, and 
the tumor take rate of transplanted HT-29hTNFα was 85.7% 
(12/14 xenografts), HCT 116hTNFα 50% (6/12 xenografts), 
and A375hTNFα cells 57% (8/14 xenografts) (Figure 1B). 

Figure 1. Overexpression of TNFα affects tumorigenicity and differentiation in CRC xenografts. A) Plots of individual tumor growth in Balb/c-nu/nu 
mice injected s.c. with 5×105 A375 (n=8), 2.5×105 HT-29 cells (n=8), and comparison of xenograft size: A375 on day 23 and HT-29 on day 24. B) Indi-
vidual tumor growth in SCID/bg mice injected s.c. with 5×105 A375 cells (n=10 and 20), 2.5×105 HT-29 cells (n=8), 2.5×105 HCT 116 cells (n=8 and 12) 
and comparison of xenograft size: A375 on day 25–26 (n=10 and 12), HT-29 on day 29 (n=8), HCT 116 on day 42 (n=8 and 12). C) Macroscopic view 
of s.c. of A375 overexpressing TNFα on day 61 (upper images) and HT-29 overexpressing TNFα on day 55 (lower images), approx. size of 2–4 mm in 
diameter, SCID/bg mice. D) Massive necrosis (red arrows) inside the HCT 116hTNFα xenograft and semivital tumor cells localized peripherally (black 
arrows); HE staining, magnification 5×.
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many visible atypical mitoses. The stroma was formed by 
thin septa of collagen. In the center of the tumor, several 
necrotic areas merged and made up 40% of the entire area 
of the xenograft. The tumor infiltrated the surrounding 
tissue and skeletal muscle fibers. Xenografts derived from 
engineered HT-29hTNFα cells were well-differentiated 
adenocarcinomas, formed by variably large, branched 
glandular formations with several irregular, thicker projec-
tions into the lumen (Figure 2C). The tumor cell population 
consisted of eosinophilic cells with one darker, atypical, or 
bizarre nucleus and bright cytoplasm. Along the periphery, 
several irregular glands infiltrated the surrounding sparse 
ligament. The mitotic index varied, and several atypical 
mitoses were visible. The stroma was formed by a thin 
ligament with mature collagen septa. Several necrotic foci 
with residual individual semi-vital tumor cells together made 
up 20% of the entire tumor area. In xenografts of engineered 
HT-29hTNFα cells, positivity for proliferation marker Ki-67 
decreased to 20–50% in comparison to the control xenograft 
of parental HT-29 cells (70%). Large areas were negative for 
Ki-67, indicating a  stromal fraction of the tissue of mouse 
origin. Positivity for CK7 localized in the periphery of the 
tumor decreased from 5% in parental xenografts to 0% in 
TNFα xenografts. A strong CK20 and MUC5A positivity of 
up to 100% was detected on the periphery of parental HT-29 
xenografts, while in the center of the tumor, the positivity 
was 20–30%. In HT-29hTNFα tumors, the average positivity 
of CK20 and MUC5A markers was higher by 20% or more, as 
summarized in Table 3. We also observed a twofold increase 
in the percentage of collagen after Masson’s Trichrome 
staining (Figures 2C, 2D; Table 3).

Xenografts of parental cell line HCT 116 were of massive 
size and consisted of nodularly arranged poorly differenti-
ated adenocarcinoma, partially with necrotic areas and 
pseudoglandular formations of variable size. Cells were 
closely arranged, with bright cytoplasm and darker hetero-
chromatic nuclei and nucleoli. Xenografts of engineered cells 

HCT 116hTNFα were significantly smaller, poorly differ-
entiated adenocarcinoma, infiltrating the skin. The TNFα 
tumors themselves underwent massive necrosis located 
centrally with a residual semi-vital population of tumor cells 
on the periphery (Figures 1D, 2D; Table 3), composed of 
pseudoglandular, pseudotubular formations, and infiltrated 
the skin. Irregularly shaped cells had one darker, hyper-
chromic nucleus with several nucleoli and bright cytoplasm. 
Part of the tissue was formed by a tumor stroma, negative 
for Ki-67, CK7, and CK20. In the comparison of HCT 116 
xenografts, in HCT 116hTNFα tumors, the average positivity 
for CK7 was markedly decreased. Positivity for CK20 disap-
peared in HCT 116hTNFα tumors. The HCT 116 cells were 
only weakly positive for CK20 and did not produce mucin 
MUC5A (Figure 2D; Table 3). In HCT 116hTNFα experi-
mental tumors, a slight increase in collagen positivity was 
detected.

Immune cell infiltrates were stained using antibodies 
against the pan-immune cell marker CD45. Xenografts of 
HT-29 and HT-29hTNFα cells showed 5% CD45 membrane-
positive cells infiltrating from the tumor surface into the 
center of the tumor. In xenografts of engineered cells HCT 
116hTNFα, significantly increased infiltration of CD45 
membrane-positive cells was observed (up to 25% positivity) 
compared to 5% positivity in HCT 116 control xenografts. 
Immune cells were concentrated in the tumor surface capsule 
and then migrated from the surface into the center. In HCT 
116hTNFα xenografts, strongly positive cells formed groups 
(Figures 2C, 2D; Table 3).

Expression analysis of HT-29- and HCT 116-derived 
xenografts overexpressing the TNFα gene revealed 
increased cytokeratin 20 and aldehyde dehydrogenase 
expression. Tumor tissues were analyzed for expression of 
human genes encoding TNFα, apoptosis-inducing ligand 
TRAIL, cytokeratins 20 and 7 (CK20, CK7), aldehyde 
dehydrogenases ALDH1A1 (in HT-29 xenografts), 
ALDH1A3 (in HCT 116 xenografts), and selected proteins of 

Table 3. Histopathological characteristics of xenografts of parental CRC cells and xenografts of cells engineered to overexpress TNFα.
Xenograft HT-29 HT-29hTNFα HCT 116 HCT 116hTNFα
Tumor cell arrangement low-differentiated

infiltrative adenocar-
cinoma

well-differentiated
infiltrative adenocar-

cinoma

low-differentiated
adenocarcinoma

low-differentiated
adenocarcinoma

Necrosis 0–20% 40% 55% 60%
Necrosis in the center 10% 90% 80% 95%
Necrosis in the periphery 10% 10% 20% 5–10%
TNFα positivity 80–90% 80–90–100% 5–10% 5%
Ki-67 positivity 70% 20–50% 70–80% 70–80%
CD45 positivity in the center <5% <5% <5% 5–25%
CD45 positivity in the periphery <5% 5–25% 5–25% 5–25%
CK7 positivity 5% 0% 50–70% 5–20%
CK20 positivity 60% 70–80% 0–5% 0%
MUC5A positivity 50% 60–80% 0% 0%
Masson’s Trichrome positivity (collagen positivity) 10% 20–25% 5% 5–10%
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Figure 2. Histopathological changes in xenografts of TNFα-overexpressing CRC cells in SCID/bg mice: better tissue differentiation and CD45 positive 
immune cell infiltration. Expression analysis of tissues derived from HT-29 A) and HCT 116 cells B): mRNA expression of TNFα, apoptosis-inducing 
ligand TRAIL, collagen 1 (COL1A1), collagen 4 (COL4A4), laminin γ (LAMC2) and aldehyde dehydrogenase isoforms 1A1 and 1A3 (ALDH1A1, AL-
DH1A3) and cytokeratins CK7 and CK20; RT-qPCR, 2 x 2 factorial model on ΔCt values analyzed per gene, p values from two-sided t-test, data are 
shown as individual data points for individual xenografts and mean ± SD. C) Histological and IHC analysis of xenografts derived from HT-29 cells; 
HE: HT-29 – poorly differentiated adenocarcinoma, HT-29hTNFα – moderately differentiated carcinoma with pseudoglandular structures, Masson’s 
Trichrome staining for connective tissue (blue) and epithelial tissue (red), IHC for TNFα, CD45, Ki-67, CK7, CK20, mucin glycoprotein MUC5A; xeno-
grafts were induced by 2.5×105 cells in SCID/bg mice. Magnification 20×. D) Histological and IHC analysis of xenografts of HCT 116 cells; HE of poorly 
differentiated adenocarcinomas, Masson’s Trichrome staining for connective tissue, IHC for TNFα, CD45, Ki-67, CK7, CK20; xenografts were induced 
by 2.5×105 cells in SCID/bg mice; red arrow – necrosis, blue arrow – stromal cells, black arrows – pseudoglandular structures; magnification 20×.
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the ECM: laminin gamma (LAMC2), collagen 1 (COL1A1), 
and collagen 4 (COL4A4). The results are summarized in 
Figures 2A and 2B.

The TNFα mRNA overexpression was confirmed in tumor 
tissues derived from engineered cells HT-29hTNFα and HCT 
116hTNFα (Figures 1G, 1C; p=0.00953 for HCT 116), but 
the overexpression was also noticed in two of five xenografts 
of parental HT-29 cells (Ct 15.9 and 16.0 vs. 26–29 in other 
tissues). An increase of apoptosis-inducing ligand TRAIL 
mRNA expression was detected in HT-29hTNFα engineered 
cells in vitro [26], but it was not observed in their xenografts. 
Expression of CK20, a marker of colon epithelium differ-
entiation, decreased in both TNFα-engineered xenografts 
(p=0.04670 for HT-29; p=0.04994 for HCT 116). The CK7 
expression, a marker of poor differentiation and aggressive-
ness, was not changed significantly. Analysis of the expres-
sion of ECM proteins did not show changes in TNFα tumors, 
but significant overexpression of the aldehyde dehydroge-
nase gene was detected. The HT-29 cells are producers of 
the ALDH1A1 isoform, and the HCT 116 line is a producer 
of the ALDH1A3 [27]. The RT-qPCR analysis showed 
increased mRNA expression of aldehyde dehydrogenase in 
TNFα-engineered xenografts (p=0.05015 for ALDH1A1 in 
HT-29 and p=0.01064 for ALDH1A3 in HCT 116).

Discussion

Besides studying tumor and metastasis development, it is 
essential to explore ways how to modulate the TME into a 
tumor-suppressive state and stimulate the immune system to 
inhibit tumor growth. One potential tool remains the cytokine 
TNFα, which acts locally by modulating TME. TNFα stimu-
lates key immune cells involved in antitumor surveillance, 
including CD8+ T cells, NK cells, dendritic cells (DCs), and 
M1 macrophages. These cells create immunologically “hot” 
tumors, the tumor-suppressive inflammation, and TNFα is 
responsible for their recruitment, activation, and cytotoxicity 
[28].

In the presented study, colorectal cancer cells HT-29 and 
melanoma cells A375 engineered to overexpress TNFα, 
completely lost their tumorigenicity in athymic nude mice. In 
SCID/bg mice, with no mature T and B cells and defective NK 
cells, identical cells HT-29, A375, and a second CRC cell line 
HCT 116, formed rudimentary flat ulcerous xenografts with 
large necrotic lesions inside the tumor burden. Decreased 
tumorigenicity of engineered TNFα-overexpressing cells and 
strong induction of necrosis are known and were described 
in several papers [10, 11, 13], and it was also reconfirmed 
by our study. The TNFα-overexpressing murine tumor cells 
administered systematically were homing to the primary 
tumor site, releasing low levels of TNFα, causing tumor 
apoptosis and tumor vasculature damage [9], serving as cell-
directed mediators.

Some of the SCID mice bearing A375TNFα melanoma 
cells developed cachexia, similar to a previous study 

[29]. However, nude mice injected subcutaneously with 
A375TNFα cells remained healthy, showing no signs of 
cachexia. Mesenchymal stromal cells overexpressing TNFα, 
coinjected together with tumor cells, caused significantly 
reduced growth of melanoma xenografts, losing their tumor-
supportive capacity [25]. Still, they could not suppress 
the development of experimental melanoma lung metastases 
[30]. TNFα-induced tumor necrosis is dependent on receptor 
TNFR1 signaling in the tumor vasculature [31]. Because 
human TNFα cannot bind to the mouse TNFR2 receptor [32], 
its activity is mediated exclusively via TNFR1 in in vivo exper-
iments. The TNFR1 receptor, expressed ubiquitously across 
almost all cell types, contains a death domain capable of initi-
ating apoptosis, necroptosis, or necrosis in mouse endothe-
lial cells, mouse stromal fibroblasts, and human tumor cells 
within xenograft tissue. TNFα-mediated tumor suppression 
is also facilitated through STAT1-IFN-γ signaling within 
the nonmalignant components of the TME, mesenchymal 
stromal cells, and fibroblasts [33]. We also documented that 
in TNFα-overexpressing xenografts, CD45+ leukocytes infil-
trated from the periphery into the tumor center. The CD45+ 
cells in immunodeficient SCID/Bg mice include myeloid 
cells – macrophages (TAMs), granulocytes (e.g., neutro-
phils), lymphoid- and myeloid-derived DCs, and remaining 
NK cells, which are defective but still exist in SCID/Bg mice. 
All these cells are also able to produce TNFα. The highest 
proportion of CD45+ cells are TAMs, which are also highly 
responsive to TNFα. In immunohistochemical evaluations of 
CRC in patients, 40–44% of TAMs are M2-like, while a subset 
of M1-like TAMs is less prevalent in tumors compared to 
adjacent normal mucosa [34], so we can conclude that most of 
the observed CD45+ cells in xenografts are TAMs. Our study, 
employing two different immunodeficient mouse strains, 
suggests that the antitumor activity of TNFα in creating a 
tumor-resistant microenvironment probably depends on 
the presence of NK cells and B cells, which are still present 
in nude mice. There is relatively little information about the 
antitumor antibody response mediated by B cells, but TNFα 
can help to transmit a signal from tumor-binding IgG for 
presenting the tumor antigen by DCs and start IgG-activation 
of T cells [35]. Potential antitumor effect via membrane TNFα 
can mediate activation of cytotoxic action of B cells [36]. The 
apoptotic killing and fragmentation of cancer cells may then 
be an initial step in tumor antigen uptake and presentation by 
DCs and other cells of antitumor immune response.

We also consider the differences in the organization of 
human and mouse immune systems, and that the mouse 
models of cancer are artificial. Mice are more tolerant to 
lipopolysaccharides, systemic inflammation, and the effects 
of cytokines in comparison to humans. Doses of lipopoly-
saccharides inducing severe disease with shock are several 
orders of magnitude higher in mice than in humans. The 
mouse can also reduce the TNFα production very efficiently. 
However, the human and murine NK cells show similari-
ties in cytokine responsiveness. The signaling pathways are 
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largely conserved in NK cells [37, 38], and the TNFR1-TNFα 
signaling significantly activates the antitumor activity of NK 
cells. In the mouse, selective NK cell deficiency has been 
associated with a failure to reject tumor cells [39].

It is known that xenografts of the HT-29 adenocarcinoma 
cell line exhibit the ability to differentiate and form entero-
cyte-like and mucin-producing structures under specific 
conditions. Histological analysis of xenografts of engineered 
HT-29TNFα cells revealed a more differentiated phenotype 
with clearly visible pseudoglandular structures compared to 
apparently poorly differentiated control xenografts. Tumors 
with more differentiated phenotypes have a better prognosis, 
while immature, undifferentiated tumors are more aggres-
sive. We also detected a more abundant mouse stromal 
fraction within the tumor burden and decreased positivity 
for the Ki-67 proliferation marker in engineered xenografts.

The standard phenotype of colorectal carcinomas is CK20 
positivity and CK7 negativity, but several IHC patterns have 
been described that are significant in tumor differentiation, 
including metastatic potential [40]. Nevertheless, CK7 is an 
important marker of metastatic CRC. CRC patients with 
CK7-positive tumors had shorter 5-year survival, indicating 
a negative prognostic role of CK7 [41]. Xenografts in our 
study were also positive for CK7, and the TNFα overexpres-
sion was linked with a decreased CK7 positivity. The loss 
of CK20 expression is associated with a significantly favor-
able prognosis of CRC in another survival study [42], and 
our experimental tumors overexpressing TNFα displayed 
decreased expression of CK20, too.

Aldehyde dehydrogenases are overexpressed in various 
tumors and are considered important CSC markers, linked 
with multidrug resistance and poor prognosis [43]. Our 
results show increased ALDH1 expression in the xenograft 
tissue of both CRC lines producing TNFα (isoform ALDH1A1 
for HT-29 and ALDH1A3 for HCT 116). However, various 
effects of TNFα on the ALDH enzyme have been published: 
a decrease of ALDH enzyme activity in TNFα-engineered 
tumor cells in vitro [26], no effect in malignant cells, and 
also an increased ALDH activity in human bone marrow 
cells [44], and in breast carcinoma cell line [45] treated with 
TNFα. We did not observe increased expression of human 
TRAIL in vivo, which was induced in identical cells in vitro 
[26]. Overexpression of TNFα was also noticed in parental 
HT-29 xenografts, and was probably driven by the innate 
gene. Grimm et al. [46] also reported high TNFα protein 
expression in the HT-29 cell line itself and demonstrated that 
elevated TNFα levels were associated with worse prognosis 
and the presence of lymph node metastases in CRC patients. 
So, besides immune cells, even malignant cells themselves 
can be producers of TNFα. ECM, important in TME and 
in the prognosis of disease, was not changed significantly 
under TNFα secretion in CRC line xenografts, as shown by 
Masson’s Trichrome staining and PCR analysis. We noticed 
only a slight increase in collagen positivity.

In the present study, we document several changes initi-
ated by the TNFα production in situ in experimental model: 
disabled cancer cell engraftment and zero tumorigenicity 
in the presence of NK and B cells (nude mice), significantly 
reduced growth of tumors in the absence of T, B, and NK 
cells (SCID/bg mice), increased immune cells infiltration, 
better-differentiated tumor tissue organization, decreased 
positivity for CK7 and CK20 and increase of expression of 
ALDH1 isoforms. Our study suggests that the TME can be 
effectively modulated by TNFα, and controlled stimulation 
of antitumor immunity may be beneficial for future cancer 
treatment strategies.

Acknowledgments: This study was supported by VEGA grant 
02/0154/25, Slovak Research and Development Agency under the 
contract No. APVV-21-0296, and by the Slovak Cancer Research 
Foundation.

References

[1]	 BALKWILL FR, CAPASSO M, HAGEMANN T. The tumor 
microenvironment at a glance. J Cell Sci 2012; 125: 5591–
5596. https://doi.org/10.1242/jcs.116392

[2]	 LEBREC H, PONCE R, PRESTON BD, ILES J, BORN TL et 
al. Review Tumor necrosis factor, tumor necrosis factor in-
hibition, and cancer risk. Curr Med Res Opin Cit Curr Med 
Res Opin 2015; 31: 557–574. https://doi.org/10.1185/030079
95.2015.1011778

[3]	 DRUTSKAYA MS, EFIMOV GA, KRUGLOV AA, KU-
PRASH DV, NEDOSPASOV SA. Critical Review Tumor Ne-
crosis Factor, Lymphotoxin and Cancer. IUBMB Life 2010; 
62: 283–289. https://doi.org/10.1002/iub.309

[4]	 WANG X, LIN Y. Tumor necrosis factor and cancer, buddies 
or foes? Acta Pharmacol Sin 2008; 29: 1275–1288. https://
doi.org/10.1111/j.1745-7254.2008.00889.x

[5]	 BLANKENSTEIN T. The role of tumor stroma in the in-
teraction between tumor and immune system. Curr Opin 
Immunol 2005; 17: 180–186. https://doi.org/10.1016/j.
coi.2005.01.008

[6]	 VAN HORSSEN R, TEN HAGEN TLM, EGGERMONT 
AMM. TNF-α in Cancer Treatment: Molecular Insights, 
Antitumor Effects, and Clinical Utility. Oncologist 2006; 11: 
397–408.

[7]	 SU B, CENGIZEROGLU A, FARKASOVA K, VIOLA JR, 
ANTON M et al. Systemic TNFα gene therapy synergizes 
with liposomal doxorubicine in the treatment of metastatic 
cancer. Mol Ther 2013; 21: 300–308. https://doi.org/10.1038/
mt.2012.229

[8]	 JOHANSSON A, HAMZAH J, GANSS R. Intratumoral 
TNFα improves immunotherapy. Oncoimmunology 2012; 1: 
1395–1397. https://doi.org/10.4161/onci.20981

[9]	 DONDOSSOLA E, DOBROFF AS, MARCHIÒ S, CARDÓ-
VILA M, HOSOYA H et al. Self-targeting of TNF-releasing 
cancer cells in preclinical models of primary and metastat-
ic tumors. Proc Natl Acad Sci USA 2016; 113: 2223–2228. 
https://doi.org/10.1073/pnas.1525697113

https://doi.org/10.1242/jcs.116392
https://doi.org/10.1185/03007995.2015.1011778
https://doi.org/10.1185/03007995.2015.1011778
https://doi.org/10.1002/iub.309
https://doi.org/10.1111/j.1745-7254.2008.00889.x
https://doi.org/10.1111/j.1745-7254.2008.00889.x
https://doi.org/10.1016/j.coi.2005.01.008
https://doi.org/10.1016/j.coi.2005.01.008
https://doi.org/10.1038/mt.2012.229
https://doi.org/10.1038/mt.2012.229
https://doi.org/10.4161/onci.20981
https://doi.org/10.1073/pnas.1525697113


TNFΑ OVEREXPRESSION MODULATES TUMORIGENIC PROPERTIES OF CRC 361

[10]	 VANHAESEBROECK B, MAREEL M, VAN ROY F, GROO-
TEN J, FIERS W. Expression of the Tumor Necrosis Factor 
Gene in Tumor Cells Correlates with Reduced Tumorigenic-
ity and Reduced Invasiveness in Vivo. Cancer Res 1991; 51: 
2229–2238.

[11]	 HOCK H, DORSCH M, KUNZENDORF U, QIN Z, DIA-
MANTSTEIN T et al. Mechanisms of rejection induced by 
tumor cell-targeted gene transfer of interleukin 2, interleu-
kin 4, interleukin 7, tumor necrosis factor, or interferon γ. 
Proc Natl Acad Sci USA 1993; 90: 2774–2778. https://doi.
org/10.1073/pnas.90.7.2774

[12]	 AL-ZOUBI M, CHIPITSYNA G, SAXENA S, SAROSIEK K, 
GANDHI A et al. Overexpressing TNF-Alpha in Pancreatic 
Ductal Adenocarcinoma Cells and Fibroblasts Modifies Cell 
Survival and Reduces Fatty Acid Synthesis via Downregula-
tion of Sterol Regulatory Element Binding Protein-1 and Ac-
tivation of Acetyl CoA Carboxylase. J Gastrointest Surg 2014; 
18: 257–268. https://doi.org/10.1007/s11605-013-2370-7

[13]	 AL-ZOUBI M, SALEM AF, MARTINEZ-OUTSCHOORN 
UE, WHITAKER-MENEZES D, LAMB R et al. Creating a 
tumor-resistant microenvironment Cell-mediated deliv-
ery of TNFα completely prevents breast cancer tumor for-
mation in vivo. Cell Cycle 2013; 12: 480–490. https://doi.
org/10.4161/cc.23370

[14]	 MONTFORT A, COLACIOS C, LEVADE T, ANDRIEU-
ABADIE N, MEYER N et al. The TNF paradox in cancer 
progression and immunotherapy. Front Immunol 2019; 10: 
1818. https://doi.org/10.3389/fimmu.2019.01818

[15]	 MARINO A, GIANI T, CIMAZ R. Risks associated with use 
of TNF inhibitors in children with rheumatic diseases. Ex-
pert Rev Clin Immunol 2019; 15: 189–198. https://doi.org/1
0.1080/1744666X.2019.1550359

[16]	 BIOZZI G, RIBEIRO OG, SARAN A, ARAUJO ML, MARIA 
DA et al. Effect of genetic modification of acute inflamma-
tory responsiveness on tumorigenesis in the mouse. Carci-
nogenesis 1998; 19: 337–346. https://doi.org/10.1093/car-
cin/19.2.337

[17]	 HOPTION CANN SA, VAN NETTEN JP, VAN NETTEN C. 
Acute infections as a means of cancer prevention: Opposing 
effects to chronic infections? Cancer Detect Prev 2006; 30: 
83–93. https://doi.org/10.1016/j.cdp.2005.11.001

[18]	 KØSTNER AH, JOHANSEN RF, SCHMIDT H,  MOLLE 
I. Regression in cancer following fever and acute infection. 
Acta Oncol 2013; 52: 455–457. https://doi.org/10.3109/0284
186X.2012.711954

[19]	 CALZASCIA T, PELLEGRINI M, HALL H, SABBAGH L, 
ONO N et al. TNF-α is critical for antitumor but not antiviral 
T cell immunity in mice. J Clin Invest 2007; 117: 3833–3845. 
https://doi.org/10.1172/JCI32567

[20]	 POTURNAJOVA M, KOZOVSKA Z, MATUSKOVA M. Al-
dehyde dehydrogenase 1A1 and 1A3 isoforms – mechanism 
of activation and regulation in cancer. Cell Signal 2021; 87: 
110120. https://doi.org/10.1016/j.cellsig.2021.110120

[21]	 DURINIKOVA E, KOZOVSKA Z, POTURNAJOVA M, 
PLAVA J, CIERNA Z et al. ALDH1A3 upregulation and 
spontaneous metastasis formation is associated with ac-
quired chemoresistance in colorectal cancer cells. BMC 
Cancer 2018; 18: 1–15. https://doi.org/10.1186/s12885-018-
4758-y

[22]	 PICKUP MV, MOUW JK, WEAVER VM. The extracellular 
matrix modulates the hallmarks of cancer.  EMBO Rep 2014; 
15: 1243–1253. https://doi.org/10.15252/embr.201439246

[23]	 VADAY GG, HERSHKOVIZ R, RAHAT MA, LAHAT N, 
CAHALON L et al. Fibronectin-bound TNF-α stimulates 
monocyte matrix metalloproteinase-9 expression and regu-
lates chemotaxis. J Leukoc Biol 2000; 68: 737–747. https://
doi.org/10.1189/jlb.68.5.737

[24]	 YEOW YL, KOTAMRAJU VR, WANG X, CHOPRA M, 
AZME N et al. Immune‐mediated ECM depletion improves 
tumour perfusion and payload delivery. EMBO Mol Med 
2019; 11: 1–20. https://doi.org/10.15252/emmm.201910923

[25]	 TYCIAKOVA S, MATUSKOVA M, BOHOVIC R, POLA-
KOVA K, TORO L et al. Genetically engineered mesenchy-
mal stromal cells producing TNFα have tumour suppressing 
effect on human melanoma xenograft. J Gene Med 2015; 17: 
54–67. https://doi.org/10.1002/jgm.2823

[26]	 TYCIAKOVA S, VALOVA V, SVITKOVA B, MATUSKOVA 
M. Overexpression of TNFα induces senescence, autophagy 
and mitochondrial dysfunctions in melanoma cells. BMC 
Cancer 2021; 21: 507. https://doi.org/10.1186/s12885-021-
08237-1

[27]	 KOZOVSKA Z, PATSALIAS A, BAJZIK V, DURINIKOVA 
E, DEMKOVA L et al. ALDH1A inhibition sensitizes colon 
cancer cells to chemotherapy. BMC Cancer 2018; 18: 1–11. 
https://doi.org/10.1186/s12885-018-4572-6

[28]	 BURKHOLDER B, HUANG RY, BURGESS R, LUO S, 
JONES VS et al. Tumor-induced perturbations of cytokines 
and immune cell networks. Biochim Biophys Acta 2014; 
1845: 182–201. https://doi.org/10.1016/j.bbcan.2014.01.004

[29]	 OLIFF A, DEFEO-JONES D, BOYER M, MARTINEZ D, 
KIEFER D et al. Tumors secreting human TNF/cachectin 
induce cachexia in mice. Cell 1987; 50: 555–563. https://doi.
org/10.1016/0092-8674(87)90028-6

[30]	 TYCIAKOVA S, MATUSKOVA M, BOHOVIC R, KUCERO-
VA L. Mesenchymal stromal cells producing TNFα lack in-
hibitory effect against A375 experimental lung metastases. 
Neoplasma 2017; 64: 222–227. https://doi.org/10.4149/
neo_2017_208

[31]	 STOELCKER B, RUHLAND B, HEHLGANS T, BLUETH-
MANN H, LUTHER T et al. Tumor necrosis factor induces 
tumor necrosis via tumor necrosis factor receptor type 1-ex-
pressing endothelial cells of the tumor vasculature. Am J 
Pathol 2000; 156: 1171–1176. https://doi.org/10.1016/S0002-
9440(10)64986-3

[32]	 LEWIS M, TARTAGLIA LA, LEE A, BENNETT GL, RICE 
GC et al. Cloning and expression of cDNAs for two distinct 
murine tumor necrosis factor receptors demonstrate one re-
ceptor is species specific. Proc Natl Acad Sci U S A. 1991; 88: 
2830–2834. https://doi.org/10.1073/pnas.88.7.2830

[33]	 WU TH, PABIN CN, QIN Z, BLANKENSTEIN T, PHILIP 
M et al. Long-term suppression of tumor growth by TNF re-
quires a Stat1- and IFN regulatory factor 1-dependent IFN-
gamma pathway but not IL-12 or IL-18. J Immunol 2004; 172: 
3243–3251. https://doi.org/10.4049/jimmunol.172.5.3243

https://doi.org/10.1073/pnas.90.7.2774
https://doi.org/10.1073/pnas.90.7.2774
https://doi.org/10.1007/s11605-013-2370-7
https://doi.org/10.4161/cc.23370
https://doi.org/10.4161/cc.23370
https://doi.org/10.3389/fimmu.2019.01818
https://doi.org/10.1080/1744666X.2019.1550359
https://doi.org/10.1080/1744666X.2019.1550359
https://doi.org/10.1093/carcin/19.2.337
https://doi.org/10.1093/carcin/19.2.337
https://doi.org/10.1016/j.cdp.2005.11.001
https://doi.org/10.3109/0284186X.2012.711954
https://doi.org/10.3109/0284186X.2012.711954
https://doi.org/10.1172/JCI32567
https://doi.org/10.1016/j.cellsig.2021.110120
https://doi.org/10.1186/s12885-018-4758-y
https://doi.org/10.1186/s12885-018-4758-y
https://doi.org/10.15252/embr.201439246
https://doi.org/10.1189/jlb.68.5.737
https://doi.org/10.1189/jlb.68.5.737
https://doi.org/10.15252/emmm.201910923
https://doi.org/10.1002/jgm.2823
https://doi.org/10.1186/s12885-021-08237-1
https://doi.org/10.1186/s12885-021-08237-1
https://doi.org/10.1186/s12885-018-4572-6
https://doi.org/10.1016/j.bbcan.2014.01.004
https://doi.org/10.1016/0092-8674 (87)90028-6
https://doi.org/10.1016/0092-8674 (87)90028-6
https://doi.org/10.4149/neo_2017_208
https://doi.org/10.4149/neo_2017_208
https://doi.org/10.1016/S0002-9440(10)64986-3
https://doi.org/10.1016/S0002-9440(10)64986-3
https://doi.org/10.1073/pnas.88.7.2830
https://doi.org/10.4049/jimmunol.172.5.3243


362 Silvia TYCIAKOVA, et al.

[34]	 KOELZER VH, CANONICA K, DAWSON H, SOKOL L, 
KARAMITOPOULOU-DIAMANTIS E Et al. Phenotyp-
ing of tumor-associated macrophages in colorectal cancer: 
Impact on single cell invasion (tumor budding) and clinico-
pathological outcome. Oncoimmunology 2015; 5: e1106677. 
https://doi.org/10.1080/2162402X.2015.1106677

[35]	 CARMI Y, PRESTWOOD T, ENGLEMAN EG. Tumor-bind-
ing antibodies induce potent dendritic cell-mediated tumor 
immunity. Oncoimmunology 2018; 8: e1078063. https://doi.
org/10.1080/2162402X.2015.1078063

[36]	 JANJIC BM, KULKARNI A, FERRIS RL, VUJANOVIC L, 
VUJANOVIC NL. Human B Cells Mediate Innate Anti-
Cancer Cytotoxicity Through Concurrent Engagement of 
Multiple TNF Superfamily Ligands. Front Immunol 2022; 
13: 837842. https://doi.org/10.3389/fimmu.2022.837842

[37]	 COLUCCI F, DI SANTO JP, LEIBSON PJ. Natural killer 
cell activation in mice and men: different triggers for simi-
lar weapons? Nat Immunol 2002; 3: 807–813. https://doi.
org/10.1038/ni0902-807

[38]	 ZSCHALER J, SCHLORKE D, ARNHOLD J. Differences in 
innate immune response between man and mouse. Crit Rev 
Immunol 2014; 34: 433–454.

[39]	 KIM S, IIZUKA K, AGUILA HL, WEISSMAN IL, YOKOYA-
MA WM. In vivo natural killer cell activities revealed by nat-
ural killer cell-deficient mice. Proc Natl Acad Sci U S A 2000; 
97: 2731–2736. https://doi.org/10.1073/pnas.050588297

[40]	 AL-MAGHRABI J, EMAM E, GOMAA W. Immunohis-
tochemical staining of cytokeratin 20 and cytokeratin 7 in 
colorectal carcinomas: Four different immunostaining pro-
files. Saudi J Gastroenterol 2018; 24: 129–134. https://doi.
org/10.4103/sjg.SJG_465_17

[41]	 HRUDKA J, FIŠEROVÁ H, JELÍNKOVÁ K, MATĚJ R, 
WALDAUF P. Cytokeratin 7 expression as a predictor of an 
unfavorable prognosis in colorectal carcinoma. Sci Rep 2021; 
11: 17863. https://doi.org/10.1038/s41598-021-97480-4

[42]	 IMAI Y, YAMAGISHI H, FUKUDA K, OKAMURA T, ONO 
Y et al. Expression of cytokeratin 20 indicates invasive histo-
logical phenotype in poorly differentiated colorectal adeno-
carcinoma. Anticancer Res 2014; 34: 159–167.

[43]	 KOZOVSKA Z, GABRISOVA V, KUCEROVA L. Colon 
cancer: cancer stem cells markers, drug resistance and treat-
ment. Biomed Pharmacother 2014; 68: 911–916. https://doi.
org/10.1016/j.biopha.2014.10.019

[44]	 MOREB JS, TURNER C, SREERAMA L, ZUCALI JR, 
SLADEK NE et al. Interleukin-1 and tumor necrosis factor 
alpha induce class 1 aldehyde dehydrogenase mRNA and 
protein in bone marrow cells. Leuk Lymphoma 1995; 20: 
77–84. https://doi.org/10.3109/10428199509054756

[45]	 LIU W, LU X, SHI P, YANG G, ZHOU Z et al. TNF-α in-
creases breast cancer stem-like cells through up-regulating 
TAZ expression via the non-canonical NF-κB pathway. Sci 
Rep 2020; 10: 1804. https://doi.org/10.1038/s41598-020-
58642-y

[46]	 GRIMM M, LAZARIOTOU M, KIRCHER S, HÖFELMAYR 
A, GERMER CT et al. Tumor necrosis factor-α is associated 
with positive lymph node status in patients with recurrence 
of colorectal cancer-indications for anti-TNF-α agents in 
cancer treatment. Cell Oncol (Dordr) 2011; 34: 315–326. 
https://doi.org/10.1007/s13402-011-0027-7

[47]	 SZADVARI I, KRIZANOVA O, BABULA P. Athymic nude 
mice as an experimental model for cancer treatment. Physiol 
Res 2016; 65: S441–S453. https://doi.org/10.33549/physiol-
res.933526

[48]	 SHIBATA S, ASANO T, OGURA A, HASHIMOTO 
N, HAYAKAWA J et al. SCID-bg mice as xenograft re-
cipients. Lab Anim 1997; 31: 163–168. https://doi.
org/10.1258/002367797780600107

https://doi.org/10.1080/2162402X.2015.1106677
https://doi.org/10.1080/2162402X.2015.1078063
https://doi.org/10.1080/2162402X.2015.1078063
https://doi.org/10.3389/fimmu.2022.837842
https://doi.org/10.1038/ni0902-807
https://doi.org/10.1038/ni0902-807
https://doi.org/10.1073/pnas.050588297
https://doi.org/10.4103/sjg.SJG_465_17
https://doi.org/10.4103/sjg.SJG_465_17
https://doi.org/10.1038/s41598-021-97480-4
https://doi.org/10.1016/j.biopha.2014.10.019
https://doi.org/10.1016/j.biopha.2014.10.019
https://doi.org/10.3109/10428199509054756
https://doi.org/10.1038/s41598-020-58642-y
https://doi.org/10.1038/s41598-020-58642-y
https://doi.org/10.1007/s13402-011-0027-7
https://doi.org/10.33549/physiolres.933526
https://doi.org/10.33549/physiolres.933526
https://doi.org/10.1258/002367797780600107
https://doi.org/10.1258/002367797780600107

