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Abstract. TNFa is an essential pro-inflammatory cytokine that is prevalent in the tumor
microenvironment and is involved in mediating or activating many significant signaling pathways
which result in inflammation, apoptosis, and tumor cell proliferation, survival, and invasiveness. In
breast cancer, TNFa is involved throughout all stages from occurrence, development, procession,
and metastasis to recurrence. Researchers have pointed out that TNFa plays a major role in the
estrogen biosynthesis pathway, especially in the process of adipose tissue switching to estrogen. In
the breast tumor microenvironment, TNFa may participate in the mediation of estrone sulfatase
expression and activity. In terms of therapeutics, methods to suppress TNFa signaling in breast
cancer have been proposed. To neutralize the pro-tumor and inflammatory effects of TNFa, most
research opts to use anti-TNFa antibodies. According to the research, the administration of TNFa
antagonists can suppress the development of breast cancer cells and strengthen the
chemotherapeutic response when used as adjuvant therapy with chemotherapy. Consequently,
tumor drug resistance can be well controlled. However, some side effects like systemic toxicity, the
typical skin lesion, and the increasing risk of developing new cancers are still major issues. More
extensive clinical trials have to be carried out for deeper investigation. This paper gives an overview
of the intrinsic features of TNFa as a cytokine and gets insight into the pathophysiological
mechanisms mediated by TNFa in breast cancer. Furthermore, the current state of knowledge in
terms of TNF-related therapeutic strategies was adequately summarized and discussed.
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1. Introduction

Tumor Necrosis Factor-a(TNFa) is a significant pro-inflammatory cytokine that possesses pro-
inflammatory characteristics and is involved in tumor cell proliferation, apoptosis, and survival. The
human TNFa gene is localized on chromosome 6 and is approximately 3 kilobases in length with 4
exons. TNFa exists in two forms: the membrane-bound form (mTNFa) and the soluble form (sTNFa).
During synthesis, when TNFa translocates to the cell membrane, it can be converted into sSTNFa by
the TNFa converting enzyme (TACE) there. Consequently, transmembrane TNFo(tmTNFa) is a
precursor version of sSTNFa that is formed as a homotrimer on the transmembrane TNFa-bearing cells
(TNFa-producing cells). It is composed of 157 amino acids (aa) and a 76 aa leader sequence. The
function of mTNFa can be as both a ligand and a receptor, that is, tmTNFa acts as a ligand by binding
to TNFa receptors as well as functioning as a receptor that transmits reversed signals back into the
TNFa-producing cells [1]. While sTNFa receptors can bind to the cytokines on the cell membrane
and initiate reverse signaling [2]. Hence, the tmTNFa shows up to mediate therapeutic effects, while
the sTNFa is associated with the pathologic effects [3].

Breast cancer is the most common malignancy in women and the fifth cause of cancer death
worldwide. In the original studies, high concentrations of TNFa could be detected in a breast tumor
environment, especially with stimulated estrogen production, i.e., the estrogen receptor (ER) -positive
breast cancer. It is also worth noting that TNFa plays a vital role in every step of breast cancer growth,
impacting cancer oncogenesis, survival, metastasis, recurrence, and therapeutic resistance [4, 5].
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2. Intracellular TNFa signaling pathways

As a trimer, TNFa effects by binding to and clustering high-affinity receptors located on cell
membranes. TNFa is known to interact with two distinct tumor necrosis factor receptors (TNFRs).
TNFR1, which is presented on the surface of most body cells, can be activated when combined with
TNFa, then recruits cytoplasmic adaptor proteins, and results in the activation of numerous signaling
pathways [6], including the signaling of NF-kB, mitogen-activated protein kinase (p38/MAPK), c-
Jun N-terminal kinase (JNK), and so forth. The intracellular signaling pathways are shown in Figure
1. When TNFR1 is shed and blocked with other free ligands, the TNFa-induced signaling is about to
be prevented by the TNFR1 complex [7].
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Figure 1. Intracellular TNFa signaling pathways

There are mainly two different results in TNFR1 activation. Inflammation and cell survival
pathways are triggered as the basic pathway. A series of inflammatory cytokines and growth factors
are released when ligands attach to TNFR1 and then promote the kB kinase (IKK) complex, which
subsequently induces the nuclear factor-kB(NF-kB). It is crucial to highlight that the nonselective
activation of NF-kB via TNFa has significant effects on anti-apoptotic factors such as CylinD1, BCL-
2, and superoxide dismutase [8].

When NF-kB activation is insufficient, apoptosis develops as a late reply to TNFa activation. A
protein termed TNFR associated death domain (TRADD) is recruited by TNF/TNFR1 activation and
can be engaged in two different ways. One way is that TRADD can recruit the Fas-associated protein
with death domain (FADD) that, in turn, induces caspase-8 and caspase-3 pathways [9]. TRADD can
also stimulate the mitochondria to generate reactive oxygen species (ROS) and cause caspase-9 and
caspase-3 pathways. Additionally, the aggregation of intracellular reactive oxygen and persistent
activation of Jun amino-terminal kinase (JNK) can also contribute to apoptosis [10].

On the contrary, TNFR2 lacks a death domain and is expressed on hematopoietic cells or other
specialized tissues, whereas the cell signaling activation is not fully understood. Several studies
demonstrated that TNFR2 can directly bind to TNFR-associated factor 2 (TRAF2), and as well as
activate the NF-xB and MAPK signaling pathways [11].
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3. Pathophysiological mechanism of TNFa in breast cancer

3.1. TNFa is involved in the estrogen biosynthesis pathway

Endogenous estrogens and their metabolites have long been linked to the development of breast
cancer. And the estrogen receptor (ER) is seen as a vital biomarker to evaluate the risk, prognosis,
and therapeutic effect of breast cancer [12]. Based on this, some studies found that TNFa played a
role in the mediation of estrone biosynthesis and activity (shown in Figure 2).
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Figure 2. TNFa impacts the estrogen biosynthesis pathway

In adult females, estrogen is converted from androstenediones mainly in the ovaries by the key
enzyme—aromatase. Researchers have pointed out that high expression of aromatase leads to high
levels of estrogen and induces ER-positive breast cancer development [13]. However, estrogen
biosynthesis switches from the ovary to the adipose tissue, especially in breast adipose, via the use of
distal promoter 1.4 (P1.4) during menopause or ovarian dysfunction. In vitro, cytokines such as TNFa,
IL-6, or IL-11 can be used to enhance PI.4 activity in cooperation with the manmade glucocorticoid
dexamethasone [14, 15].

In particular, the expression and efficiency of estrone sulfatase may also be regulated by TNFa in
the breast tumor microenvironment. Estrone sulfatase converts estrone sulfate-a physiological inert
form for storage- back to estrone. Most breast cancers produce high levels of estrone sulfatase mMRNA
compared to normal ones, and this has been linked to both increased tumor size and a worse prognosis
[16, 17]. In the fibroblasts generated from normal and malignant breast tissue, TNFa enhances the
activity of estrone sulfatase but not the level of its transcript [18].

Thus, the increase of tumor-derived TNFa has been taken as a more aggressive character, and it
appears to respond strongly to the TNFa-induced proliferation signaling in menopausal ER-positive
breast cancer [19].

3.2. TNFa participated in progression, metastasis, and therapeutic resistance of breast cancer

The NF-xB pathway is an anti-apoptotic signaling pathway that induces the transcription of
CyclinD1, Bcl-xL, TWIST, and SNAIL stabilization, resulting in tumor survival, invasiveness, and
stress immune response. With the NF-kB pathway being activated by TNFo accumulation, the
chemokine CXCL1/2 also overexpressed in the breast TME to mediate cancer metastasis and
chemoresistance. High expression of CXCL1/2 recruits specific myeloid cells into the tumor site, and
specific myeloid cells, in turn, produce another kind of chemokine S100A8/9 which can stimulate
cancer cell survival. On the contrary, several studies have demonstrated that when TNFa was silenced,
the proliferation and motility of the triple-negative breast cancer cell were abolished and apoptosis
was promoted [20].

Independently of NF-kB, TNFa triggers stimulate the JNK, PI3K/AKT, and p38/MAPK pathways
and activate the c-Jun signaling which is an alternative pathway to breast cancer proliferation and
progression [21]. The c-Jun activation also induces the transcription of P53, MMP9/13, and other
proteins, promoting tumor invasion and metastasis (shown in Figure 3).
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Figure 3. TNFa-induced pathogenic mechanisms in breast cancer

In addition, high levels of the ATP Binding Cassette Transporter 2 (ABCGZ2) can be found in the
tumor tissues, that is noted to the cause of drug resistance. Researchers observed that ABCG2 is
involved in poor responses to chemotherapy through estrogen signaling and NF-kB cooperativity [22].
Hence, TNFa may have critical effects on the therapy resistance of breast cancer.

3.3. Serum concentration of TNFa in breast cancer patients

In recent decades, TNFa levels in serum have been demonstrated to be significantly associated
with the activity and progression of disease and cancer, such as periodontal disease, ankylosing
spondylitis, skin cancer, hematological tumor, etc [23-25]. In breast cancer patients, elevated levels
of TNFa can be detected both in blood serum and in the tumor tissue [26]. The high serum
concentration of TNFa is interconnected with the clinical disease stage, lymph node metastasis, and
other clinicopathological characteristics of the patients. Thus, TNFa can be utilized as a predictive
cancer biomarker for cancer treatments response. The finding, which is consistent with clinical
observations and animal research, indicates that tumor endogenously released TNFa increases tumor
proliferation and survival rather than regression [27].

4. Anti-TNFa therapeutics strategies

In the majority of cases, patients with breast cancer can generally show better responses when they
are treated according to the standard treatments. However, cancer recurrence can be induced in some
conditions by cancer cell survival after the first line of treatment. Even more, the fewer responses of
cancer cells or the over-time response to drug exposure can lead to therapy resistance events. Hence,
two main therapeutic strategies have been studied depending on TNFa-related treatment in breast
cancer. One type of treatment is the administration of exogenous TNFa as a single agent or as
adjuvant therapy. In the first two decades since TNFa was found in 1975 to promote hemorrhagic
necrosis of tumors, the systemic administration of the recombinant human TNFa (thTNFa) has been
trailed as a single agent in many advanced cancers including breast cancer. All clinical trials revealed
significant systemic toxicity and almost no effect on anti-cancer therapy. Another treatment strategy
is to utilize the specific monoclonal TNFa antibodies to neutralize endogenous TNFa. The latter is
more efficient and extensively used. However, most studies on TNFa antagonists administration are
in vivo and animal models, and the available data from clinical trials is extremely limited.
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4.1. Antibodies against TNFa,

As mentioned above, TNFa antagonists can be carried out by monoclonal antibodies, fusion
proteins, and dominant-negative substances. One is the antibodies against TNFa. That is anti-TNFa
antibodies (Infliximab/Remicade, Adalimumab/Humira, and Golimumab). Research has presented
that Infliximab, the chimeric murine monoclonal TNFa inhibiter, showed a high affinity to bind with
TNFa. In BALB/c mice-bearing MDA-MB-231 breast cancer models, the infliximab treatment group
demonstrated that not only the number of metastases but also the range of each metastasis lesion was
significantly reduced compared with the control group [28].

In addition, a nanobody-based antibody was created to neutralize human TNFa selectively in
Pichia pastoris. In vivo, the TNFa nanobody can suppress the spread and migration of the MCF-7
breast cancer cells, but also the aggression of MDA-MB-231 cells. Furthermore, the TNFa nanobody
drug administration combined with paclitaxel dramatically improved the 4T-1 breast cancer
sensibility to the chemotherapeutic response and the efficacy against tumor proliferation and lung
metastasis in vivo [29].

4.2. Recombinant soluble receptors to inhibit TNFa

Another TNFo inhibitor is a recombinant soluble receptor (Fc fragments of human
immunoglobulin 1 joined to extracellular domains of TNFR1/2) to prevent the interaction of TNFa
with TNFRs. For instance, Etanercept/Enbrel is a recombinant human soluble p75 TNFa receptor that
binds to TNFa and renders it biologically unavailable. Mercogliano M. F. et al. explored various
types of experiments and demonstrated that administration of Etanercept combined with HER2-
blockade (Trastuzumab) overcame de novo Trastuzumab resistance in HER2-positive breast cancer
cells. Hence, the patients with MUCA4-positive and HER2-positive breast cancer could be
beneficiaries of a combination treatment of TNFa-blocking antibodies with Trastuzumab [30].

4.3. Combination of TNFa antagonists as adjuvant therapy

In recent studies, data showed better results when a combination of TNFa with the doxorubicin
chemotherapy in vivo [31]. And in mouse-bearing breast cancer models, TNFo administration
appeared to be efficient in improving standard chemotherapy outcomes, since the tumor size was
reduced obviously [32, 33]. Nevertheless, these studies that TNFo, was administered by intra-tumoral
injection were all previous clinical trials, thereby the major problem of TNFa systemic toxicity is still
left in the basket.

The only limited phase Il clinical trial study in sixteen recruited patients with progressive
metastatic breast cancer appeared to that Etanercept as a recombinant human soluble TNFa blocker
is safe and well-tolerated. Etanercept demonstration can interfere with TNFa signaling and reduce
the IL-6 and CCL2 levels in the serum. However, no partial or complete treatment response was
shown in the patients, which may be due to the advanced stage of breast cancer [34].

Therefore, based on these therapeutic strategies of TNFa antagonists administration or as adjuvant
therapy with chemotherapies in breast cancer, TNFa is still an attractive target potentially useful and
is worthy of further investigation.

4.4, Side effects of TNFao antagonist

At present, most TNFa blockers are highly expensive. Moreover, some side effects produced by
these TNFa antagonists are still a major issue. For instance, as immunosuppressant drugs, Infliximab,
Etanercept, and Adalimumab may not only cause serious infections like tuberculosis or fungal
infections but also increase the risk of secondary tumors.

European Crohn's and Colitis Organization (ECCO) recommended that patients with obstructive
symptoms should tread cautiously when receiving anti-TNFa medication for active inflammatory CD.
Particular care should be given to avoid the opportunistic infections as a side effect of anti-TNFa
medication [35]. Additionally, two studies have revealed that rheumatoid arthritis patients with anti-
TNFa therapies may have a high probability of secondary skin cancer or hematological malignancies
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[36]. But the investigators also noted that there was no direct evidence of the TNFa inhibitors or the
advanced disease itself as having caused the acquired lymphoma [37]. Furthermore, one study on
patients who had ever been diagnosed with cancer showed that the anti-TNFa therapy may have a
low risk of recurrent cancer when treating inflammatory bowel disease at this time [38]. Contrarily,
another study found that TNFa blockers did not increase the recurrence of breast cancer in patients
with rheumatoid arthritis [39].

These results are confusing since individuals with prior tumors are more likely to acquire new
cancers, therefore the recurrent cancer cannot be totally referred to the anti-TNFa medications. Thus,
how to make the TNFa-blocked agents more effective and affordable is still undergoing research and
exploration.

5. Conclusion

As a pleiotropic cytokine, TNFa plays a vital role in affecting breast cancer oncogenesis,
progression, recurrence, and therapeutic resistance. In breast cancer patients, elevated levels of TNFa
can be detected both in blood serum and in tumor tissue. Patients with a high level of this cytokine
are more likely to have had an advanced clinicopathological malignant sign. With the accumulation
of TNFa, the NF-xB pathway was activated and cooperated with the ER signaling, resulting in the
overexpression of the ABCG2 gene and the chemokine CXCL1/2. As a result, TNFa may further
mediate breast cancer metastasis and chemoresistance. TNFo antagonists contain anti-TNFa
antibodies (Infliximab/Remicade, Adalimumab/Humira, and Golimumab) and TNFa-blocked agents
(Denosumab, Etanercept/Enbrel). Several preclinical investigations have shown that TNF-based
treatments work synergistically with both conventional chemotherapy and radiation to significantly
enhance outcomes. In particular, the administration of TNFa antagonists as adjuvant therapy
combined with standard chemotherapy was more investigated in the preclinical experiments currently
and appeared to be effective to reduce the tumor size, increase the chemotherapeutic response, and
be well controlled of the tumor acquired drug resistance. In the limited phase Il clinical trial,
Etanercept as a recombinant human soluble TNFao blocker was found to be safe and well-tolerated;
nevertheless, hardly a partial or complete response to treatment was seen in the advanced breast
cancer patients. However, some side effects like systemic toxicity, the typical skin lesion, and an
increased risk of developing new cancers are still major issues. Research with detailed data is also
extremely limited. Therefore, more extensive clinical trials have to be carried out for deeper
investigation, but how to make the TNFa-blocked agents more safe, effective, and affordable is also
undergoing research and exploration.

References

[1] Eissner, G., Kolch, W., & Scheurich, P. (2004). Ligands working as receptors: reverse signaling by
members of the TNF superfamily enhance the plasticity of the immune system. Cytokine & growth factor
reviews, 15 (5), 353-366.

[2] Mitoma, H., Horiuchi, T., & Tsukamoto, H. (2004). Binding activities of infliximab and etanercept to
transmembrane tumor necrosis factor-alpha. Gastroenterology, 126 (3), 934-936.

[3] Arora, T., Padaki, R., Liu, L., Hamburger, A. E., Ellison, A. R., Stevens, S. R., Louie, J. S., & Kohno, T.
(2009). Differences in binding and effector functions between classes of TNF antagonists. Cytokine, 45
(2), 124-131.

[4] Kornbluth, R. S., & Edgington, T. S. (1986). Tumor necrosis factor production by human monocytes is a
regulated event: induction of TNF-alpha-mediated cellular cytotoxicity by endotoxin. Journal of
immunology (Baltimore, Md.: 1950), 137 (8), 2585-2591.

[5] Miles, D. W., Happerfield, L. C., Naylor, M. S., Bobrow, L. G., Rubens, R. D., & Balkwill, F. R. (1994).
Expression of tumour necrosis factor (TNF alpha) and its receptors in benign and malignant breast tissue.
International journal of cancer, 56 (6), 777—782.

477



Highlights in Science, Engineering and Technology BEHDP 2022
Volume 8 (2022)

[6] Vanamee, E S., & Faustman, D. L. (2018). Structural principles of tumor necrosis factor superfamily
signaling. Science signaling, 11 (511), eaa04910.

[7] Idriss, H. T., & Naismith, J. H. (2000). TNF alpha and the TNF receptor superfamily: structure-function
relationship (s). Microscopy research and technique, 50 (3), 184-195.

[8] Balkwill F. (2009). Tumour necrosis factor and cancer. Nature reviews. Cancer, 9 (5), 361-371.

[9] Hsu, H., Shu, H. B., Pan, M. G., & Goeddel, D. V. (1996). TRADD-TRAF2 and TRADD-FADD
interactions define two distinct TNF receptor 1 signal transduction pathways. Cell, 84 (2), 299-308.

[10] Rincheval, V., Bergeaud, M., Mathieu, L., Leroy, J., Guillaume, A., Mignotte, B., Le Floch, N., &
Vayssiére, J. L. (2012). Differential effects of Bcl-2 and caspases on mitochondrial permeabilization
during endogenous or exogenous reactive oxygen species-induced cell death: a comparative study of H20-,
paraquat, t-BHP, etoposide and TNF-a-induced cell death. Cell biology and toxicology, 28 (4), 239-253.

[11] Aggarwal, B. B., Gupta, S. C., & Kim, J. H. (2012). Historical perspectives on tumor necrosis factor and
its superfamily: 25 years later, a golden journey. Blood, 119 (3), 651-665.

[12] Burguin, A., Diorio, C., & Durocher, F. (2021). Breast Cancer Treatments: Updates and New Challenges.
Journal of personalized medicine, 11 (8), 808.

[13] Bulun, S. E., Price, T. M., Aitken, J., Mahendroo, M. S., & Simpson, E. R. (1993). A link between breast
cancer and local estrogen biosynthesis suggested by quantification of breast adipose tissue aromatase
cytochrome P450 transcripts using competitive polymerase chain reaction after reverse transcription. The
Journal of clinical endocrinology and metabolism, 77 (6), 1622-1628.

[14] Zhao, Y., Nichols, J. E., Bulun, S. E., Mendelson, C. R., & Simpson, E. R. (1995). Aromatase P450 gene
expression in human adipose tissue. Role of a Jak/STAT pathway in regulation of the adipose-specific
promoter. The Journal of biological chemistry, 270 (27), 16449-16457.

[15] Zhao, Y., Nichols, J. E., Valdez, R., Mendelson, C. R., & Simpson, E. R. (1996). Tumor necrosis factor-
alpha stimulates aromatase gene expression in human adipose stromal cells through use of an activating
protein-1 binding site upstream of promoter 1.4. Molecular endocrinology (Baltimore, Md.), 10 (11),
1350-1357.

[16] Utsumi, T., Yoshimura, N., Maruta, M., Takeuchi, S., Ando, J., Maeda, K., & Harada, N. (1999).
Significance of Steroid Sulfatase Expression in Human Breast Cancer. Breast cancer (Tokyo, Japan), 6
(4), 298-300.

[17] Utsumi, T., Yoshimura, N., Takeuchi, S., Ando, J., Maruta, M., Maeda, K., & Harada, N. (1999). Steroid
sulfatase expression is an independent predictor of recurrence in human breast cancer. Cancer research,
59 (2), 377-381.

[18] A Purohit, A., Wang, D. Y., Ghilchik, M. W., & Reed, M. J. (1996). Regulation of aromatase and
sulphatase in breast tumour cells. The Journal of endocrinology, 150 Suppl, S65-S71.

[19] To, S. Q., Knower, K. C., & Clyne, C. D. (2013). Origins and actions of tumor necrosis factor a in
postmenopausal breast cancer. Journal of interferon & cytokine research: the official journal of the
International Society for Interferon and Cytokine Research, 33 (7), 335-345.

[20] Pileczki, V., Braicu, C., Gherman, C. D., & Berindan-Neagoe, 1. (2012). TNF-o gene knockout in triple
negative breast cancer cell line induces apoptosis. International journal of molecular sciences, 14 (1), 411-
420.

[21] Mercogliano, M. F., Bruni, S., Elizalde, P. V., & Schillaci, R. (2020). Tumor Necrosis Factor a Blockade:
An Opportunity to Tackle Breast Cancer. Frontiers in oncology, 10, 584.

[22] Pradhan, M., Bembinster, L. A., Baumgarten, S. C., & Frasor, J. (2010). Proinflammatory cytokines
enhance estrogen-dependent expression of the multidrug transporter gene ABCG2 through estrogen
receptor and NF{kappa}B cooperativity at adjacent response elements. The Journal of biological
chemistry, 285 (41), 31100-31106.

[23] Du, J., Sun, J., Wen, Z., Wu, Z., Li, Q., Xia, Y., Yang, Q., & Yang, C. (2022). Serum IL-6 and TNF-a
Levels Are Correlated with Disease Severity in Patients with Ankylosing Spondylitis. Laboratory
medicine, 53 (2), 149-155.

[24] Ghahartars, M., Abtahi, S., Zeinali, Z., Fattahi, M. J., & Ghaderi, A. (2021). Investigation of TNF-o and
IL-6 Levels in the Sera of Non-Melanoma Skin Cancer Patients. Iranian biomedical journal, 25 (2), 88—
92.

478



Highlights in Science, Engineering and Technology BEHDP 2022
Volume 8 (2022)

[25] Stoll, J. R., Vaidya, T. S., Mori, S., Dusza, S. W., Lacouture, M. E., & Markova, A. (2021). Association
of interleukin-6 and tumor necrosis factor-o. with mortality in hospitalized patients with cancer. Journal
of the American Academy of Dermatology, 84 (2), 273-282.

[26] Sheen-Chen, S. M., Chen, W. J., Eng, H. L., & Chou, F. F. (1997). Serum concentration of tumor necrosis
factor in patients with breast cancer. Breast cancer research and treatment, 43 (3), 211-215.

[27] Cruceriu, D., Baldasici, O., Balacescu, O., & Berindan-Neagoe, 1. (2020). The dual role of tumor necrosis

factor-alpha (TNF-a) in breast cancer: molecular insights and therapeutic approaches. Cellular oncology
(Dordrecht), 43 (1), 1-18.

[28] Hamaguchi, T., Wakabayashi, H., Matsumine, A., Sudo, A., & Uchida, A. (2011). TNF inhibitor
suppresses bone metastasis in a breast cancer cell line. Biochemical and biophysical research
communications, 407 (3), 525-530.

[29] Ji, X., Peng, Z., Li, X., Yan, Z., Yang, Y., Qiao, Z., & Liu, Y. (2017). Neutralization of TNFa in tumor
with a novel nanobody potentiates paclitaxel-therapy and inhibits metastasis in breast cancer. Cancer
letters, 386, 24-34.

[30] Mercogliano, M. F., De Martino, M., Venturutti, L., Rivas, M. A., Proietti, C. J., Inurrigarro, G., Frahm,
I., Allemand, D. H., Deza, E. G., Ares, S., Gercovich, F. G., Guzman, P., Roa, J. C., Elizalde, P. V., &
Schillaci, R. (2017). TNFa-Induced Mucin 4 Expression Elicits Trastuzumab Resistance in HER2-
Positive Breast Cancer. Clinical cancer research: an official journal of the American Association for
Cancer Research, 23 (3), 636-648.

[31] Yu, M., Zhou, X., Niu, L., Lin, G., Huang, J., Zhou, W., Gan, H., Wang, J., Jiang, X., Yin, B., & Li, Z.
(2013). Targeting transmembrane TNF-a suppresses breast cancer growth. Cancer research, 73 (13),
4061-4074.

[32] Greish, K., Taurin, S., & Morsy, M. A. (2018). The effect of adjuvant therapy with TNF-a on animal
model of triple-negative breast cancer. Therapeutic delivery, 9 (5), 333-342.

[33] Wu, X., Wu, M. Y., Jiang, M., Zhi, Q., Bian, X., Xu, M. D., Gong, F. R., Hou, J., Tao, M., Shou, L. M.,
Duan, W., Chen, K., Shen, M., & Li, W. (2017). TNF-a sensitizes chemotherapy and radiotherapy against
breast cancer cells. Cancer cell international, 17, 13.

[34] Madhusudan, S., Foster, M., Muthuramalingam, S. R., Braybrooke, J. P., Wilner, S., Kaur, K., Han, C.,
Hoare, S., Balkwill, F., Talbot, D. C., Ganesan, T. S., & Harris, A. L. (2004). A phase Il study of
etanercept (Enbrel), a tumor necrosis factor alpha inhibitor in patients with metastatic breast cancer.
Clinical cancer research: an official journal of the American Association for Cancer Research, 10 (19),
6528-6534.

[35] Dignass, A., Van Assche, G., Lindsay, J. O., Lénann, M., S&lerholm, J., Colombel, J. F., Danese, S.,
D'Hoore, A., Gassull, M., Gomoll&n, F., Hommes, D. W., Michetti, P., O'Morain, C., Oresland, T.,
Windsor, A., Stange, E. F., Travis, S. P., & European Crohn's and Colitis Organisation (ECCO) (2010).
The second European evidence-based Consensus on the diagnosis and management of Crohn's disease:
Current management. Journal of Crohn's & colitis, 4 (2), 28-62.
https://doi.org/10.1016/j.crohns.2009.12.002

[36] Askling, J., Fahrbach, K., Nordstrom, B., Ross, S., Schmid, C. H., & Symmons, D. (2011). Cancer risk
with tumor necrosis factor alpha (TNF) inhibitors: meta-analysis of randomized controlled trials of
adalimumab, etanercept, and infliximab using patient level data. Pharmacoepidemiology and drug safety,
20 (2), 119-130.

[37] Askling, J., Fored, C. M., Baecklund, E., Brandt, L., Backlin, C., Ekbom, A., Sundstr&m, C., Bertilsson,
L., Céter, L., Geborek, P., Jacobsson, L. T., Lindblad, S., Lysholm, J., Rantap&&Dahlqvist, S., Saxne,
T., Klareskog, L., & Feltelius, N. (2005). Haematopoietic malignancies in rheumatoid arthritis: lymphoma
risk and characteristics after exposure to tumour necrosis factor antagonists. Annals of the rheumatic
diseases, 64 (10), 1414-1420.

[38] Poullenot, F., Seksik, P., Beaugerie, L., Amiot, A., Nachury, M., Abitbol, V., Stefanescu, C., Reenaers,
C., Fumery, M., Pelletier, A. L., Nancey, S., Peyrin-Biroulet, L., Bourreille, A., Hébuterne, X., Brixi, H.,
Savoye, G., Louren@, N., Altwegg, R., Buisson, A., Cazelles-Boudier, C., ... le GETAID (2016). Risk
of Incident Cancer in Inflammatory Bowel Disease Patients Starting Anti-TNF Therapy While Having
Recent Malignancy. Inflammatory bowel diseases, 22 (6), 1362-1369.

479



Highlights in Science, Engineering and Technology BEHDP 2022
Volume 8 (2022)

[39] Raaschou, P., Frisell, T., Askling, J., & ARTIS Study Group (2015). TNF inhibitor therapy and risk of
breast cancer recurrence in patients with rheumatoid arthritis: a nationwide cohort study. Annals of the
rheumatic diseases, 74 (12), 2137-2143.

480



