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Rapid Extensive Recurrence of Triple Negative Breast
Cancer: Are Both Therapy and Cancer Biology the Culprit?
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Abstract

Triple negative breast cancer (TNBC) comprises 17-20% of all breast
cancers and is one of the most common breast cancers. The lack of
therapy and failure of existing therapy has been a challenge for clini-
cians. Doxorubicin (DOX) is the first-line therapy, however, it has sig-
nificant limitations. Rapid extensive recurrence with metastasis in any
cancer has been a challenge for surgeons and medical oncologists. The
challenge can be due to failure of therapy, drug resistance, or epigenetic
changes. Here, we are discussing a stage I breast cancer patient, operat-
ed and treated with appropriate chemotherapy with complete response,
which recurred in less than 8 months and metastasized to bone, liver
and other organs. We are also presenting lab data of the IL-6 secre-
tions on exposure to DOX in one of the most commonly used TNBC
cell lines MDA-MB-231. Breast cancer cell line MDA-MB-231 upon
exposure to DOX shows an increase in IL-6 levels more than the al-
ready elevated IL-6 levels. This might be a reason for early recurrence.
We concluded that patients with TNBC might benefit from a standard
DOX treatment regimen with an inflammation-blocking agent.
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Introduction

Rapid extensive recurrence with metastasis in any cancer has
been a challenge for surgeons and medical oncologists. The
challenge can be due to failure of therapy, drug resistance or
epigenetic changes. Here, we are discussing a stage | breast can-
cer patient, operated, and treated with appropriate chemothera-
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py with complete response, seen to recur in less than 8 months
and show bone, liver and multiple organ metastasis.

Drug resistance remains a major challenge in cancer ther-
apy. Two broad categories have been identified that classify
cancer resistance based on response to chemotherapy: primary
and acquired [1]. While primary resistance precedes initial
chemotherapy, acquired resistance involves an accumulation
of genetic changes following clinical intervention until tumor
cells develop resistance phenotypes. A form of acquired resist-
ance is mediated by the interaction of tumor cells with their
microenvironment [1]. In this form, tumor cells circumvent
the apoptotic effects of chemotherapy through cell-adhesion-
mediated resistance, in which tumor cell integrins adhere to
fibroblasts or the extracellular matrix [2], and soluble factor-
mediated resistance, which induces the stroma to produce cy-
tokines, chemokines, and growth factors [3-5].

Case Report

A 44-year-old pre-menopausal female presented in August
2012 with a palpable left breast mass which the patient her-
self first noted weeks prior to first surgical consult. She had no
medical problems, no personal or family history of any ma-
lignancy. The right breast was unremarkable, and there were
no palpable lymphadenopathy (axillary and supraclavicular). A
mammogram showed benign right breast and a large asymmet-
ric density in the left breast corresponding to the palpable mass
(Fig. 1). She underwent a left needle-localized lumpectomy
and left axillary lymph node (LN) dissection. She had PET-
CT and MRI showing localized disease (Fig. 2, 3a, c¢). Final
pathology showed pTINI disease - stage IIA. The tumor was
scattered subcentimeter foci in the lumpectomy specimen with
the largest focus measuring 3 mm. She had only one of nine ax-
illary LN with metastatic CA. She then underwent whole breast
radiation including axillary, supraclavicular and internal mam-
mary LN basins and concluded the whole course in June 2013.

The patient did well but started experiencing some right
shoulder, right hip and low back pains. A PET-CT scan was
performed in July 2013 to evaluate these symptoms, and
showed extensive distant metastasis to include extensive skel-
etal (axial and appendicular), bilateral lung, liver, left adre-
nal gland, and extensive cervical, mediastinal and abdominal
lymphadenopathy which were all FDG-avid. Liver biopsy was
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Figure 1. Mammogram. A core biopsy was done of this mass and it showed poorly differentiated triple negative invasive ductal

carcinoma.

Figure 2. Breast MRI 2012. Given the large triple negative cancer, a
breast MRI and PET-CT scan were performed for st\aging purposes.
The PET-CT showed a 5 cm left breast mass which was FDG-avid, as
well as an 8 mm left axillary LN and a 5 - 6 mm left internal mammary
node both also FDG-avid. No distant metastasis was evident. The left
axillary LN underwent an ultrasound-guided biopsy that proved meta-
static from the breast. The breast MRI showed a 7.1 x 3.3 cm enhancing
mass at the left breast 10:00 - 11:00 position, and a 2.8 cm axillary LN,
both of which are already biopsy-proven malignancies. After workup,
the patient’s final clinical stage was ¢T3 N3 MO - stage IlIC. A multidis-
ciplinary breast conference was held and the group decided that treat-
ment should include neoadjuvant chemotherapy, surgery, whole breast
RT including regional basins, and genetic counseling for BRCA testing.
The patient underwent six cycles of TAC (docetaxel, doxorubicin and
cyclophosphamide) which she finished in January 2013. BRCA testing
revealed no mutation in the BRCA 1 and 2 genes. The post-chemother-
apy physical exam showed excellent clinical response with no palpable
evidence of disease in the left breast. Breast MRI and PET-CT (Febru-
ary 2013) both also showed complete clinical response (both breast tu-
mor and lymphadenopathy). Brain MRI also showed negative findings.
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Figure 3. PET-CT. (a) Active left breast mass, left ax LN (Septem-
ber 2012). (b) Extensive distant metastasis (July 2013). (c) Active left
breast mass (September 2012).
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Figure 4. IL-6 levels significantly increase on 24 h exposure of doxoru-
bicin in triple negative breast cancer cell MDA-MB-231.

done to confirm the diagnosis and to re-check hormone status
of the metastatic lesion. This biopsy confirmed metastatic car-
cinoma consistent with a primary breast. The hormone recep-
tors were checked and were confirmed triple negative.

Doxorubicin (DOX) enhances IL-6 production in triple
negative MDA-MB-231 breast cancer cells

Cells were exposed to DOX (2 uM) or vehicle (untreated
control) for 24 h and secretion level of IL-6 was measured by

ELISA in the cultured medium as per manufacturer’s recom-
mendation (BD Biosciences). We observed a basal high level
secretion of IL-6 in MDA-MB-231 cells. Cells exposed to
DOX significantly further enhanced the production of IL-6 (P
<0.05, n = 3, Fig. 4). This suggests that although DOX is be-
ing used as a chemotherapeutic agent to treat the breast cancer
patients, it somehow enhances the pro-inflammatory cytokine.

Discussion

DOX and its limitations

DOX is widely used as an anti-neoplastic drug for hematologic
and solid tumors [6, 7]; however, its propensity to cause cardi-
otoxicity is a major limiting factor [8]. Long-term use of DOX
leads to the development of cardiomyopathy and congestive
heart failure [9, 10], although the underlying mechanisms re-
main unclear.

Several reports show that DOX treatment induces inflam-
mation. Furthermore, these studies demonstrate that DOX
induces IL-8 [11, 12], NF«xB [13], IL-6, TNF-a [11, 14],
MCP-112 and G-CSF [14] (Fig. 5). In breast cancer, anthracy-
cline-based chemotherapy is associated with increased levels
of inflammatory markers highly relevant in breast tumors such
as VEGEF, sP-selectin, and vWF [15]. Janelsins and colleagues
also demonstrate that cytokine levels of IL-6, IL-8, and MCP-1
are increased in early-stage breast cancer patients who are re-
ceiving DOX-based chemotherapy [16]. There is also growing
evidence that the inflammatory cytokine IL-1B may play an
important role in DOX-induced inflammation. Zhu and col-
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Figure 5. Flowchart of TNBC and doxorubicin.
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leagues found that serum levels of IL-1p were induced as a re-
sult of DOX treatment in mice compared to untreated counter-
parts, and pretreatment with an IL-1 receptor antagonist prior
to DOX treatment protected the mice from DOX-induced mor-
tality and cardiac damage [17]. Sauter and colleagues dem-
onstrated that DOX-induced increased expression of IL-1p is
mediated by the activation of NLRP3 inflammasome critical
for sensing endogenous danger and stress signals [14].

Several studies also demonstrate that chemotherapy drug
effects on adipose tissue may be mediated by DOX-induced
activation of NF«B and inflammatory cytokines [18, 19]. Stud-
ies on rodent models demonstrated that DOX increases serum
total cholesterol, triglyceride and LDL levels when compared
to controls [20-22]. Peroxisome proliferator activated receptor
gamma (PPAR-y), a nuclear receptor that acts as a transcription
factor, is prominent in white adipose tissue and plays a cru-
cial role in the clearance of serum triglyceride as well as blood
glucose [23-25]. From the existing literature, DOX mediates
the down-regulation of PPAR-y [26, 27], which may cause a
reduction in the clearance of circulating free fatty acids [28-30],
the recruitment of macrophages [31], and thus the activation of
NF«B and pro-inflammatory cytokines [32, 33].

DOX and metastasis

Several studies have demonstrated that DOX induces EMT ac-
quisition mediated by production of transforming growth fac-
tor beta (TGFp) as well as tumor cell motility. DOX has been
shown to induce circulating TGFp and lung metastasis in xen-
ograft and transgenic animal models. Bandyopadhyay and col-
leagues showed that DOX treatment in human MDA-MB-231
and murine breast cancer 4T1 cells significantly increased tu-
mor cell migration and invasion [34]. In this study, the investi-
gators explored whether DOX-induced TGFf production plays
arole in tumor cell migration and invasion, and found that sim-
ilar to TGFP treatment, DOX treatment enhanced Smad2 and
Smad3 phosphorylation in both MDA-MB-231 and murine
4T1 cells, indicating a significant role in EMT-associated sign-
aling. DOX also induced EMT phenotypic characteristics such
as spindle-shaped morphology, increased nuclear translocation
of Snail, multi-drug resistance protein (MDR1), and formation
of mammospheres in murine breast cancer 4T1 cells.

Connection between DOX-induced increase in inflammation
and metastasis

Recent studies indicate that inflammatory cytokines and the
activation of ERK signaling pathways are inextricably linked
with tumor growth, progression, invasion, and chemoresist-
ance [18]. A study by Armstrong and colleagues showed that
DOX-induced p53 activation in neuroblastoma cell lines is up-
stream of MEK/ERK pathway, and p53 is necessary for subse-
quent MEK/ERK signaling resulting in NFkB activation [35].
Elsea and colleagues showed that DOX treatment in murine
macrophages resulted in a significant increase in IL-1f and
IL-6 mRNA expression and is mediated by the p38 MAPK
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pathway, indicating a direct role for p38 MAPK in the induc-
tion of inflammatory cytokines by DOX [36]. IL-6 and IL-8
in particular have been implicated to play an important role in
those with the worst breast cancer prognoses. A recent study
by Poage and colleagues suggested that knockdown of both
cytokines reduces tumor growth more in triple receptor nega-
tive breast cancer (TNBC) than either IL-6 or IL-8 alone [37].
In line with other recent evidence, the study also demonstrated
that IL-6 and IL-8 chiefly function through autocrine signal-
ing and activating the NFxB and JAK/STAT pathways, sup-
porting the evidence that these cytokines promote tumor cell
propagation, EMT acquisition, and a metastatic phenotype [38,
39]. Taken together, these findings suggest that inflammatory
signals may provoke similar effects at the cellular level in pro-
moting tumor cell proliferation and metastasis in breast cancer,
although the exact mechanisms implicating DOX-induced me-
tastasis still need to be elucidated.

Clinical relevance and future direction

It is known that TNBC has various cellular subtypes and they
all have varying, and sometimes inconsistent, responses to the
first-line recommended chemotherapy. Our efforts highlight the
need to understand the limitation of current clinical guidelines
of treating TNBC as one group and for the most part offering
the same standard therapy. Regarding the foreseeable future, it
will be insightful to conduct a clinical trial in which IL-6 levels
are collected at various treatment stages from patients. The fu-
ture data will determine if these patients will benefit from anti-
inflammatory therapy alongside their chemotherapy to prevent
future recurrences.

Conflicts of Interest

None.

References

1. Meads MB, Gatenby RA, Dalton WS. Environment-
mediated drug resistance: a major contributor to minimal
residual disease. Nat Rev Cancer. 2009;9(9):665-674.

2. Cordes N, Seidler J, Durzok R, Geinitz H, Brakebusch C.
betal-integrin-mediated signaling essentially contributes
to cell survival after radiation-induced genotoxic injury.
Oncogene. 2006;25(9):1378-1390.

3. Bisping G, Leo R, Wenning D, Dankbar B, Padro T,
Kropff M, Scheffold C, et al. Paracrine interactions of ba-
sic fibroblast growth factor and interleukin-6 in multiple
myeloma. Blood. 2003;101(7):2775-2783.

4. Bisping G, Wenning D, Kropff M, Gustavus D, Muller-
Tidow C, Stelljes M, Munzert G, et al. Bortezomib, dexa-
methasone, and fibroblast growth factor receptor 3-spe-
cific tyrosine kinase inhibitor in t(4;14) myeloma. Clin
Cancer Res. 2009;15(2):520-531.

5. Lin B, Podar K, Gupta D, Tai YT, Li S, Weller E, Hideshi-
ma T, et al. The vascular endothelial growth factor re-

www.jocmr.org 165



Triple Negative Breast Cancer

J Clin Med Res. 2016;8(2):162-167

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

166

ceptor tyrosine kinase inhibitor PTK787/2K222584 in-
hibits growth and migration of multiple myeloma cells
in the bone marrow microenvironment. Cancer Res.
2002;62(17):5019-5026.

Blum RH, Carter SK. Adriamycin. A new anticancer
drug with significant clinical activity. Ann Intern Med.
1974;80(2):249-259.

Takemura G, Fujiwara H. Doxorubicin-induced cardio-

douki, Marc D Basson, Mary F Walsh, X Huang, Arpita
K Vyas, Lakshmi S Chaturvedi. Doxorubicin-Hyaluronan
Conjugated Super-Paramagnetic Iron Oxide Nanoparti-
cles (DOX-HA-SPION) Enhanced Cytoplasmic Uptake
of Doxorubicin and Modulated Apoptosis, IL-6 Release
and NF-kappaB Activity in Human MDA-MB-231 Breast
Cancer Cells. J Nanosci Nanotechnol. 2015;15:6413-
6422.

myopathy from the cardiotoxic mechanisms to manage- 20. Koti BC, Vishwanathswamy AH, Wagawade J, Thip-
ment. Prog Cardiovasc Dis. 2007;49(5):330-352. peswamy AH. Cardioprotective effect of lipistat against
Von Hoff DD, Layard MW, Basa P, Davis HL, Jr., Von doxorubicin induced myocardial toxicity in albino rats.
Hoff AL, Rozencweig M, Muggia FM. Risk factors for Indian J Exp Biol. 2009;47(1):41-46.
doxorubicin-induced congestive heart failure. Ann Intern 21. Iliskovic N, Singal PK. Lipid lowering: an important fac-
Med. 1979;91(5):710-717. tor in preventing adriamycin-induced heart failure. Am J
Yen HC, Oberley TD, Vichitbandha S, Ho YS, St Clair Pathol. 1997;150(2):727-734.
DK. The protective role of manganese superoxide dis- 22. Venkatesan N, Venkatesan P, Karthikeyan J, Arumugam
mutase against adriamycin-induced acute cardiac toxicity V. Protection by taurine against adriamycin-induced pro-
in transgenic mice. J Clin Invest. 1996;98(5):1253-1260. teinuria and hyperlipidemia in rats. Proc Soc Exp Biol
Kang Y], ChenY, Epstein PN. Suppression of doxorubicin Med. 1997;215(2):158-164.
cardiotoxicity by overexpression of catalase in the heart 23. Jiang G, Dallas-Yang Q, Li Z, Szalkowski D, Liu F, Shen
of transgenic mice. J Biol Chem. 1996;271(21):12610- X, Wu M, et al. Potentiation of insulin signaling in tissues
12616. of Zucker obese rats after acute and long-term treatment
Niiya M, Niiya K, Kiguchi T, Shibakura M, Asaumi with PPARgamma agonists. Diabetes. 2002;51(8):2412-
N, Shinagawa K, Ishimaru F, et al. Induction of TNF- 2419.
alpha, uPA, IL-8 and MCP-1 by doxorubicin in human 24. Laplante M, Sell H, MacNaul KL, Richard D, Berger JP,
lung carcinoma cells. Cancer Chemother Pharmacol. Deshaies Y. PPAR-gamma activation mediates adipose
2003;52(5):391-398. depot-specific effects on gene expression and lipoprotein
Shibakura M, Niiya K, Kiguchi T, Kitajima I, Niiya lipase activity: mechanisms for modulation of postpran-
M, Asaumi N, Huh NH, et al. Induction of IL-8 and dial lipemia and differential adipose accretion. Diabetes.
monoclyte chemoattractant protein-1 by doxorubicin 2003;52(2):291-299.
in human small cell lung carcinoma cells. Int J Cancer. 25. Oakes ND, Thalen PG, Jacinto SM, Ljung B. Thiazolidin-
2003;103(3):380-386. ediones increase plasma-adipose tissue FFA exchange ca-
Gambhir S, Vyas D, Hollis M, Aekka A, Vyas A. Nu- pacity and enhance insulin-mediated control of systemic
clear factor kappa B role in inflammation associated FFA availability. Diabetes. 2001;50(5):1158-1165.
gastrointestinal malignancies. World J Gastroenterol. 26. Arunachalam S, Kim SY, Kim MS, Yi HK, Yun BS,
2015;21(11):3174-3183. Lee DY, Hwang PH. Adriamycin inhibits adipogenesis
Sauter KA, Wood LJ, Wong J, Iordanov M, Magun BE. through the modulation of PPARgamma and restoration
Doxorubicin and daunorubicin induce processing and re- of adriamycin-mediated inhibition of adipogenesis by
lease of interleukin-1beta through activation of the NLRP3 PPARgamma over-expression. Toxicol Mech Methods.
inflammasome. Cancer Biol Ther. 2011;11(12):1008- 2012;22(7):540-546.
1016. 27. Arunachalam S, Tirupathi Pichiah PB, Achiraman S.
Mills PJ, Ancoli-Israel S, Parker B, Natarajan L, Hong Doxorubicin treatment inhibits PPARgamma and may
S, Jain S, Sadler GR, et al. Predictors of inflammation in induce lipotoxicity by mimicking a type 2 diabetes-like
response to anthracycline-based chemotherapy for breast condition in rodent models. FEBS Lett. 2013;587(2):105-
cancer. Brain Behav Immun. 2008;22(1):98-104. 110.
Janelsins MC, Mustian KM, Palesh OG, Mohile SG, Pep- 28. Lim HIJ, Lee S, Lee KS, Park JH, Jang Y, Lee EJ, Park
pone LJ, Sprod LK, Heckler CE, et al. Differential ex- HY. PPARgamma activation induces CD36 expression
pression of cytokines in breast cancer patients receiving and stimulates foam cell like changes in rVSMC:s. Prosta-
different chemotherapies: implications for cognitive im- glandins Other Lipid Mediat. 2006;80(3-4):165-174.
pairment research. Support Care Cancer. 2012;20(4):831- 29. Schoonjans K, Peinado-Onsurbe J, Lefebvre AM, Hey-
839. man RA, Briggs M, Deeb S, Staels B, et al. PPARalpha
Zhu J, Zhang J, Xiang D, Zhang Z, Zhang L, Wu M, Zhu and PPARgamma activators direct a distinct tissue-specif-
S, et al. Recombinant human interleukin-1 receptor an- ic transcriptional response via a PPRE in the lipoprotein
tagonist protects mice against acute doxorubicin-induced lipase gene. EMBO J. 1996;15(19):5336-5348.
cardiotoxicity. Eur J Pharmacol. 2010;643(2-3):247-253. 30. Lemberger T, Desvergne B, Wahli W. Peroxisome pro-
Vyas D, Laput G, Vyas AK. Chemotherapy-enhanced in- liferator-activated receptors: a nuclear receptor signaling
flammation may lead to the failure of therapy and metas- pathway in lipid physiology. Annu Rev Cell Dev Biol.
tasis. Onco Targets Ther. 2014;7:1015-1023. 1996;12:335-363.
Dinesh Vyas, NL-HB, Sulakshana Gandhi, M El-Dak- 31. Shi H, Kokoeva MV, Inouye K, Tzameli I, Yin H, Flier
Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™ www.jocmr.org



Vyas et al

J Clin Med Res. 2016;8(2):162-167

32.

33.

34.

35.

JS. TLR4 links innate immunity and fatty acid-induced
insulin resistance. J Clin Invest. 2006;116(11):3015-

to NF-kappa B determines the chemotherapy responsive-
ness of neuroblastoma. Neoplasia. 2006;8(11):964-974.

3025. 36. Elsea CR, Roberts DA, Druker BJ, Wood LJ. Inhibition of
Nguyen MT, Favelyukis S, Nguyen AK, Reichart D, p38 MAPK suppresses inflammatory cytokine induction
Scott PA, Jenn A, Liu-Bryan R, et al. A subpopulation by etoposide, 5-fluorouracil, and doxorubicin without af-
of macrophages infiltrates hypertrophic adipose tissue fecting tumoricidal activity. PLoS One. 2008;3(6):¢2355.
and is activated by free fatty acids via Toll-like recep- 37. Poage GM, Hartman ZC, Brown PH. Revealing targeted
tors 2 and 4 and JNK-dependent pathways. J Biol Chem. therapeutic opportunities in triple-negative breast can-
2007;282(48):35279-35292. cers: a new strategy. Cell Cycle. 2013;12(17):2705-2706.
Cusi K. The role of adipose tissue and lipotoxicity in 38. Marotta LL, Almendro V, Marusyk A, Shipitsin M,
the pathogenesis of type 2 diabetes. Curr Diab Rep. Schemme J, Walker SR, Bloushtain-Qimron N, et al. The
2010;10(4):306-315. JAK2/STAT3 signaling pathway is required for growth
Bandyopadhyay A, Wang L, Agyin J, Tang Y, Lin S, of CD44(+)CD24(-) stem cell-like breast cancer cells in
Yeh IT, De K, et al. Doxorubicin in combination with human tumors. J Clin Invest. 2011;121(7):2723-2735.
a small TGFbeta inhibitor: a potential novel therapy for 39. Korkaya H, Kim GI, Davis A, Malik F, Henry NL, Ithi-
metastatic breast cancer in mouse models. PLoS One. makin S, Quraishi AA, et al. Activation of an IL6 inflam-
2010;5(4):e10365. matory loop mediates trastuzumab resistance in HER2+
Armstrong MB, Bian X, Liu Y, Subramanian C, Ratan- breast cancer by expanding the cancer stem cell popula-
aproeksa AB, Shao F, Yu VC, et al. Signaling from p53 tion. Mol Cell. 2012;47(4):570-584.

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™ www.jocmr.org 167



