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The recent FDA approvals of immunomodulatory drugs such as Nivoluvamab (Opdivo), Pembrolizumab (Keytruda) and Ipilimumab (Yervoy) for treatment of Non-small cell
lung cancer (NSCLC) and melanoma have renewed interest in cancer immunotherapy. Initial
attempts to activate the immune system to improve anti-tumor immunity by vaccination and/
or cytokine treatments failed due to low response rates and high toxicity.1,2 However, improved
knowledge of interactions between tumor cells and the immune system has led to a change in
strategy. Recently, it has been shown that tumors activate immune checkpoint pathways which
suppress any anti-tumor immune responses.3 Immune checkpoint inhibitors block these pathways and can evoke the power of cytotoxic CD8+ T lymphocytes to eliminate cancer cells.
The first immune checkpoint inhibitor Ipilimumab, a monoclonal antibody to CTLA-4,
was approved by the US FDA in 2011 for the treatment of unresectable or metastatic melanoma
and has since shown some efficacy for the treatment of other solid tumors such as lung, head
and neck, and sarcomas in combination with standard treatment regimens. CTLA-4 is a surface
receptor which inhibits T-cell co-stimulatory signals and prevents cytotoxic T-cell activation.
By blocking CTLA-4 signaling, ipilimumab allows activation of anti-tumor CD8+ T-cell responses. The success of ipilimumab led the way for development of other immune checkpoint
inhibitors such as Nivoluvamab and Pembrolizumab which both target the PD-1 (programmed
death-1) pathway. PD-1 ligands (PD-1L) are released by tumor cells and lead to immunosuppressive effects including reduced CD8+ T-cell proliferation and decreased production of
immunostimulatory cytokines.4 Blocking the PD-1 pathway results in increased activation of
effector T cells and increased tumor immunity.
In spite of promising results with these new immunotherapies, many patients do not
respond or develop resistance, suggesting the need for combination therapies. Additionally,
response to these therapies may be limited to patients who have a pre-existing density of clonal
CD8+ T cells.5 Nonetheless, responses may be improved by optimizing the immunostimulatory
effects of standard therapies may to augment immune responses elicited by these agents and
improve clinical outcomes.
Radiation has long been known to enhance anti-tumor immunity due to the release
of tumor specific antigens from dying tumor cells which stimulate T-cell mediated immune
responses. Additionally, radiation has been shown to upregulate many cell surface receptors
important for immune activation and regulation. Amplification of immune responses by radiation has been shown in clinical setting but the radiotherapy dose and fractionation regimen has
not been well defined. Animal models have demonstrated that the abscopal effect of radiation
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can vary depending on the dose and fractionation scheme, with
lower fraction, higher dose treatments eliciting higher CD8+ Tcell responses and reducing numbers of regulatory T-cells (Treg).6
In Cancer Letters, Gandhi, et al. recently reviewed evidence for optimal dose and fractionation to maximize its effect
on the immune system response against tumor cells.7 In modern radiotherapy, hypofractionation (large dose per fraction) has
demonstrated greater tumor dose response, while sparing surrounding normal tissue. This is mainly due to advancement in
technology that enables delivery of higher doses to tumor targets
within 1-2 mm spatial uncertainty using Stereotactic Body Radiation Therapy (SBRT) with real-time imaging and radiation
beam gating. Currently, treatment schedules for SBRT have not
been standardized to enhance the abscopal effect. More work is
needed to understand the impact of SBRT dose and fractionation
schemes on cytotoxic and regulatory T-cells in a clinical setting.
Likewise, the interactions between newly approved
immunomodulators and radiation are not clearly understood. A
study recently published in Nature suggests that dual inhibition
of immune checkpoints in combination with radiation therapy
can increase response.8 This study showed a synergistic effect
between radiation and anti-CTLA4 therapy. Treatment of tumors with anti-CTLA4 therapy inhibited T-regulatory cells and
increased the CD8+ T-cell to Treg ratio, while radiation enhanced
the diversity of T-cell receptors to improve antigenic targeting.
However, while the combination of radiation and antiCTLA-4 therapies produced responses in some patients, a subset of patients developed resistance to therapy. This resistance
was shown in animal models of melanoma to be due to radiation induced up regulation of PD-1L, which could overcome the
inhibition of regulator T-cells by CTLA-4. Other studies have
confirmed the radiation induced up regulation of PD-1L in the
tumor microenvironment can be evoked by INFγ produced by
T cells following radiation exposure.9 To maximize the immunostimulatory effect of the radiation response, it is necessary to
understand the kinetics of radiation induced immunostimulation and up regulation of immunomodulatory receptors as this
may impact further optimization of clinical radiation treatment
schedules.
As of this writing, mostly anecdotal clinical data have
shown some benefit in combining radiation treatment with immune checkpoint inhibitors to improve response. Previous clinical studies using cytokine therapy to boost anti-tumor immunity
showed the effects of the immunostimulatory cytokine IL-2 can
be augmented with SBRT in metastatic renal cell carcinoma
and melanoma.10 Patients had over 66% complete or partial response, much higher than historical controls with IL-2 alone. In
a case report, Postow, et al. describe a metastatic melanoma patient treated using ipilimumab alone showed no initial response,
but once treated with SBRT (9.5Gyx3 fractions), to have tumor
regression not only at the SBRT irradiated area but also in the
non-irradiated metastatic lesions.11 The University of Pennsylva-
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nia recently started a phase I trial for to combine SBRT followed
by 4 cycles of ibilimumab for metastatic melanoma patients.8
While toxicity was limited, only 18% of patients showed a partial response. Furthermore, stratification by PD-1L expression in
the melanoma lesion resulted in significantly higher overall and
progression free survival in patients with low PD-1L expression
compared to those with high PD-1L expression. This is likely
due to radiation induced upregulation of PD-1L as was observed
in animal models after radiation, further highlighting the importance of fully understanding the impact of radiation on immunoregulatory pathways. These findings suggest the possibility that
a threshold radiation dose can be delivered by SBRT and may
enhance immunogenicity, but also caution that a balance must
be met between radiation induced immune stimulation and immunosuppression.
New radiation treatment planning tools are needed to
model not only the SBRT dose distributions but the impact that it
might entail if an immunotherapy regimen is also administered.
The question is how can we determine the hypofractionation
schedule in a clinical setting when this is likely to be dependent
on immune status and tumor characteristics that may be patient
specific? New mathematical and physical treatment models, stochastic or deterministic, have been proposed for hypofractionated radiotherapy with concurrent chemotherapy. For example,
Ohri, et al. published a paper titled “Can Drugs Enhance Hypofractionated Radiotherapy?  A Novel Method for Modeling
Radiosensitization Using in vitro Data”.12 In traditional practice, the radiotherapy dose regimen starts with calculating the
absorbed dose to tissue (in units of Gray (Gy), which is then
folded with the generalized linear quadratic (gLQ) model to
calculate the biological effective dose or BED or biologically
equivalent dose in 2-Gy per fraction (EQD2). This mathematical
model implementation with and without radiosensitizing agents
was demonstrated. Similar simulation models for SBRT and immunotherapy agents might be beneficial to optimize the dose per
fraction prior to initiation of the immunotherapy. Tumor characteristics, as well as levels of circulating regulatory, cytotoxic and
memory T cells which can be monitored prior to and over the
course of treatment, may also help to guide the SBRT treatment
planner. Currently, such models remain in the research domain,
but translation to the clinical setting could potentially improve
the successes of cancer immunotherapy.
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ABSTRACT
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K. Skin hypopigmentation in a patient with papillary carcinoma thyroid
treated with Sorafenib. Cancer Stud
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Sorafenib is an oral multikinase inhibitor approved for the treatment of advanced renal
cell carcinoma, hepatocellular carcinoma and thyroid cancer. The dermatological side effects
of sorafenib include palmar-plantar erythrodysesthesia, alopecia, skin rash, pruritus, xeroderma
and erythema. Here we report a case of skin hypopigmentation related to sorafenib therapy.
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1

A 60 year old male with papillary carcinoma of thyroid with cervical lymph nodal
metastasis, post thyroidectomy and Iodine-131 ablation therapy developed lung metastasis.
As the lesions were not iodine avid, he was started on sorafenib. After 4 months of treatment
with 800 mg/day he developed hypopigmentation of the skin, prominently on the forehead,
neck, hands and feet. He was also having grade 2 mucositis, so dose was reduced to 400 mg/
day. Later his disease progressed, so sorafenib was discontinued. However, the hypopigmented
lesions persisted.
Hypopigmentation as a potential side effect of sorafenib has rarely been reported in
literature. Close collaboration between oncologists and dermatologists is needed to improve in
the characterization and the management of cutaneous side effects of Sorafenib.
KEYWORDS: Thyroid Carcinoma; Sorafenib; Hypopigmentation.
INTRODUCTION

Copyright
© 2015 Pavithran K. This is an open
access article distributed under the
Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction
in any medium, provided the original work is properly cited.
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Sorafenib is an oral multikinase inhibitor which has antiangiogenic and proapoptotic
activity. Sorafenib is a potent inhibitor of the C-RAF and B-RAF kinases, as well as the Vascular
Endothelial Growth Factor Receptor-2 (VEGFR-2) and Platelet-Derived Growth Factor
Receptor (PDGFR).1 Such an inhibition works in two way- anti-proliferative activity targeting
the tumor cell and indirectly through the inhibition of angiogenesis.2 The mutational events in
some genes including BRAF and RET that affect early stages of thyroid carcinogenesis has
opened up new avenues for the use of targeted therapies.3
Sorafenib causes a variety of side effects including: gastrointestinal (diarrhea, nausea,
vomiting, constipation), dermatological (rash, facial erythema), constitutional (fatigue, weight
loss), cardiovascular (hypertension) and pulmonary events.3,4 In most of the cases, the adverse
events are grade 1-2 and decrease over time.5 Observations from clinical trials and clinical
practice with the long-term use of sorafenib suggests that unexpected adverse events and
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cumulative toxicity are of no major concer.6 The cutaneous
manifestations of sorafenib with its long-term use include rash/
desquamation, hand foot skin reactions, splinter subungual
hemorrhages, pruritus, alopecia and xerosis. Dermatological
events probably represent the main problem in the case of
sorafenib-treated patients because of their higher frequency and
negative impact on quality of life.1
CASE REPORT

A 60 year old male presented to the Head and Neck
Department with complaints of a right sided neck swelling
of 1 year duration. Physical examination showed a 2×1 cm
hard nodule in the right lobe of thyroid. Ultrasound guided
Fine Needle Aspiration Cytology (FNAC) of the thyroid was
suggestive of papillary carcinoma of thyroid. He underwent
total thyroidectomy after 1 month. The histopathology revealed
multifocal papillary thyroid carcinoma, the tumor sizes being
4 cm × 3 cm × 2 cms on the right, 1 cm × 1 cm × 0.8 cms on the
left lobe along with extrathyroidal extension, lymphovascular
emboli and lymph node metastasis involving one node. A whole
body Iodine scan showed presence of moderate residual thyroid
tissue. Post operatively, he underwent radioiodine ablation with
1998 MBq of I-131, post therapy whole body imaging showed
significant I-131 uptake in thyroid bed. He was then given external
beam radiotherapy (60 Gy) to thyroid bed. After three months of
radiotherapy, the patient was diagnosed with lung metastasis. So
he was put on sorafenib 800 mg daily, after 3 months of therapy
he developed mucositis, and hand foot syndrome. Then dose was
modified to 400 mg/daily. After about one month he developed
hypopigmented lesions on neck, back (Figure 1) and other
sites like lips, forearms (Figure 2) and feet. Later he developed
breathlessness and chest discomfort. Chest X-ray showed right
sided pleural effusion. As it was recurring fast after tapping, it
was decided to insert a flexible drain for draining pleural fluid.
In view of progressive disease, sorafenib was discontinued and
decided to put him on supportive care alone.

http://dx.doi.org/10.17140/CSMMOJ-2-110

DISCUSSION

Sorafenib is mainly used for the treatment of
hepatocellular carcinoma, renal cell cancer, thyroid cancer
and gastrointestinal stromal tumor. The commonly reported
dermatological side effects of sorafenib are HFS, erythema,
itching, follicular rash and xerosis or skin dryness. Pigmentary
changes have rarely been reported in literature.7 The mechanism
behind sorafenib induced hypopigmentation is poorly
understood. Previously only one such case has been reported.8
They reported hypopigmentation of skin induced by sorafenib
along with diarrhea, desquamation of hands and feet, loss of
hair over scalp, eye brows and moustache. It normalised after
discontinuation of the drug. But in our patient the reaction did
not resolve even after the complete discontinuation of sorafenib.
A number of hypotheses have been proposed for the dermatologic
side effects. But the exact pathogenesis these adverse events
is still unclear.3,9-11 One of the initial theories suggested that
tyrosine kinase inhibition may affect keratinocyte proliferation
and differentiation. These keratinocytes are highly proliferative
cells in the epidermis that constitute an essential barrier against
environmental injuries and prevent water loss from the body.
Histological examination of specimens from patients who
developed HFS, reveal keratinocyte damage and the presence of
intracytoplasmic eosinophilic bodies and vacuolar degeneration
eventually leading to necrosis.12 Higher serum concentrations of
the drug and its longer half life in the skin is responsible for
cutaneous toxicities associated with sorafenib. Blockade of c-kit
signaling in hair cause depigmentation and the active metabolite
of the drug causes yellowish discoloration of skin.13,14
CONCLUSION

In the present era of targeted therapy, sorafenib is a
widely used drug. Among the plethora of adverse events reported
with sorafenib, hypopigmentation of skin is probably the rarest.
A good understanding of the possible adverse events of the drug
is essential in clinical practice. Although not alarming as some
of the other adverse effects of sorafenib, hypopigmentation of
skin can certainly affect the quality of life in our patients.
CONFLICTS OF INTEREST

There are no conflicts of interest.
Figure 1: Hypopigmented patches over the back.
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ABSTRACT

Stage I testicular seminoma is a curable condition. The primary treatment is high inguinal orchiectomy. The treatment options after surgery includes radiotherapy, chemotherapy
with single agent carboplatin and active surveillance. Radiotherapy has evolved over the past
decades with reduced treatment volume and radiation dose without compromising the outcome.
Para aortic strip radiation 20 Gy in 10 fractions is equivalent to single agent carboplatin. Active
surveillance is an acceptable approach for patients without adverse factors. There is no data
comparing treatment versus active surveillance till date. This article reviews the evidences for
each approach.
KEYWORDS: Seminoma stage I surveillance; Radiotherapy; Tumors; Treatment.
INTRODUCTION

Testicular cancer constitutes 1-2% of all cancers in men. The age standardized incidence varies from 0.6 in Asia to 12.2 in Norway per 100,000 men.1 Testicular Germ Cell
Tumors (GCT) are broadly classified into Seminoma and Non-seminoma groups. They represent one among the few curable malignancies. Their exquisite sensitivity to chemotherapy
and radiation is the reason behind the success story. Pure seminoma accounts for nearly half of
all diagnosed GCT and appear increasing.2 The median age at presentation is around 40 years,
a decade later than non-seminoma. Stage I seminoma refers to disease limited to testis with
normal tumor markers. The options available for stage I seminoma after orchiectomy are chemotherapy, radiotherapy or active surveillance. Regardless of the treatment strategy, the disease
specific survival is close to 100%.3-5 Because of long-term survival, treatment related morbidities are a concern. This has given rise to a debate of selecting the optimal treatment strategy.
INITIAL WORK UP AND MANAGEMENT

Copyright
© 2015 James FV. This is an open
access article distributed under the
Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction
in any medium, provided the original work is properly cited.
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Most often patients with testicular tumor present with discomfort or swelling in the
scrotum. If an intratesticular mass is suspected, an ultrasound of the scrotumaids in confirming the diagnosis as well as evaluate the contralateral testis. Initial investigations required for
suspected testicular tumor is given in Table 1. A pre-operative estimation of tumor markers
including beta Human Chorionic Gonadotropin (βHCG), Alpha Feto Protein (AFP) and Lactate
dehydrogenase (LDH) is mandatory. βHCG can be produced by both seminomatous and nonseminomatous tumors, but AFP is produced by non-seminomatous tumors only. If the pathological diagnosis is pure seminoma with elevated pre-operative AFP, then it must be considered
and treated as non-seminoma. Sperm abnormalities can be found in patients with testicular cancer. Furthermore, treatment with either chemotherapy or radiation can impair fertility. Hence,
semen analysis and sperm banking should be discussed prior to start of therapy.
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Complete blood count, Renal function test, Liver function test
Chest X-ray, CT Abdomen and Pelvis
Tumor markers- βHCG, AFP and LDH
Semen Analysis
Table 1: Investigations.

SURGERY

Initial treatment of a testicular tumor is high inguinal
orchidectomy. The spermatic cord is ligated high in the internal
inguinal ring. The surgical removal of testis aids in a definite
pathological diagnosis and curative in more than 80% of patients with stage 1 seminoma. There is no role for retroperitoneal lymph node dissection. The essential pathological details
to be mentioned in histopathological report are given in Table
2. Post-operative measurement of tumor marker is mandatory. If
the tumor markers remain high after surgery, it indicates residual
tumor and it does not qualify as stage I despite normal imaging.
Histology of the tumor
Presence or absence of lymphovascular invasion
Involvement of tunica albuginea, tunica vaginalis, rete testis, epididymis or
spermatic cord
Presence or absence of Testicular Intraepithelial Neoplasia (TIN)
Table 2: Essential pathologic microscopy details.

RISK FACTORS FOR RELAPSE

Surgery alone cures majority of stage I seminoma patients. About 80-85% of patients may not benefit from adjuvant
treatment.5 Pros and cons of adjuvant treatment are mentioned
in Table 3. Many studies have tried to identify risk factors for
relapse.6-8 In a pooled retrospective review of patients followed
up with surveillance protocol, tumor size >4 cm and rete testis
invasion were independent risk factors for relapse. The 5 year
relapse rate was 15.9% and 31.5% if either one or both the factors were present.6 In yet another pooled retrospective review, a
validation of the above mentioned risk factors was attempted.
On multivariate analysis only tumor size (more than 3 cm) was
found to have significant correlation with relapse rate.8 In the
Danish surveillance, tumor size was significant along with vascular invasion or involvement of epididymis.9 These risk factors
described are not validated in a prospective study till date.
For Adjuvant Treatment

Against Adjuvant treatment

Late relapse
Cost of Surveillance
No reliable tumor marker
Anxiety
Compliance

Unnecessary treatment for majority
Treatment related morbidity
Recurrence can be salvaged

Table 3: Pros and Cons of adjuvant treatment.

Risk adapted approach to patients with stage I seminoma was evaluated by the Spanish Germ Cell Cancer Group
(SGCCG) in the consecutive studies.7,10,11 A pooled analysis of
these studies reported that at median follow-up of 80 months,
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14.8% patients on surveillance and 3.2% patients treated with
adjuvant carboplatin relapsed. Actuarial overall 5-year DiseaseFree Survival (DFS) was 92.3% (88.3% for surveillance vs.
96.8% for chemotherapy, p=0.0001). On multivariate analysis,
tumor size more than 4 cm and rete testis invasion were independent factors affecting DFS.
SURVEILLANCE

Surveillance involves close follow-up of patients with
clinical examination, evaluation of tumor markers and imaging
at regular intervals. This enables detection of relapses early and
prompt curative treatment. The relapse rate of patients on surveillance is 11.1-27%.7,12-14 A close follow-up and early detection
of recurrence is necessary for a successful salvage treatment.
This requires frequent imaging and good patient compliance.
There are problems for surveillance in the young patient population who move around for employment and may not show up
for reviews. Loss of follow-up is reported by US and Japanese
teams.15
The most common site of relapse for patients on surveillance is retroperitoneum and hence radiological imaging is
necessary. The imaging frequency should be more in the first
three years when the risk of relapse is high.16 However, the timing and frequency of imaging is not well defined. The Royal
Marsden Hospital (RMH) and the Princess Margaret Hospital (PMH) surveillance protocol is given in table 4. The RMH
protocol incorporates Computed Tomography (CT) imaging of
abdomen and pelvis imaging is advised if there was a scrotal
violation or prior pelvic surgery. After 5 years, imaging is done
only if indicated.17 In the PMH surveillance protocol, CT abdomen and pelvis is done at increased frequency and carried on
for 10 years. Serum markers are monitored at every visit in the
first three years.18 Imaging frequency of above two approaches
is given in table 4.
Royal Marsden Hospital
protocol17

Princess Margaret Hospital
Protocol19

CT imaging

Biannually in the first two
years, annually from third
to fifth year

CT abdomen and pelvis every 6
months in the first three years and
CT abdomen only done annually
thereafter till year 9

Chest X ray

Biannually in the first two
years, annually from third
to fifth year

Annually in the first three years

Table 4: Imaging frequency of two surveillance protocol.

The value of chest x ray has been questioned recently.16,20 Similarly, the value of serum markers is also limited.21,22
Another concern with multiple CT imaging is radiation induced
malignancy. Frequency of CT scans is different in many institutions and the Medical Research Council (MRC) sponsored study
TRISST will tell us whether 3 scans can replace 7 and whether
Magnetic Resonance Imaging (MRI) is better.23 A universal consensus for surveillance is yet to evolve.
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ADJUVANT RADIOTHERAPY

Radiotherapy in stage I seminoma traditionally involved radiating para aortic lymphatics and ipsilateral iliac
lymph node using the “Dog Leg (DL)” field. The primary lymphatic drainage of testes is para aortic lymph nodes. If they are
uninvolved, it is unlikely that the iliac lymph nodes will be positive. This was addressed in the Medical Council Research trial,
comparing Paraaortic field (PA) and dog leg (DL) field.24 The relapse free rate at 3 year was 96% and 96.6% in PA and DL group
respectively. The pelvic relapse free rate in PA group was 98.2%.
All relapses in DL group was supra diaphragmatic. Para aortic radiation has less hematologic, gastro intestinal and gonadal
side effects. If there was prior lymphatic violation i.e. inguinal
or scrotal surgery, extended field or “dog field” radiation is used.
A dose of 30 Gy in 15 fractions was the standard in treatment of
stage I seminoma. A reduced dose of 20 Gy in 10 fractions was
compared with 30 Gy in 15 fractions in a randomized trial and
reported that there was no difference in five year relapse free
rates.25 These trials have resulted in the evolution of standard
portals of a PA field using 20 Gy in 10 fractions over two weeks.
The most common site of relapse is in the pelvic nodes and the
borders of the radiation field. The relapse rate after RT varies
from 0.8-6% in various reports.3,26,27
RADIATION TOXICITY

The acute toxicity of radiation includes fatigue, nausea,
vomiting and mild diarrhea. Usually these are self limiting and
subside after treatment.24 The long-term toxicity which is of concern are second malignancy and cardiac toxicity.28,29 In a larger
series, though the cardiovascular toxicity was not high, second
malignancies were reported more.30
ADJUVANT CHEMOTHERAPY

GCTs are very sensitive to platinum agents. Various
studies have evaluated the use of single agent carboplatin as
one or two cycles in stage I seminoma. A non-inferiority trial by
MRC compared adjuvant Carboplatin with a dose of Area Under
the Curve (AUC) 7 versus adjuvant radiotherapy.3 The relapse
free rate at 5 yrs was 94.7% vs. 97% and contralateral GCT free
rate was 99.8% vs. 98.8% in carboplatin and radiotherapy arm
respectively. The most common site of relapse was in the retroperitoneum requiring close follow-up with abdominal imaging.
Carboplatin dose calculation needs to be considered carefully as
GFR by radio isotope is the best method, otherwise underdosing
could occur.31 Some even recommend two courses of the drug.27
Compared to radiation the treatment duration and acute toxicity is less. Long-term toxicity of chemotherapy cannot be ascertained until long-term follow-up is available. One study reported
decreased contralateral testicular tumour in chemotherapy arm.3
But delayed appearance is possible based on a German study.32
The patients who receive adjuvant treatment should be
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followed with history, physical examination and serum tumor
markers every four months in the first two years and annually
thereafter up to 10 years. Imaging can be done in the same frequency as followed in surveillance protocol.
CONCLUSIONS

Orchiectomy alone is curative in 80-85% of patients
with stage I seminoma. The rest 15-20% could be cured with
either radiotherapy or chemotherapy. Regardless of surveillance
or adjuvant treatment, excellent long-term results can be accomplished in stage 1 disease. The difference lies in the relapse
patterns, follow-up schedule and long-term toxicity. There is no
standard treatment approach, but discussing the pros and cons
of each strategy with the patient helps in making a decision. It
would be preferable to recommend surveillance to most patients
and adjuvant radiotherapy or carboplatin to high risk or unreliable patients.
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Triple Negative Breast Cancer (TNBC) is characterized as a lack of expression of the
hormonal receptors, estrogen and progesterone, and Human epidermal growth factor receptor
2 (HER2) and as such is unresponsive to current targeted therapy. Resistance of breast cancers
to treatment is thought to be due to a sub-population of tumor cells called Breast Cancer Stem
Cells (BCSCs) and contributes to poor prognosis and increased risk of recurrence. Previously,
we have shown that hedgehog activation is induced by chemotherapy and promotes expansion
of a stem-like population in breast cancer cell lines. In addition, chemotherapy can induce an
inflammatory response and inflammatory factors can lead to activation of Hedgehog (HH) at
sites of tissue injury. Therefore, we wanted to investigate how chemotherapy altered hedgehog
signaling and correlated with the release of inflammatory cytokines in a mouse model of breast
cancer. Patient derived triple negative breast tumor bearing mice were treated with weekly
doses of docetaxel. Following treatment, tumor volume decreased reaching a nadir around 15
days after the start of treatment and increased back to pre-treatment size 35-39 days post treatment. Immunohistochemical staining of mice tumors revealed that Sonic hedgehog and nuclear
Gli-1 expression transiently increased following docetaxel treatment, reached peak expression
at day 8, and subsequently decreased to almost pre-treatment levels following regrowth of the
tumor. Similarly, Interleukin 6 (IL-6) and Interleukin 8 (IL-8) expression transiently increased,
peaked around day 8, and decreased upon tumor regrowth, however, remained above pre-treatment levels. Expression of the stem cell marker ALDH1A3 proceeded activation of hedgehog
signaling and expression of inflammatory cytokines, increasing around day 15 post treatment
and continued to be elevated during tumor regrowth. Thus, chemotherapy treatment resulted in
activation of the hedgehog pathway and release of inflammatory cytokines leading to long-term
expansion of ALDH1A3 positive stem cells, which can contribute to the regrowth of the tumor
and promote resistance to treatment.
KEYWORDS: Hedgehog signaling; Inflammatory cytokines; Neoadjuvant therapy; Triple negative breast cancer.
ABBREVIATIONS: TNBC: Triple Negative Breast Cancer; HER2: Human epidermal growth

factor receptor 2; IL-6: Interleukin 6; IL-8: Interleukin 8; BCSC: Breast Cancer Stem Cells;
DNA: Deoxyribonucleic acid; ALDH: Aldehyde dehydrogenase; HH: Hedgehog; PTCH:
Patched tumor suppressor gene; SHH: Sonic Hedgehog; IACUC: Institutional Animal Care and
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Use Committee; NOD/SCID: Nonobese diabetic/severe combined immunodeficiency; PDX: Patient Derived Xenografts;
DAB: 3,3’-Diaminobenzidine; PBS: Phospate Buffered Saline;
ANOVA: Analysis of variance.
INTRODUCTION

Triple Negative Breast Cancer (TNBC) is an aggressive cancer defined by the lack of expression of Human epidermal growth factor receptor 2 (HER2) and the hormone receptors, estrogen and progesterone. Due to the receptor status, there
are currently no targeted treatments that exist for this subset of
breast cancers. Standard treatment for locally advanced TNBCs
consists of Neoadjuvant chemotherapy (NCT) prior to surgical
resection, followed by radiation and additional chemotherapy
cycles. However, despite current interventions, TNBC are associated with poor prognosis and early visceral metastasis.1 Recently it has been suggested that pathological complete response
to NCT can be used as a surrogate endpoint for prediction of
long-term clinical benefit of systemic chemotherapy treatment.
Patients who have pathological complete response have better
overall survival and relapse free survival than those who do not.2
Currently there are no reliable biomarkers to predict which patients will respond to NCT and the mechanisms of resistance to
this treatment are not fully understood.
Resistant breast cancers are reported to have an increase in a population of cells, known as Breast Cancer Stem
Cells (BCSC), that resemble mammary stem cells.3 These cells
are highly tumorigenic, have increased expression of survival
pathways, Deoxyribonucleic acid (DNA) repair enzymes and resistance pathways. Additionally, they have increased activation
of epithelial-mesenchymal transition pathways and have a greater metastatic potential. BCSC are characterized by high levels
of Aldehyde dehydrogenase (ALDH) activity and increased
expression of ALDH isoforms.4 In particular, expression of the
ALDH isoform ALDH1A3 is inversely correlated with estrogen
receptor signaling5,6 and may be predictive of metastatic potential in invasive breast cancers.7
The re-activation of developmental pathways has been
implicated to play a role in the development and progression
of cancer. In particular, abnormal regulation of the Hedgehog
(HH) pathway can alter cellular proliferation and differentiation
leading to tumorigenesis. Canonical HH signaling is induced
by binding of the ligand Sonic Hedgehog (SHH) to the Patched
tumor suppressor gene (PTCH) receptor. This initiates a series
of events that results in the activation and nuclear translocation
of the Gli family of transcription factors which regulate genes
controlling proliferation, differentiation, survival and epithelialmesenchymal transition. The HH signaling pathway is necessary
for self-renewal and maintenance of stem cells8 and has been
shown to promote proliferation of both mammary and BCSC.9
Increased levels of HH family members SHH, Gli-1 and Gli-2
have been reported in BCSC isolated from human tumors, compared to the bulk of tumor cells.9,10 We have previously reported
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that HH activation is increased in recurrent tumors after treatment with chemotherapy in a rat model of HER2-positive breast
cancer.11 However, it is unknown if this is a result of preferential
survival of resistant HH positive cells, or induction of HH activation upon chemotherapy induced damage.
Tissue damage due to chemotherapy can trigger an
inflammatory reaction similar to a wound healing response resulting in increases in inflammatory signals. This can in turn reactivate developmental pathways that are necessary for wound
closure and tissue regeneration, leading to a tumor promoting environment. In normal adult tissue, HH signaling is important for
expansion of stem cell populations during tissue injury. Hedgehog signaling is induced by inflammatory factors at the site of
injury and promotes plasticity of epidermal cells during re-epithelialization, leading to increases in stem cell populations.12 In
addition, inhibition of hedgehog signaling has been shown to
impair wound healing reactions by decreasing proliferation of
progenitor populations.12 Likewise, we have previously reported
that expansion of BCSC after taxane-based chemotherapy is dependent upon activation of the hedgehog signaling pathway.13
HH signaling was activated in vitro by chemotherapy treatment
in breast cancer cell lines and inhibition of hedgehog signaling
led to a decrease in expansion of stem-like populations and a
decrease in clonogenic survival after treatment with docetaxel.
In this paper, we examine the kinetics of hedgehog signaling in a TNBC patient derived xenograft model of residual
disease after treatment with docetaxel. We show that HH pathway activation occurs transiently after chemotherapy treatment,
is correlated with release of inflammatory cytokines and precedes expansion of BCSC.
METHODS
Animal Model and Chemotherapy Treatment

All studies were conducted under an animal use and
drug delivery protocol approved by the University of Delaware
Institutional Animal Care and Use Committee (IACUC). Eightweek-old female Nonobese diabetic/severe combined immunodeficiency (NOD/SCID) Patient Derived Xenografts (PDX)
tumor bearing mice with a P1-P3 fragment of a human patient
derived breast cancer xenograft TM00089 implanted subcutaneously (The Jackson Laboratory) were obtained for use in the
chemotherapeutic studies. Mice were housed in a barrier facility at the University of Delaware. Once tumors reached 4 mm
in size, mice were randomly divided into 5 groups of 3 mice
each. One group served as day 0 and was euthanized immediately. Three groups received weekly i.p. 0.5 ml injections of 15
mg/kg of docetaxel dissolved in 10% ethanol, 5% glucose in
water to block tumor growth. Groups of mice were euthanized
on post-docetaxel treatment day 2, 8, or 15. One group of mice
were treated with weekly i.p. 0.5 ml injections of 15 mg/kg of
docetaxel for 3 weeks. At post-docetaxel treatment day 21, treatment was stopped to monitor re-growth of tumor. Mice were
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monitored and tumor development was documented twice weekly by Vernier calliper measurements. Tumor volume was calculated as (length×width×width)/2. All mice were euthanized by
CO2 asphyxiation followed by cervical dislocation and tumors
were excised from each mouse. Tumors were fixed in formalin
and then embedded in paraffin by the Histochemistry & Tissue
Processing Core Lab of Nemours/Alfred I. duPont Hospital for
Children. Longitudinal 5 µm-thick sections were obtained from
each sample block and used for immunohistochemical staining.
Immunohistochemistry

Slides were deparaffinized in Citrasolv (3×10 min) and
rehydrated in ethanol at decreasing concentrations (100%, 90%,
and 80% for 2×3 min each) ending in distilled water for 30 s.
Slides were then heated in a microwave oven in 1x Citra for
antigen retrieval. After cooling to room temperature, staining
was done according to DAB Substrate Kit protocol (ab64238).
Slides were washed with Phospate Buffered Saline (PBS) (2×2
min) and then incubated with peroxidase quenching solution
for 5 minutes. Slides were washed with PBS (2×2 min) and
then incubated with blocking solution for 10 minutes. Blocking solution was rinsed off and slides were incubated overnight
at 4 °C with rabbit polyclonal antibodies against IL-6 or IL-8
(ab154367 1:100, ab106350 1:100), and rabbit monoclonal antibodies against Gli-1, Sonic Hedgehog, ALDH1A3, (ab53281
1:100, ab134906 1:100, ab52492 1:100). Slides were washed
in PBS (2×2 min) and then incubated with biotinylated secondary antibody for 10 min. Slides were washed in PBS (2×2 min)
and then incubated with streptavidin-peroxidase conjugate or
10 min. Slides were washed in PBS (2×2 min) and then incubated with 3,3’-Diaminobenzidine (DAB) chromogen for 5 min.
Slides were washed in running deionized water for 2 minutes
and then counterstained with hematoxylin for 2 minutes. Slides
were washed with running deionized water for 2 minutes and
then incubated in PBS for 30 s. Slides were dehydrated using
an increasing ethanol concentration (70%, 80%, 95%, 100%)
and then mounted. Slides were analyzed using Nikon Eclipse
TS100 microscope. The number of positive tumor cells per 20X

Figure 1 A: Representative graph of changes in tumor volume after treatment with
docetaxel. Red arrows indicate administration of docetaxel.
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field were counted as a percentage of total cells. Five fields were
counted per sample. Positive tumor cell counts were independently verified by multiple investigators blinded to the treatment
order.
Statistical Analysis

Statistical analysis was performed using Graph Pad
Prism 6 software (Graph Pad, La Jolla, CA, USA). The mean
values of data were evaluated using Analysis of variance (ANOVA) followed by an unpaired test. For all tests, p values less than
0.05 were considered to be significant.
RESULTS
Hedgehog Activation Occurs Transiently after Treatment with
Docetaxel and Proceeds Tumor Regrowth

In order to determine if HH activation occurs after in
vivo treatment with chemotherapy, we chose to examine the
kinetics of HH activation in a patient derived tumor xenograft
mouse model that was essentially negative by immunostaining
for expression of HH family members prior to treatment. Upon
weekly injections of 15 mg/kg of docetaxel, we observed a decrease in tumor volume beginning around day 4 post-docetaxel
treatment and reaching a nadir between 14-18 days after treatment at which time an increase in tumor volume was observed
(Figure 1). Tumors reached their pre-treatment size approximately 35-39 days after the start of treatment. Prior to chemotherapy treatment, there was minimal expression of SHH and
nuclear Gli. Increases in both SHH and nuclear Gli-1 expression were observed within 48 hours after treatment with chemotherapy, peaking around day 8 when approximately 63% (range
52-80%, SD 12.0) of cells were positive for expression of SHH.
This correlated with nuclear Gli-1 expression in approximately
40% (range 29-45%, SD 6.1) of cells, indicating full activation
of HH signaling. Levels of SHH and nuclear Gli-1 began to decrease after day 8, remaining only slightly above pre-treatment
levels upon tumor regrowth at day 39 (Figure 2). These findings

Figure 1B: H&E stains of tumor tissues obtained prior to and at indicated time-points
after docetaxel treatments. Images were acquired using a 20X objective.
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Figure 2A. Immunohistochemical analysis of SHH expression in xenograft tissues prior to
and at the indicated timepoints after docetaxel treatment. Images were acquired using a 20X
objective.

http://dx.doi.org/10.17140/CSMMOJ-2-112

Figure 2B: Immunohistochemical analysis of Gli-1 expression in xenograft tissues prior to
and at the indicated timepoints after docetaxel treatment. Nuclear and cytoplasmic expression of Gli-1 is observed after treatment. Images were acquired using a 20X objective.

Figure 2C: Quantification of percent of cells positive for moderate to strong staining of SHH and Nuclear Gli-1 in
five 20X fields. n=3 mice per time point. Error bars represent 95% confidence interval. Asterisk represent a significant statistical difference from untreated, *p<.01, **p<.005, ***p<.001.

indicate that HH signaling, including ligand release and nuclear
Gli-1 translocation, are transiently induced by chemotherapy,
and may promote tumor regrowth.

IL-8 continued to decrease upon tumor regrowth with no significant difference between observed pre-treatment levels and those
at day 39.

Hedgehog Activation after Docetaxel Treatment Correlates with
Inflammatory Responses

Sustained Increases in ALDH1A3 Positive Populations Occur
after Chemotherapy

During the normal wound healing process, HH activation is induced by the inflammatory response within the site of
tissue injury. Inflammatory cytokines such as interleukin-6 (IL6) and interleukin-8 (IL-8) are released during tissue injury and
help to initiate re-epithelialization.14 We sought to determine if
release of these cytokines correlated with HH expression in our
model of residual disease. Similar to the expression of SHH and
nuclear Gli-1, we observed transient increases in IL-6 and IL-8
within 48 hours after chemotherapy treatment, peaking around
day 8 post-docetaxel treatment (Figure 3). Levels of IL-6 and

We have previously shown that HH activation is induced after chemotherapy and promotes increases in stem-like
populations in breast cancer cell lines.13 Likewise, both IL-6 and
IL-8 have been linked to expansion of stem-like populations after chemotherapy treatment.15 Consistent with other studies, we
showed an increase of cells expressing the stem-cell marker ALDH1A3 following docetaxel treatment (Figure 4). This increase
occurred at day 15, and was preceded by increased expression
of inflammatory cytokines and activation of HH signaling, suggesting that these signals promote an expansion of ALDH1A3
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Figure 3A: Immunohistochemical analysis of IL-6 and IL-8 expression in xenograft tissues prior
to and at the indicated timepoints after docetaxel treatment. Images were acquired using a 20X
objective.

Figure 3B: Quantification of percent of cells positive for moderate to strong staining of Il-6
and IL-8 in five 20X fields. n=3 mice per time point. Error bars represent 95% confidence interval. Asterisk represent a significant statistical difference from untreated, **p<.005, ***p<.001.

Figure 4A: Immunohistochemical analysis of ALDH1A3 expression in xenograft tissues prior to and at the indicated timepoints
after docetaxel treatment. Images were acquired using a 20X objective.

Figure 4B: Quantification of percent of cells positive for moderate to strong staining of
ALDH1A3 in five 20X fields. n=3 mice per time point. Error bars represent 95% confidence interval. Asterisk represent a significant statistical difference from untreated,
**
p<.005, ***p<.001.
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cells. Although, there was a slight decrease in ALDH1A3 positive cells at regrowth, in contrast to the transient expression observed for the inflammatory markers, expression of ALDH1A3
remained significantly increased at regrowth compared to pretreatment levels (p<0.005). These data indicate a long-term expansion of the ALDH1A3 positive cell population.
DISCUSSION

Our previous studies have shown that HH signaling is
increased in recurrent tumors and may promote expansion of
BCSC after treatment. The results of our current study suggest
that rather than an expansion of resistant HH positive cells, HH
signaling is induced by chemotherapy and promotes expansion
of ALDH1A3 positive BCSC. These findings are consistent
with our previous studies, which showed that HH signaling was
induced in the majority of tumor cells, but did not provide a
protective effect. Rather, HH signaling may have an effect on a
small population of resistant cells, which then may repopulate
the tumor.
Our data further demonstrates that inflammatory processes are activated after treatment with chemotherapy. During
tissue injury, inflammatory cytokines such as IL-6 and IL-8 are
released shortly following wounding. This inflammatory response may initiate events that result in the activation of HH
signaling, which then promotes expansion of progenitor populations, leading to re-epithelialization of the wound.16-18 Similar
to our findings in the current study, levels of IL-6 and IL-8 at
the injury site are transient and decrease following re-epithelialization.19 These findings suggest that a wound healing reaction occurs as a result of tissue damage following chemotherapy,
which may trigger activation of pathways such as HH by the
dying tumor cells. As in tissue injury, these signals may promote
expansion of stem-like cells, leading to regrowth of the tumor. In
our model, this inflammatory reaction is transient. However, the
increases in the population of stem-like cells remain after tumor
regrowth and may promote further resistance or metastasis after
treatment.
Both IL-6 and IL-8 have been found to promote an
aggressive tumor microenvironment through activation of the
STAT-3-NfKB signaling. Like HH activation, activation of
STAT-3 has been shown to increase proliferation of BCSCs.20
IL-6-STAT3 signaling is reported to indirectly upregulate canonical hedgehog signaling in other tumor models.21 Whether
the increase of SHH observed in our model after chemotherapy
is directly or indirectly regulated by IL-6-STAT3 signaling is
unknown. Likewise, it is possible that there may be significant
cross-talk between the two pathways that promote increases in
BCSCs.
It is unclear if the expansion of ALD1A3 cells following
chemotherapy results from a proliferation of existing BCSCs, or
the acquisition of a stem-like phenotype by differentiated tumor
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cells. While HH signaling has been shown to promote proliferation of both normal and cancer stem cells, it has also been shown
to alter plasticity of committed cells. For example, during tissue
injury, HH signaling has been shown to transform committed
hair follicular cells into epidermal stem cells, whose progeny
exhibit the features of self-renewing epidermal stem cells.17,22 In
addition, changes in cellular plasticity have been reported after
treatment of breast cancer cells with radiation. ALDH negative
cells were shown to acquire an ALDH positive phenotype following treatment with high doses of ionizing radiation.23 It is
possible that changes to the microenvironment of the stem cell
niche during chemotherapy may promote de-differentiation of
tumor cells. Additional confirmation of this BCSC expansion using other stemness markers is needed. Likewise, further investigation using lineage tracing experiments should be performed
to determine if changes in cellular plasticity occur after chemotherapy, and if these can be prevented with the addition of HH
inhibitors or anti-inflammatory agents.
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A significant number of discrepancies exist within the literature regarding ALDEFLUOR-positive stem cell populations in cell lines. We hypothesized that these inconsistencies
resulted from differences in culture conditions, particularly cell density. We cultured several
colon cancer cell lines (N=8) at high and low densities and found a significant decrease in
ALDEFLUOR-positive cell populations at high density. However, we found no changes in the
CD166-positive stem cell population, self-renewal, or cell cycle distribution of cells cultured
at different densities. Interestingly, when we sorted both ALDEFLUOR positive and negative
populations from the different density cultures, we identified a significant number of Aldehyde
dehydrogenase (ALDH) isoforms whose expression was decreased in ALDEFLUOR-positive
stem cells cultured at high density. This novel finding suggests that multiple ALDH isoforms
contribute to ALDEFLUOR activity in colon cancer stem cells and decreases in ALDEFLUOR-positive stem cells at high cell density are due to decreased expression of multiple ALDH
isoforms. Thus, designing therapeutics to target ALDEFLUOR-positive cancer stem cells may
require inhibition of multiple ALDH isoforms.
KEYWORDS: ALDEFLUOR; Cancer stem cells; ALDH isoforms; Density.
ABBREVIATIONS: CSCs: Cancer stem cells; ALDH: Aldehyde dehydrogenase; BAAA: BODIPY-Aminoacetaldehyde; DEAB: Diethylaminobenzaldehyde; ATRA: All-Trans-Retinoic Acid;
ATCC: American Type Culture Collection; FBS: Fetal Bovine Serum; HepG2: Hepatocellular
carcinoma; HEK293: Human embryonic kidney cells; DMEM: Dulbecco’s Modified Eagle’s
Medium; EDTA: (Ethylenedinitrilo)tetraacetic acid; EGF: Epidermal Growth Factor; CTCR:
Center for Translational Cancer Research; RNA: Ribonucleic acid; DNA: Deoxyribonucleic
acid; DNAse: Deoxyribonuclease; TECAN: Tecan Group Ltd.; PCR: Polymerase Chain Reaction.
INTRODUCTION
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With the increased use of the ALDEFLUOR assay to isolate and identify Cancer Stem
Cells (CSCs), we noticed different published papers reported different percent ALDEFLUORpositive cells for the same cancer cell lines.1-4 This difference was also seen in our own cell
cultures especially when the colon cancer cell lines were grown in low or high densities. We
hypothesized that the variation in ALDEFLUOR results was due to cultures being grown at different densities and that ALDEFLUOR-positive stem cell populations might express different
Aldehyde dehydrogenase (ALDH) isoforms dependent on culture density. There is a paucity
of data reported on cell culture density in papers giving results on the number of CSCs using
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the ALDEFLUOR assay. However, there are a few articles and
reviews that acknowledge that gene expression can change with
respect to the changing characteristics of stem cells observed at
different culture densities.5-9
Aldehyde dehydrogenase (ALDH) is part of a family of
enzymes localized in the cytoplasm, mitochondria or nucleus.10
In recent years, ALDH has been used to identify CSCs in various solid tumors and it has become a universal marker for CSCs
in epithelial cancers.10,11 The ALDEFLUOR assay allows for the
isolation of viable CSCs from patient tissue samples and for further analysis involving in vitro and in vivo studies. This assay
measures the ALDH enzyme activity via cleavage of a fluorescent substrate, BODIPY-Aminoacetaldehyde (BAAA), that consists of an aminoacetaldehyde moiety bonded to the BODIPY
fluorochrome.12 To measure the exact percent of cells with high
ALDH activity, an ALDH inhibitor, Diethylaminobenzaldehyde
(DEAB), is used as a control.
There are 19 known isoforms of ALDH and several
have been implicated in different types of cancers. Isoform
expression is cell and tissue type dependent. In breast cancer,
ALDH1, ALDH1A1, 1A3, and 3A1 have all been identified and
correlated with aggression, progression, or poor survival.13-16
ALDH1A3 has also been identified as the main isoform responsible for ALDEFLUOR activity in breast cancer cells.17 In ovarian cancer, ALDH1A1 overexpression was tumor-type specific.
Overexpression of isoforms 1A3, 3A2 and 7A1 in ovarian cancer
appear to be a more consistent finding.18 ALDH7A1 overexpression is reported to contribute to metastasis in prostate cancer.19
Overexpression of ALDH3A1 has also been identified in prostate cancer and hepatocellular carcinoma. In colon, ALDH1B1
was identified as a potential CSC biomarker in patient samples.20
Particularly in colon, a pan-ALDH1 antibody has been used to
identify expression patterns. Expression of the ALDH1 family
in colon cancer cell lines and patient samples have been utilized
by several lab groups to identify and isolate CSCs.2,11,21,22 While
many isoforms have been identified as biomarkers and indicators of tumorigenicity and cancer progression, several other isoforms still remain to be investigated.
Each of the different ALDH isoforms has a particular
specificity for different substrates linked to their role in cellular
function. For example, ALDH1A1, ALDH1A2, ALDH1A3 and
ALDH8A1 have been linked to retinoic acid cell signaling via
retinoic acid production due to the oxidation of All-Trans-Retinoic Acid (ATRA) and 9-cis retinoic acid.23 The other isoforms
are not directly related to retinoic acid signaling and instead have
slightly different roles. Their substrate preferences also depend
on the intra-cellular location of the isoforms, as some isoforms
are mitochondrial and others are found in the cytoplasm.
In our current study, we analyzed colon cancer cell
lines cultured in low and high densities to ascertain the effects
of density on the ALDH population size via the ALDEFLUOR
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assay. Our goal was to investigate how density culture conditions contribute to changes to the ALDEFLUOR cell population
size and whether or not this regulation occurs due to changes in
a specific ALDH isoform, particularly one that might be unique
to colon cancer cells. To our knowledge, this is the first report of
density differences observed with the ALDEFLUOR assay and
an attempt of looking at the possible causes behind these differences.
METHODS
Cell Culture

HT29 and HCT116 cells obtained from American Type
Culture Collection (ATCC; Manassas, VA, USA) were grown in
monolayer cultures and maintained in: McCoys medium (GIBCO/Life Technologies) supplemented with 5% Fetal Bovine
Serum (FBS) and 100 units/ml penicillin and 100 ug/ml streptomycin (P/S). SW480 cells obtained from ATCC were maintained in Leibovitz’s 15 (L-15) medium (GIBCO/Life Technologies) supplemented with 5% FBS and P/S. LoVo, Colo320 and
DiFi cells were maintained in Roswell Park Memorial Institute
(RPMI-1640) medium (GIBCO/Life Technologies) supplemented with 5% FBS and P/S. Hepatocellular carcinoma (HepG2)
and Human embryonic kidney cells (HEK293) cell lines were
maintained in Dulbecco’s Modified Eagle’s medium (DMEM)
supplemented with 5% FBS and P/S. All cell cultures were
maintained at 37 °C in humidified air at 5% CO2. To achieve the
desired low and high cell densities, cells were plated at 400,000
cells/100 mm culture dish (Greiner, VWR International) for low
density and 800,000 cells/100 mm dishes for high density. Cells
were allowed to grow for 3-5 days until a confluency of 30-40%
was achieved for low density and 70-80% was achieved for high
density. Culture medium for all cell lines was changed every 48
hours. Cell cultures never reached full confluency at the time of
analysis. All experiments in this study were conducted within
ten passages.
ALDEFLUOR Assay

Protocol was followed according to the manufacturer
(STEMCELL Technologies). Briefly, cells were grown to 80%
confluence and lifted using 0.25% Trypsin-EDTA (Fisher Scientific). Cells were spun for five minutes to pellet and washed
once with PBS. Cells were resuspended in ALDEFLUOR assay
buffer at a concentration of one million cells/ml. Two tubes were
labeled as control and sample. To the control tube, 5 μl of the
DEAB inhibitor was added. To the sample tube, 5 μl of the activated ALDEFLUOR reagent was added, mixed and immediately
500 μl of the suspension was taken out and put in the control
tube with the inhibitor. Cells were incubated for 40 minutes at
37 °C. After incubation, cells were spun for five minutes to pellet
and washed once with ALDEFLUOR buffer. Cell were resuspended in 500 μl ALDEFLUOR buffer and passed through a BD
round bottom tube with a 50 μm cell strainer (BD Biosciences).
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Samples were placed on ice and covered from light until ready
for analysis on the BD FACSAria II Flow Cytometer.
Flow Cytometry

All cells were grown to the appropriate low and high
culture densities and lifted using an (Ethylenedinitrilo)tetraacetic acid (EDTA) based solution called Cell Stripper (Fisher Scientific). Cells were spun for five minutes to pellet and resuspended in a 3% BSA blocking solution made in PBS. Cells were
incubated for 1 hour on ice in this blocking solution before 5 μl
of CD166-PE conjugated antibody (BD Biosciences) was added to the cells. An appropriate PE conjugated IgG control (BD
Biosciences) was used at an equal concentration to the CD166
antibody. Cells were incubated on ice for 30 minutes. Following
primary antibody and IgG incubation, cells were washed twice
with PBS, and then resuspended in PBS. Cell suspensions were
passed through a BD round bottom tube with a 50 μm cell strainer (BD Biosciences). Cell surface staining was analyzed using
the BD FACSAria II Flow Cytometer.

http://dx.doi.org/10.17140/CSMMOJ-2-113

at high and low densities. RNA was isolated using the TRIzol
reagent (Thermo Fisher Scientific) and the protocol provided
by the manufacturer. Briefly, cells were pelleted and lysed in
TRIzol reagent. After a brief incubation at RT, chloroform was
added and samples were incubated for 2-3 minutes at RT. Samples were centrifuged and the aqueous phase was removed. RNA
was precipitated with isopropyl alcohol, washed with ethanol
and resuspended in sterile water. RNA was Deoxyribonuclease
(DNAse) treated with the Deoxyribonucleic acid (DNA)-free
DNA Removal Kit (Ambion) per the manufacturer’s protocol.
Concentration of the RNA was determined using the Tecan
Group Ltd. (TECAN) Infinite 200 PRO microplate reader. Equal
amounts of RNA were used for the reverse transcriptase reaction. Using the SuperScript III First-Strand Synthesis System
(Life Technologies) and the provided protocol, complementary
DNA (Cdna) was generated. Polymerase Chain Reaction (PCR)
was performed using 50 ng cDNA and the GoTaq Green PCR
Mastermix (Promega). Primers and reaction conditions for the
19 ALDH isoforms were previously published.17 PCR products
were analyzed on a 1.5% agarose gel and imaged on the Syngene
imaging system.

Colonosphere Assay

Cells were plated at a cell density of 200 cells per 100
μl of stem cell media which is composed of serum free DMEM/
F12 (GIBCO Inc.) with the addition of Epidermal Growth Factor (EGF) and basic Fibroblast Growth Factor (bFGF) and B-27
complex without Vitamin A (Life Technologies, Carlsbad, CA,
USA). The method and culture medium used to perform the
colonosphere assay was from a previously published article.24
Ultra low attachment plates (BD Biosciences) were used for this
assay and colon spheres were analyzed for their size (diameter)
and numbers per well on day ten using the 10x objective of a
phase contrast microscope.
Cell Cycle

Cells were plated at low and high densities in 100 mm
cell culture dishes and harvested using trypsin. The cells were
washed two times with PBS and then fixed in 1 mL ice cold 70%
ethanol. Ethanol was added dropwise to the cells while vortexing to avoid clumping. Cells were fixed for at least 48 hours
before analysis and stored in 4 °C until ready to stain with propidium iodide. When ready to stain and analyze samples, fixed
cells were washed twice with PBS and spun down at 2000 rpm
for 5 minutes each time. Cells were resuspended in 1mL FxCycle PI/RNase staining solution (Invitrogen) and allowed to
incubate for 15 minutes at room temperature and covered from
light. Cells were transferred to a BD tube and analyzed on the
BD FACSAria II Flow Cytometer with the PE channel.
Reverse Transcriptase-Polymerase Chain Reaction

Ribonucleic acid (RNA) was isolated from ALDEFLUOR positive and negative sorted cells that were cultured
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Statistics

All statistics were performed using Student’s t-test using Microsoft excel or a Paired t-test using Graph Pad Prism
software analysis.
RESULTS

Our laboratory observed significant variations in the
percent of ALDEFLUOR positive cells from one experiment to
the next and between scientist to scientist. In order to understand
why such large variations occurred, we looked at several different cell lines and plated them at different cell densities (Figure
1A). We found that when most cells were harvested at a lower
density (30-40%) they had a higher percent of ALDEFLUOR
positive cells. However, when the cells were harvested at a
higher density (70-80%), but not confluent, the percent ALDEFLUOR activity was much lower (Figure 1B). This difference
between the percent ALDEFLUOR positive cells in low and
high density was statistically significant in 6 of the 8 cell lines
(Figure 1C). The DiFi and HCT116 did show the same trend
with decreased ALDEFLUOR activity in high density cultures,
but they did not reach a statistically significant difference in the
percent ALDEFLUOR positive cells between the two cell densities (Figure 1C).
While the ALDEFLUOR assay is a commonly used
method to identify and isolate stem cells, another marker often
used to identify colonic stem cells is CD166. To investigate if
the changes we see in ALDEFLUOR activity at different densities correlates with changes in the stem cell population based
on another marker, we evaluated the percent of CD166 positive
cells in three cell lines at low and high densities. In the three cell
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Figure 1: Cell density affects ALDEFLUOR activity without changing other stem cell characteristics. Representative images of HT29 and SW480 cells grown ay low (3040%) and high (70-80%) cell densities (A). It is important to note that the cells never reach full confluence before analysis. Cells from low and high density were cultured
and ALDEFLUOR assay was performed. Representative histograms from one set of analysis on HT29 and SW480 cells grown at low and high density (B). Different colon
cancer cell lines were cultured at low and high densities and ALDEFLUOR was performed. The average values of percent positive cells is graphed to show significant
changes in ALDEFLUOR positive cells at low and high densities (C). Expression of CD166 on three different colon cancer cell lines grown at low and high densities (D).
Cells were grown at low and high density and then plated for colonosphere assay. Graph represents average number of spheres formed under each culture condition (E).
All experiments were N=3 except ALDEFLUOR assay was performed with multiple relicates (N=10). *=p<0.05, **= p<0.01, ***=p<0.001.

lines we studied, none of them showed differences in CD166 expression with cell density (Figure 1D). To further assess changes
in the stem cell characteristics based on density differences, we
performed a colonosphere assay for self-renewal ability. Cells
were cultured under the conditions that yield high or low density, and at that point, the same number of cells derived from
each culture condition was dissociated and plated for the sphere
formation assay. After 10 days, there was no change in the number or sizes of the spheres formed from either condition (Figure
1E). This indicates that whatever changes are occurring are culture dependent and when cells are removed from these culturing
conditions, they do not retain the changes in the ALDH-positive
stem cell population.
The progression of cells through the cell cycle could
possibility explain the decreased number of ALDEFLUOR positive cells at high density. Stem cells are believed to have slow
cycling times as compared to other cell types found in the colonic epithelium. If the higher ALDEFLUOR positive population observed at low density is a result of increased number of
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stem cells, then fewer cells present in S phase would correlate
with this finding. However, at high density, there is no substantial change in the percent of cells at any of the stages of the cell
cycle when compared to the lower density cultures (Figure 2).
Based on these findings described above, we haven’t
seen any change to explain why there is a higher percentage of
ALDEFLUOR positive cells at lower cell densities. We then surmised that the level of ALDH expression might decrease at high
density. In the literature, there are 19 different ALDH isoforms
that have been identified. Accordingly, we sorted out the ALDEFLUOR positive and negative populations from cells grown in
both the high and low density and performed PCR for each of
the 19 isoforms. In HT29 cells, several isoforms were decreased
in the high density ALDEFLUOR positive populations (Figure
3). Compared to the high density ALDH negative population,
approximately 50% of the isoforms expressed show a decreased
presence in the ALDH positive samples. Some of the same isoforms follow this pattern in the SW480 cells as well, but not to
the extent as seen in HT29 cells (Figure 3). Based on several
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Figure 2: Cell cycle does not change with density. Cells were plated at low and high densities and then fixed before propidium iodide analysis. HT29 (A), SW480 (B), and HCT116 (C) cells were analyzed for different phases of the cell cycle and
there was no significant changes seen between each phase (N=3).

Figure 3: Expression of several ALDH isoforms change with density in HT29 cells. Images are representative of RT-PCR data obtained from multiple experiments. All isoforms shown, except ALDH1A1,
demonstrate reduced or absent expression in the high density ALDH positive samples.

different sets of cells that were screened, the expression of the
19 ALDH isoforms is summarized in Table 1. Our results indicate expression of several ALDH isoforms in colorectal cancer
becomes decreased at high density.
DISCUSSION

Large differences were observed in ALDEFLUOR
activity between cell cultures grown in low and high densities. We evaluated several different colon cancer cell lines, as
well as HepG2 and HEK293 cells, and all lines except DiFi and
HCT116 cells, showed a significant difference in ALDEFLUOR

Cancer Stud Mol Med Open J

activity when cultured at different densities. In the literature,
there are many reports of different percentages of ALDH or
ALDEFLUOR positive cells in various colon cancer cell lines.
In the current study we found SW480 cells have an average of
38% ALDH positive cells in low density growth conditions and
19% ALDH positive cells in high density conditions. In comparison, others have cited the SW480 cell population to have
percentages of ALDH positive cells approximately 17.5±0.07%
which resemble our values for cultures grown in high density
conditions, or 48.3% ALDH positive cells which resemble more
of our cultures grown in low density conditions.3 HCT116 cells
also had a wide range of ALDH positive cells, but while trending
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Table 1: Expression of ALDH isoforms in HT29 and SW480 cells. Reverse Transcriptase PCR was performed on RNA isolated from ALDH positive and negative populations sorted from high and
low density cultures. Particularly in the HT29 cell line, some isoforms are absent in the high density ALDH positive fraction. Plus (+) signs indicate presence of a band for each replicate. Three
replicates were performed for the HT29 cell line and four replicates were performed for the SW480 cell line.

to a decreased ALDEFLUOR positivity in high density cultures,
HCT116 populations did not reach statistical significance in
our analysis. However, in the literature, there is a large range of
HCT116 ALDH positive cells (~4.0-49% ALDH positive) with
no clear mention of culture density conditions.1-4 Overall, these
reports illustrate the discrepancy between the ALDEFLUOR assay and quantification of stem cell populations. Our data herein
shows a significant difference between the population of stem
cells based on low and high density growth cultures. It is of interest to note that the experiments conducted in this study were
done within ten passages and based on our results there was no
correlation between passage number and ALDEFLUOR activity. Our findings suggest a standard needs to be set, according to
cell density, when performing experiments in order to be able to
compare experimental results on stem cell populations based on
the ALDEFLUOR assay.
After discovering this change in ALDH positive cells
in low and high density cultures, we wanted to see if this difference translated to other colon cancer stem cell markers. Research suggests that there are several subpopulations of stem
cells that reside within a tissue.25 Therefore, we looked specifically at CD166 expression since it is known that this is another
marker for identification of colon cancer stem cells.26,27 We see
that CD166 and ALDH1 identify different sub-populations of
colon CSCs as immunostaining marks distinct subsets of cells.
Interestingly, the density-based changes we noted to be associated with ALDEFLUOR assay are unique to the sub-population of
ALDH-positive cells, but not to the CD166-positive cells. Thus,
the stem cells marked by high ALDEFLUOR activity appear to
be sensitive to changes in cell density, but the sub-population of
stem cells marked by CD166 expression is not affected.
Since we saw a significant difference in ALDEFLUOR
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activity in low and high density cultures, we examined sphere
formation to corroborate the effect of density on the stem cell
property of self-renewal of these cells. Colonosphere assays
showed that no significant change occurred in sphere formation
or sphere size with cell density.
We then measured the distribution of cells in the different phases of the cell cycle between cells grown in low and
high cell density. There was no statistically significant change in
the percent of cells in each phase of the cell cycle with different
density cultures. It is important to note that the cell cycle analysis shows cells are still proliferating at high density. It could be
possible that the cells are distributed similarly throughout the
cell cycle, but that the time it takes the cells to transverse the
cycle is slower.
Up to this point we had not seen any changes between
cell cultures grown in low and high density other than the change
in ALDEFLUOR assay. To try to discern what might cause these
observed differences, we grew cells to low and high density
and then sorted the ALDEFLUOR positive and ALDEFLUOR
negative populations to assess changes in the ALDH messenger
RNA (mRNA) level. Although not widely published, researchers have observed changes in gene expression when cells are
cultured at different densities.8 One group has looked at changes
in gene expression in mesenchymal stem cells. They observed
that less dense cultures upregulate genes involved in proliferation and when the cultures become more confluent these genes
are down-regulated and genes involved in secretion of cytokines
are upregulated.7 It is possible that this is similar in our cultures.
At lower densities, genes involved in proliferation could be upregulated and increased stem cell population size could occur
to maintain the proliferative capacity of the culture. At higher
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cells densities, while still not yet confluent, cells could begin the
process of maturation, thus causing the stem cell population size
to contract.

suppression and lowering the tumor’s self-renewal ability.

In order to look at changes at the mRNA level of ALDEFLUOR positive and negative cells grown in low and high
cell densities, we profiled the entire spectrum of ALDH isoforms. There are 19 different isoforms of ALDH and not one
specific type of isoform is linked directly to ALDEFLUOR assay, although the manufacturer Stem Cell Technologies Inc. reports that the assay was optimized for the ALDH1A1 isoform.
However, based on our PCR data, there may be other isoforms
responsible for the ALDEFLUOR activity in colon cancer stem
cells. Indeed, our study demonstrated the involvement of several isoforms previously not identified in colon cancer. While
data exists linking ALDH1B1 to colon cancer as a potential biomarker20 and modulator of the Wnt/β-catenin, Notch and PI3K/
Akt signaling pathways,28 few other studies have looked specifically at this isoform. Changes in the ALDH1A3 isoform is
interesting, as this isoform has been linked to many other cancer
types and often follows the same pattern of ALDH1A1. In fact,
ALDH1A3 was identified as the dominant isoform in breast cancer responsible for ALDEFLUOR activity.17 In colon cancer cell
lines, ALDH1A3 is upregulated in chemoresistant lines29 and its
regulation in chemoresistant lines may be due to changes in expression.30 While there is no data, to our knowledge, showing
any links between ALDH4A1, ALDH6A1, and ALDH7A1 expression and colon cancer, our findings show changes in expression of these three isoforms at the mRNA level. Thus, it appears
that the activity detected by the ALDEFLUOR assay may be attributed to several different isoforms. It is possible that identification of these other isoforms in CSCs will allow us other means
to distinguish colon CSCs from normal stem cells.

The authors declare that have no conflicts of interests.

CONCLUSION

Our study discovered a considerable effect of cell density on the degree of ALDH activity using the ALDEFLUOR assay. When cells are cultured in either low or high density there is
a significant decrease in ALDH activity, but no drastic changes
in CD166 positive cells, sphere formation, or cell cycle distribution. The fact that most of the cancer cell lines in this study
showed a significant decrease in ALDH activity when cultured
at high density, we surmised there must be a difference in the
specific isoform of ALDH that is expressed or not expressed. Indeed, our study identified several unique ALDH isoforms that are
differentially expressed in ALDH positive cells that were grown
at different densities. Moreover, our findings indicate that there
are different ALDH isoforms expressed that have not been previously linked to colorectal cancer. Results from our study could
open up new approaches toward targeting colon CSCs. Effective
stem-cell-targeted treatments may result, not from the targeting of a single isoform, but multiple ALDH isoforms. Targeting
and destroying different sub-populations of CSCs may necessitate inhibiting multiple ALDH isoforms, resulting in growth
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