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ABSTRACT 

Context: In India, lung carcinoma is the fifth‑most common tumor and 
second‑most common tumor in the males as per the Indian Council of Medical 
Research registry of 2002. It has been seen that ALDH1 expression in non‑small 
cell lung cancer (NSCLC) and the presence of marker was linked to a more 
tumorigenic potential in the in vivo assessment and shorter disease‑free survival 
in NSCLC patients with platinum treatment. Aims: Hence, our objective was to 
detect association of cancer stem cell (CSC) marker aldehyde dehydrogenase 
1 (ALDH1) with clinicopathological profile in lung carcinoma patients. 
Settings and Design: This is a Pilot study. Subjects and Methods: It was a 
Pilot study where biopsies from 55 fresh previously untreated lung cancer patients 
visiting the Pulmonary Medicine Department of Era’s Lucknow Medical College 
and Hospital Lucknow and King George’s Medical University were taken for 
18 months November 2014–April 2016, after taking proper informed consent from 
them. Paraffin blocks were taken and stained by hematoxylin and eosin (Sigma) 
to make the histopathological diagnosis and immunohistochemistry was done 
for detection of CSC marker ALDH1 (Daco). Statistical Analysis Used: The 
statistical analysis was done using Statistical Package for Social Sciences 
Version 15.0 Statistical Analysis Software. The values were represented in 
number (%) and mean ± standard deviation. Results: Expression of stem cell 
marker ALDH1 with the staging of the tumor was observed in 62.5% of Stage I, 
80% of Stage II, 94.1% of Stage III, and 100% of Stage IV cases. Statistically, 
there was a significant association between ALDH1expression and stage of 
disease (P < 0.001). Diagnostic efficacy of ALDH1 expression in the detection of 
any positive clinical stage, it was found to be 88.6% sensitive and 90.9% specific.
Conclusions: Strong ALDH1 expression correlates with higher stage of lung 
carcinoma making it a prognostic marker needing in‑depth study.
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INTRODUCTION

In India, lung carcinoma is the fifth‑most common tumor and second‑most common tumor 
in the males as per the Indian Council of Medical Research registry of 2002. It accounts for 
6.9% of new cancer cases detected each year.[1] The absolute and relative frequency of lung 
cancer has risen dramatically over the decade. An example of the increasing frequency 
of lung cancers is that in the 19th century the age‑adjusted death rate from lung cancer 
was similar to that of pancreatic cancer; however, a worldwide increase has been seen 
since then in deaths caused by Lung carcinoma leading to increased age‑adjusted death 
rates. In 1985, Lung carcinoma became the leading cause of cancer deaths in women 

and now causes approximately twice as 
many deaths as breast cancer. Of late as 
per WHO Lung cancer deaths are declining 
in men, and the death rate in women 
has plateaued secondary to decreases in 
smoking.[1] Still, it is seen that more women 
die annually of lung cancer than breast 
cancer which could be attributed to the 
increasing trend of smoking and passive 
smoke inhalation in women.[1] However, 
9.3% of cancer‑related deaths in both the 
sexes is still attributed to lung cancer.[2]
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Despite a number of factors like the increasing numbers of 
new cases (171,600) per year, the large numbers of current 
and ex‑smokers at risk in the United States (50 million each), 
position of lung cancer as a predominant cause of death among 
Americans (6%), and a constant 72% mortality rate among lung 
cancer patients, there is almost no strategy or research funding 
for this epidemic even in the developed world.[3] Its status as a 
killer is worse in developing countries like India.

The major cause of development of such malignancy is the 
alkaloids and carcinogens present in the cigarette or bidi smoke 
being inhaled by the smokers as well as their family members 
passively, leading to predominantly squamous or the small cell 
variety of tumors. Other factors being implicated in pathogenesis 
of lung carcinoma are compounds such as arsenic, asbestos 
beryllium, coal, coal tar, and radon due to indoor exposure gamma 
radiations. Smoking leads to the development of squamous cell 
carcinoma which is more central or hilar in position and prone 
to metastasize. The response to chemo‑radiation in this type 
of tumor is not very good and is with a poor outcome. Lung 
cancer is a cause of concern because, on one hand, where the 
management of breast, cervical, and prostate cancer has seen 
considerable progress which has led to improved survival rates, 
mortality from lung cancer has remained largely unchanged with 
the best reported 5‑year survival rates for lung cancer being a 
mere 10%–15%.[4]

Patients can live with undetected lung cancer for years before 
it becomes apparent. Early lung cancer is largely asymptomatic, 
and because of internalization of tumors, the patients are not 
alerted by obvious physical changes. Squamous cell carcinoma 
takes around 8 years to reach a size of 30 mm when it can be 
commonly diagnosed so, by the time symptoms arise, the risk of 
metastasis is considerable.[5,6] Once symptoms appear they are 
often ignored by patients, delaying the diagnosis and treatment 
even further. The reasons for the patient delay in diagnosis are 
poorly understood.

The high mortality of lung cancer is very largely because 
approximately 80% of patients with lung cancer have 
Stage III or IV disease at presentation and are beyond therapeutic 
resection and care.[7] Ample evidence of a prolonged preclinical 
phase in lung cancer has been seen. Detection of the tumor at 
an earlier stage improves the 5‑year survival to around 60%.[6] 
It is proven that the earlier the lung cancer is discovered, the 
better are the patient’s chances of survival. Patients with 
radiograph‑documented stage I lung cancer have a 5‑year 
survival rate of 40%–80%, whether discovered by screening or 
accident. However, mortality in lung cancer worsens rapidly with 
advancing stage at the time of diagnosis.[8]

Histopathological diagnosis is necessary in lung cancers to rule 
out the possibility that the disease is not a nonmalignant process, 
to determine whether a lung cancer is a non‑small cell lung 
cancer (NSCLC) or an SCLC and to differentiate a lung metastasis 
from a primary lung tumor. The most common tumor in smokers 

is the squamous cell carcinoma and small cell carcinoma. Another 
variety is the glandular tumor, adenocarcinoma which is more 
commonly occurring in women, subpleural or more peripheral in 
position. Atypical glandular proliferation is another premalignant 
condition showing no association with smoking. It has been seen 
that there are clones of endobronchial cell populations which 
accumulate genetic mutations leading to more malignant and 
finally an invasive malignant state.

The need of the hour in the field of lung cancer research 
is discoveries which will lead to the development of new 
detection technologies, identification of key risk factors, 
and/or the validation of interventions for precancer or early 
cancer. A multimodal approach may be required to optimize 
early detection and management of lung cancer from screening 
programs and early attempts at this approach look promising.[9] A 
large number of diagnostic modalities are available in diagnosing 
the lung carcinomas. For example, cytological examination of 
sputum, specimens collected at bronchoscopic examination 
such as bronchial washing, lavages, tracheobronchial, and 
transthoracic fine‑needle aspiration and histology examination 
of bronchial biopsy and open lung biopsy. Despite the wide range 
of tests available, the delay in patient diagnosis could be due to 
many factors, such as socioeconomic status, cultural differences, 
and health‑care differences, and shortcomings. Similarly, the 
reasons for late detection of tumor and delayed therapy are that 
clinically the primary symptoms are too nonspecific to raise 
alarm.[10] Hence, in this context, a study found that the time from 
onset of symptoms to treatment was shorter in patients with 
Stage IV lung cancer (median 3.4 months) than in those with 
Stage I/II disease (median 5.5 months).[11]

According to popular newer concepts, cancer stem cells (CSCs) 
are a rare population of undifferentiated cells driving tumor 
initiation, maintenance and spreading.[11,12] Most therapies are 
directed at the bulk of rapidly dividing tumor cells but not the 
slow dividing CSCs. Expression of the stemness factors results in 
genetic plasticity that allows these cells to remain in a dormant, 
drug‑tolerant state. Eradicating CSCs, in addition, or instead of 
the fast‑growing tumor mass seems to constitute a promising 
approach to achieve a long‑lasting response and thereby to 
improve cancer therapy. A large body of evidence is in favor of 
the CSC concept; still, several aspects of its foundations were 
questioned. For example, the proof and enumeration of CSCs in 
xenograft transplantation experiments is subject to the degree 
of immune system incompetence of the host and appropriate 
microenvironmental conditions.[13,14]

The measurement of aldehyde dehydrogenase 1 (ALDH1) activity 
and expression represents a universal marker for the identification 
and isolation of CSCs from multiple sources.[10] In human lung 
cancer, cell lines ALDH1 activity has been seen to be associated 
with self‑renewal and differentiation, resistance to chemotherapy, 
expression of CD133 and enhanced tumorigenicity, as well as 
ability to recapitulate the original tumor heterogeneity in vivo.[11] 
Aldehyde dehydrogenase and its isoforms are responsible for 
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acetaldehyde oxidation and control the differentiation of normal 
stem cells.[11] ALDH1 has been suggested as the specific marker 
for human lung adenocarcinoma.[11] Unlike CD133, increased 
CSC ALDH1 has been found to be helpful in tumor staging and 
providing prognostic information. Furthermore, lung cancer cells 
that expressed ALDH1 were shown to be highly tumorigenic 
and clonogenic in addition to being capable of self‑renewal in 
comparison to lung cancer cells that do not express ALDH1. 
These insights suggest that ALDH1 functions in selecting for a 
subpopulation of self‑renewing NSCLC stem‑like cells have a 
greater possibility of being tumorigenic.[15]

It would be interesting to study the presence of CSC ALDH1 in 
lung cancer a tumor mainly graded by ALK and EGFR expression 
till now. Furthermore, it would be interesting to see if any 
correlation exists between the expression of these markers in the 
tumor and clinical staging of the disease at the time of diagnosis. 
This is an attempt to study the presence of CSC ALDH1 in lung 
cancer and correlate it with clinical outcome.

SUBJECTS AND METHODS

Population study
A total of 55 patients visiting Era’s Lucknow Medical College 
and hospital and King George Medical University, suspected 
to be suffering from lung cancer were taken in this pilot study 
for 18 months November 2014–April 2016. Patient consent and 
ethical clearance were taken before the study was conducted. 
Patients with any comorbidity such as TB, fungal infections, or 
endocrine diseases were excluded from the study. Lung tissue 
fixed in 10% formalin processed in paraffin blocks, used for 
staining, sigma for hematoxylin and eosin staining and Protein 
Tech for Immunohistochemistry. The slides were examined 
in Olympus Penta‑head microscope. Cases which were newly 
diagnosed and had no other associated malignancy or histories 
of chemo or radiotherapy were taken.

Immunohistochemistry and scoring
Immunohistochemistry (IHC) was done using the protein tech kit 
supplied. The tissue was first deparaffinized and then rehydrated, 
and then primary antibody was applied followed by application 
of enzyme‑conjugated secondary antibodies. After adding, the 
substrate‑specific staining was visualized. If weak or no staining 
was observed, an antigen’ unmasking’ enzyme digestion was 
required.

No specific scoring system for the two markers under study, 
ALDH1 has been designed which can be considered diagnostic 
as is the case with ER PR in breast carcinomas. However, in one 
study, done on oral lesions using the same markers, the authors 
designated the following method of scoring: the membrane 
and/or cytoplasmic immunoreactivity in epithelium of oral 
lichen planus (OL) was considered to indicate ALDH1‑positive 
expression. ALDH1 was classified into two categories to make 
analysis of their prognostic values for cancer development. 
According to Cioue et al.’s scoring of % cells staining they 

classified staining in <5% and >5% of epithelial cells of OL as 
ALDH1 negative and positive, respectively.[7] This is the method 
adopted by us for designating our sample as positive or negative.

Statistical analysis
The statistical analysis was done using  Statistical Package for 
Social Sciences, Lucknow, India  Version 15.0 Statistical Analysis 
Software. The Mean, standard deviation Student’s t‑test ANOVA 
Kruskal–Wallis tools were applied for statistical analysis.[12]

RESULTS

Age of patients ranged from 35 to 72 years. Majority of 
patients were aged above 50 years (54.5%). Mean age of 
patients was 53.51 ± 10.76 years. Majority of cases were 
males (42 cases) (76.4%). There were 13 (23.6%) females. Male 
to female ratio of patients was 3.23:1 [Table 1]. SI/FQ Smoking 
index or frequency ranged from 10 to 60 with a mean value of 
25.47 ± 13.09 [Table 2]. A total of 13 (23.6%) cases had no ALDH1 
expression. A total of 4 (7.3%) had Score 1, 5 (9.1%) had score 
2, and majority (n = 33; 60%) had Score 3. For Stage 0, ALDH1 
expression was observed in only 3 (27.3%) cases. The expression 
of ALDH1 was observed in 62.5% of Stage I, 80% of Stage II, 
94.1% of Stage III, and 100% of Stage IV cases. Statistically, 
there was a significant association between ALDH1 expression 
and stage of disease (P < 0.001) [Tables 3 and 4]. On evaluating 
the diagnostic efficacy of ALDH1 expression in the detection of 
any positive clinical stage, it was found to be 86.4% sensitive 
and 72.7% specific. The positive and negative predictive values 
of expression were 92.7% and 57.1%, respectively. The overall 
accuracy of the method was 83.6%. For stage 0, 72.7% patients 
had score 0 and 1 (9.1%) had score 2 and 2 (18.2%) had score 3. 
Mean score for stage 0 was 0.64 ± 1.21. For Stage I, only 37.5% 
had score 0, 2 (25%) each had score 1 and 2 and 1 (12.5%) had 
score 3. Mean score was 1.13 ± 1.13. For Stage II, 20% had 
score 0, 20% had score 2, and 60% had score 3. Mean score 
was 2.20 ± 1.23. For Stage III, none had had score 0 or 1, 5.9% 
had score 2, and remaining 94.1% had score 3. Mean score was 
2.94 ± 0.24. For Stage IV, none had score 0, 11.1% had score 1, 
and remaining 88.9% had score 2. Mean score was 2.78 ± 0.67. 
Statistically, a significant association between ALDH1 expression 
score and clinical stage was observed (P < 0.001) [Figures 1a‑d].

DISCUSSION

The predominant reason for high mortality rate in lung cancer 
patients is early tumor spread of lung cancer cells to distant, 
metastatic sites, and primary or acquired resistance of those cells 
to systemic therapy. Consecutively, more than two‑thirds of the 
patients are diagnosed with locally advanced or metastatic disease 
and nearly half of the patients who are diagnosed with early‑stage 
disease relapse within 5 years after surgical removal of the tumor 
mass and succumb from widely spread therapy‑resistant disease.[16]

There is a growing body of evidence that CSCs represent rare 
population of exclusively tumorigenic cells responsible for tumor 
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initiation, progression, metastasis, and recurrence.[17,18] Therefore, 
a better understanding of the biology of CSCs is providing 
opportunities for improved cancer detection and therapy in 
future. Various markers have been proposed to define stem 
cell populations in distinct solid tumors types. Expression of 
high ALDH1 enzymatic activity is a well‑accepted markers for 
lung CSCs. Both markers independently allow for selection 
of cells that have the ability to self‑renew, to initiate tumors 
when transplanted into SCID mice, and to differentiate into 
nontumorigenic cells, which form the bulk tumor mass.[19‑21]

We studied the presence of CSC ALDH1 in lung cancer biopsies 
of newly diagnosed cases and correlated them with stage and 
other clinic‑demographical features. Statistical analysis was done 
using Chi‑square test, Student’s t‑test, with a comparison between 
parameters done using ANOVA and Kruskal–Wallis H‑test. On 
studying the demographic data of the cases, we found that the age 
of patients under study ranged from 35 to 72 years. The majority of 
patients were aged above 50 years (54.5%) with the mean age of 
patients being 53.51 ± 10.76 years. In the studies reviewed the 
mean cutoff age of patients taken was 40 years,[22‑24] while another 
study put the cutoff age as 56 years.[25] Another study showed the 
cutoff age as 67 years with age ranging between 37 and 82 years, 
with 40% of the total cases being above 67 years of age. They also 
studied the relation of CSC with age and has reported an increased 
expression of CD133 with age.[26] However, no such trend was 
noted in our study. Studying the sex distribution and exposure to 
risk factors, of patients under study we saw that majority of cases 
were males (42) (76.4%) while there were 13 (23.6%) females with 
the male to female ratio of patients being 3.23:1. Our finding was 

supported by another study done by Mohan et al. where they saw 
that the ratio of men to women was 7.4:1.[24] In another study, 
the male to female ratio was found to be increased (3.58:1) with 
78% of the total population being males.[25]

It has been seen in a study that the prevalence of CSC marker 
ALDH1 was more in NSCLC than SCLC and that high levels 
of ALDH1 correlated with tumour stage, grade, and poor 
prognosis.[25,26] In a study done on oral cancers using ALDH1 in 
serial tissue sample of OL out of the 141 cases, 54 (38.3%) showed 
positivity for ALDH1 while and 32 (22.7%) showed positive 
expression for CD 133[27] a finding that matches our study where 
on studying presence or expression of stem cell markers ALDH1 
in all the 55 cases a total of 76.4% showed positivity for ALDH1. 

Table 3: Association between clinical stage and aldehyde dehydrogenase 1 
expression
Clinical stage Total number of cases Expression (%) No expression (%)
Stage 0 11 3 (27.3) 8 (72.7)
Stage I 8 5 (62.5) 3 (37.5)
Stage II 10 8 (80) 2 (20)
Stage III 17 16 (94.1) 1 (5.9)
Stage IV 9 9 (100) 0

Table 2: Exposure to different risk factors and pattern of exposure
Characteristic (55 cases) Statistic (%)
Smoke
Smoking 42 (76.4)
Biomass 11 (20.0)
Biomass + smoking 2 (3.6)
Chewing tobacco/gutka 8 (14.5)
Mean duration of smoking±SD (range) (n=43) 18.58±8.28 (10-45)
Mean SI/FQ±SD (range) (n=43) 25.47±13.09 (10-60)
SD: Standard deviation; SI/FQ: Smoking index/Frequency

Table 4: Prognostic efficacy of aldehyde dehydrogenase 1 expression 
for Carcinoma lung
CD133 expression Clinical Stage I or above Clinical Stage 0 Total
Present 38 3 41
Absent 6 8 14
Total 44 11
Sensitivity: 86.4%; Specificity: 72.7%; PPV: 92.7%; NPV: 57.1%; Accuracy: 83.6%. PPV: Positive 
predictive value; NPV: Negative predictive value

Table 1: Demographic profile of the cases (n=55)
Characteristic Statistic (%)
Age (years)

31-40 10 (18.2)
41-50 15 (27.3)
51-60 17 (30.9)
61-70 12 (21.8)
>70 1 (1.8)
Mean age±SD (range) in years 53.51±10.76 (35-72)

Gender
Male 42 (76.4)
Female 13 (23.6)

SD: Standard deviation

Figure 1: (a) Adenocarcinoma lung (H and E, ×40). (b) Adenocarcinoma 
lung (H and E, ×10). (c) Aldehyde dehydrogenase 1‑strong cytoplasmic 
positivity (immunohistochemistry, ×40). (d) Aldehyde dehydrogenase 
1‑strong positivity (immunohistochemistry, ×40)
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Wang et al.[28] reported that positive ALDH1A1 staining was 
detected in 41.28% (45/109) of the cases and ALDH1A1 mRNA 
expression was markedly elevated in most tumor tissues 
compared with adjacent normal tissues. In a study done by Miyata 
et al.,[29] they found the mean of 92 cases expressing ALDH1 on 
IHC as 52.1 which was significant expression On analyzing the 
scoring for ALDH1 we found that 13 (23.6%) cases had no ALDH1 
expression. A total of 4 (7.3%) had Score 1, 5 (9.1%) had score 2, 
and majority (n = 33; 60%) had Score 3. Miyata’s study in 2016 
shows a higher of scoring in poorly differentiated tumors for 
both the markers.[29]

On studying the association between clinical stage and ALDH1 
expression, ALDH1 expression was observed in only 3 (27.3%) 
cases of stage 0. The expression of ALDH1 was observed in 62.5% 
of Stage I, 80% of Stage II, 94.1% of Stage III, and 100% of Stage 
IV cases. Statistically, there was a significant association between 
ALDH1 expression and stage of disease (P < 0.001). On studying 
the Association of ALDH1 Expression Score with clinical staging 
statistically, a significant association between ALDH1 expression 
score and clinical stage was observed (P < 0.001). On studying 
the prognostic efficacy of ALDH1 expression for Carcinoma 
lung, it was found to be 86.4% sensitive and 72.7% specific. The 
positive and negative predictive values of expression were 92.7% 
and 57.1%, respectively. The overall accuracy of the method 
was 83.6%. Miyata et al. have also reported a higher scoring 
of the marker in higher stage of tumour.[29] However, as far as 
the expression of ALDH1 is concerned, it has been seen that 
isolated ALDH1 positive cells exhibit tumorigenic potential in 
both in vivo and in vitro studies and that immunohistochemical 
analysis of ALDH1 in lung tumour samples has shown positive 
correlation with tumour stage, grade, and poor tumor prognosis 
hence proving our findings of higher expression (score 3) in higher 
stages to be true.[26,30,31] However, no significant correlation was 
seen with marker expression and histological subtype, nuclear 
grade (especially in adenocarcinomas) and tumor inflammation 
in other studies done using the markers ALDH1 and CD133.[26,32]

ALDH1 has been seen to be associated with more aggressive 
tumor behavior and poor survival in NSCLC.[33] Miyata et al.[29] 
in their study, 2016 saw that high ALDH1 score was associated 
with poor survival. High expression of ALDH1 in Stage I have 
been associated with higher tumour recurrence. In another study 
done on rats, it was seen that increased ALDH1A1 expression was 
associated with poor survival in a cohort of NSCLC patients.[21] 
In this study, there were 29 cases (Stage 1–5, Stage 2–8, and 
Stage 3–16 cases) showing positivity however lack of follow‑up 
is a major limitation of this study and hence there is a need 
of larger sample size studies with follow up to be performed. 
Some preliminary studies have reported poorer prognosis and 
survival of patients with higher expression of ALDH1[26] as seen 
in our cases where all the cases in Stage IV were positive for 
the marker. Variation in expression of these isoforms specially 
when using a polyclonal antibody for testing should be kept in 
mind while interpreting results. However many studies have 
shown that ALDH1A1 has poorer prognostic value especially in 

breast, ovary and lung patients.[34,35] Hou et al.[36] have shown that 
ALDH1 is associated with poorer patient prognosis and higher 
staging. In a study the expression of ALDH1A1 was positively 
correlated with the stage and grade of lung tumors and related 
to a poor prognosis for patients with early‑stage lung cancer, 
which suggested that ALDH1A1 could be a potential prognostic 
factor and therapeutic target for the treatment of patients with 
lung cancer. Wang et al. and Li et al. saw that, higher ALDH1A1 
expression levels were associated with a higher stage of 
disease (Stage III + IV) and poor survival[28,37] Jiang et al. showed 
that the ALDH1A1‑positive lung cancer cells could generate 
tumors in vivo.[21] However, Dimou et al.[38] reported contradictory 
results, indicating that ALDH1A1‑negative expression in lung 
cancer patients corresponded to shorter survival compared with 
those with ALDH1A1‑positive expression and that ALDH1A1 
over expression was associated with a favorable outcome. 
Some studies have reported the opposite of what is observed in 
present study, i.e., low levels of marker correlating with poor 
outcome. This could be attributed to various isoforms of ALDH1 
existing (ALDH1A1, A2, A3, B1, L1, and L2).

CONCLUSION

Strong ALDH1 expression correlates with higher stage of lung 
carcinoma making it a prognostic marker needing in‑depth study. 
However, identification and analysis of ALDH1 as a CSC can open 
doors in the field of cancer chemotherapeutics and prognosis.

Financial support and sponsorship
Self‑funding.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Behera D. Epidemiology of lung cancer‑global and Indian perspective. 
J Indian Assoc Clin Med 2012;13 :131‑137.

2. Malik PS, Raina V. Lung cancer: Prevalent trends & emerging concepts. 
Indian J Med Res 2015;141:5‑7.

3. Feng W. Identification of Human Lung Cancer Stem Cell Markers. 
Research Grant Program Winning; 2010.

4. Birring SS, Peake MD. Symptoms and the early diagnosis of lung cancer. 
Thorax 2005;60:268‑9.

5. Hyde L, Hyde CI. Clinical manifestations of lung cancer. Chest 
1974;65:299‑306.

6. Corner J, Hopkinson J, Fitzsimmons D, Barclay S, Muers M. Is late 
diagnosis of lung cancer inevitable? Interview study of patients’ 
recollections of symptoms before diagnosis. Thorax 2005;60:314‑9.

7. Jensen AR, Mainz J, Overgaard J. Impact of delay on diagnosis and 
treatment of primary lung cancer. Acta Oncol 2002;41:147‑52.

8. Keysar SB, Jimeno A. More than markers: Biological significance 
of cancer stem cell‑defining molecules. Mol Cancer Ther 
2010;9:2450‑7.

9. Lam S, MacAulay C, Le Riche JC, Palcic B. Detection and localization 
of early lung cancer by fluorescence bronchoscopy. Cancer 
2000;89:2468‑73.

10. Spira A, Ettinger DS. Multidisciplinary management of lung cancer. 
N Engl J Med 2004;350:379‑92.

[Downloaded free from http://www.ijpmonline.org on Tuesday, March 31, 2020, IP: 106.192.73.27]



Tiwari, et al.: Association of ALDH1 with lung cancer

I n d I a n  J o u r n a l  o f  P a t h o l o g y  a n d  M I c r o b I o l o g y  ¦  V o l u M e  6 1  ¦  I s s u e  4  ¦  o c t o b e r - d e c e M b e r  2 0 1 8494

11. Myrdal G, Lambe M, Hillerdal G, Lamberg K, Agustsson T, Ståhle E, 
et al. Effect of delays on prognosis in patients with non‑small cell lung 
cancer. Thorax 2004;59:45‑9.

12. Loewen G, Reid M, Tan D, Klippenstein D, Nava E, Natarajan R, et al. 
Bimodality lung cancer screening in high‑risk patients: A preliminary 
report. Chest 2004;125:163S‑4S.

13. Hamilton G, Ludwig OU. Chemotherapy‑induced enrichment of cancer 
stem cells in lung cancer. J Bioanal Biomed 2010;S9:009.

14. Van Phuc P, Nhan PL, Nhung TH, Tam NT, Hoang NM, Tue VG, et al. 
Downregulation of CD44 reduces doxorubicin resistance of CD44CD24 
breast cancer cells. Onco Targets Ther 2011;4:71‑8.

15. Alamgeer M, Peacock CD, Matsui W, Ganju V, Watkins DN. Cancer stem cells 
in lung cancer: Evidence and controversies. Respirology 2013;18:757‑64.

16. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D, et al. Global 
cancer statistics. CA Cancer J Clin 2011;61:69‑90.

17. Hanahan D, Weinberg RA. Hallmarks of cancer: The next generation. 
Cell 2011;144:646‑74.

18. Reya T, Morrison SJ, Clarke MF, Weissman IL. Stem cells, cancer, and 
cancer stem cells. Nature 2001;414:105‑11.

19. Eramo A, Lotti F, Sette G, Pilozzi E, Biffoni M, Di Virgilio A, et al. 
Identification and expansion of the tumorigenic lung cancer stem cell 
population. Cell Death Differ 2008;15:504‑14.

20. Bertolini G, Roz L, Perego P, Tortoreto M, Fontanella E, Gatti L, et al. 
Highly tumorigenic lung cancer CD133+ cells display stem‑like 
features and are spared by cisplatin treatment. Proc Natl Acad Sci U S 
A 2009;106:16281‑6.

21. Jiang F, Qiu Q, Khanna A, Todd NW, Deepak J, Xing L, et al. Aldehyde 
dehydrogenase 1 is a tumor stem cell‑associated marker in lung cancer. 
Mol Cancer Res 2009;7:330‑8.

22. Nieburgs HE. Recent progress in the interpretation of malignancy 
associated changes (MAC). Acta Cytol 1968;12:445‑53.

23. Heerma van Voss MR, van der Groep P, Bart J, van der Wall E, 
van Diest PJ. Expression of the stem cell marker ALDH1 in BRCA1 
related breast cancer. Cell Oncol (Dordr) 2011;34:3‑10.

24. Mohan A, Latifi AN, Guleria R. Increasing incidence of adenocarcinoma 
lung in India: Following the global trend? Indian J Cancer 2016;53:92‑5.

25. Noronha V, Dikshit R, Raut N, Joshi A, Pramesh CS, George K, et al. 
Epidemiology of lung cancer in India: Focus on the differences between 
non‑smokers and smokers: A single‑centre experience. Indian J Cancer 
2012;49:74‑81.

26. Roudi R, Korourian A, Shariftabrizi A, Madjd Z. Differential expression 
of cancer stem cell markers ALDH1 and CD133 in various lung cancer 

subtypes. Cancer Invest 2015;33:294‑302.
27. Warnakulasuriya S. Living with oral cancer: Epidemiology with 

particular reference to prevalence and life‑style changes that influence 
survival. Oral Oncol 2010;46:407‑10.

28. Wang P, Gao Q, Suo Z, Munthe E, Solberg S, Ma L, et al. Identification 
and characterization of cells with cancer stem cell properties in human 
primary lung cancer cell lines. PLoS One 2013;8:e57020.

29. Miyata T, Yoshimatsu T, Sekimura A, Fukuyama T, Baba T, Uramoto H, 
et al. Cancer stem cell markers (ALDH1 and CD133) expression could 
be associated with a poor prognosis in the patients with lung 
adenocarcinoma. AACR 107th Annual Meeting, abstract 3353; 15 July, 
2016.

30. Xu YH, Wang JM, Zhang GB, Hu HC. Expression and clinical significance 
of CD133 and B7‑H4 in non‑small cell lung cancer. Jiangsu Med J 
2011;4:412‑5.

31. Herpel E, Jensen K, Muley T, Warth A, Schnabel PA, Meister M, et al. 
The cancer stem cell antigens CD133, BCRP1/ABCG2 and CD117/c‑KIT 
are not associated with prognosis in resected early‑stage non‑small 
cell lung cancer. Anticancer Res 2011;31:4491‑500.

32. Moreira AL, Gonen M, Rekhtman N, Downey RJ. Progenitor stem 
cell marker expression by pulmonary carcinomas. Mod Pathol 
2010;23:889‑95.

33. Travis WD, Brambilla E, Noguchi M, Nicholson AG, Geisinger K, 
Yatabe Y, et al. Diagnosis of lung cancer in small biopsies and cytology: 
Implications of the 2011 International Association for the Study of 
Lung Cancer/American Thoracic Society/European Respiratory Society 
Classification. Arch Pathol Lab Med 2013;137:668‑84.

34. Zeppernick F, Ahmadi R, Campos B, Dictus C, Helmke BM, Becker N, 
et al. Stem cell marker CD133 affects clinical outcome in glioma 
patients. Clin Cancer Res 2008;14:123‑9.

35. Fargeas CA, Huttner WB, Corbeil D. Nomenclature of prominin‑1 (CD133) 
splice variants – An update. Tissue Antigens 2007;69:602‑6.

36. Hou HW, Warkiani ME, Khoo BL, Li ZR, Soo RA, Tan DS, et al. Isolation 
and retrieval of circulating tumor cells using centrifugal forces. Sci Rep 
2013;3:1259.

37. Li X, Wan L, Geng J, Wu CL, Bai X. Aldehyde dehydrogenase 1A1 
possesses stem‑like properties and predicts lung cancer patient 
outcome. J Thorac Oncol 2012;7:1235‑45.

38. Dimou A, Neumeister V, Agarwal S, Anagnostou V, Syrigos K, Rimm DL, 
et al. Measurement of aldehyde dehydrogenase 1 expression defines a 
group with better prognosis in patients with non‑small cell lung cancer. 
Am J Pathol 2012;181:1436‑42.

[Downloaded free from http://www.ijpmonline.org on Tuesday, March 31, 2020, IP: 106.192.73.27]


