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Abstract: With the advancement of tumor subtype-specific treatments, precise histopathologic distinction between 
adenocarcinoma (ADC) and squamous cell carcinoma (SCC) is of significant clinical importance. Nevertheless, the 
current markers are insufficiently precise in poorly differentiated tissue. This study aimed to establish a histology-
specific immunomarker combination to subclassify non-small cell lung cancer (NSCLC) specimens. Based on previ-
ous work, we assessed the differential expression of anterior gradient 2 (AGR2) and keratin 5 (KRT5) in ADC and 
SCC by analyzing public datasets and postoperative specimens. Subsequently, we established a train set (n = 188) 
and a validation set (n = 42) comprised of NSCLC surgical specimens for training and verifying the subtype-identi-
fication capabilities of the two biomarkers separately and in combination, and contrasted the diagnostic utility of 
AGR2-KRT5 with that of the classic immunomarker combination, TTF1-P40. Differential expression of the two genes 
was statistically significant in ADC and SCC samples, both at the mRNA and protein levels. The specificity and sen-
sitivity of AGR2 to detect ADC in the training set were 97.0% and 94.4%, while the sensitivity and specificity of KRT5 
to determine SCC were 93.9% and 98.9%, respectively. The accuracies of AGR2-KRT5 in ADC, SCC, and across all 
samples were 93.3%, 92.0% and 92.6% respectively. In the validation cohort, the predictive accuracy of AGR2-KRT5 
was up to 100% for ADC and 86.7% for SCC. Compared with TTF1-P40 in ADC samples, AGR2-KRT5 had 8.4% higher 
accuracy. In summary, the AGR2-KRT5 immunomarker combination reliably distinguished SCC from ADC, and was 
more accurate than TTF1-P40 in ADC. 
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Introduction

Lung cancer is a leading cause of global can-
cer-related mortality, and is responsible for 
one-quarter of all cancer deaths [1]. Non-small 
cell lung cancer (NSCLC) constitutes more than 
85% of lung cancer diagnoses. Adenocarcino- 
ma (ADC) and squamous cell carcinoma (SCC) 
are the most prevalent NSCLC histological phe-
notypes [2-4]. Despite having several similar 
biological features, ADC and SCC are distinct 
diseases that develop through unique molecu-
lar mechanisms [5]. They differ in several attri-
butes, such as cell of origin, primary sites, and 
tumor progression [6, 7], suggesting that cer-
tain targeted therapies for NSCLC depend on 
histology. Due to the emergence of precision 
medicine and therapies with differential thera-
peutic efficacies and toxicities in specific histo-

logical tumor subtypes [8-12], accurate subtyp-
ing of NSCLC is essential to guide treatment 
decisions.

Because the resection rate for lung cancer is 
approximately 30% [3], pathological diagnosis 
is often made by evaluating small biopsy sam-
ples. Although the majority of NSCLCs can be 
subtyped through the examination of hematoxy-
lin and eosin (H&E)-stained slides, morphologi-
cal findings alone may be insufficient to refine 
the diagnosis of poorly differentiated and heter-
ogenous tumors [5], especially if specimen 
quantities are limited. Consequently, the 2015 
World Health Organization (WHO) Lung Cancer 
Classification Guidelines [2] recommend the 
use of immunohistochemistry (IHC) in sub-clas-
sifying NSCLCs. The combination of multiple 
ADC and SCC immunomarkers may optimize 
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the accurate and precise diagnosis of NSCLC 
histological subtypes, and the National Com- 
prehensive Cancer Network (NCCN) guidelines 
also recommend a panel of thyroid transcrip-
tion factor-1 (TTF1) and P40 to facilitate pre- 
cision diagnosis [13-15]. Nevertheless, their 
performance on poorly differentiated tissue 
remains far from ideal. For example, the diag-
nostic accuracy of TTF1 to detect ADC in speci-
mens lacking specific morphological features 
may be as low as 60% [16]. Subtypes cannot  
be determined accurately with the current IHC 
marker combinations in ambiguous cases, ne- 
cessitating second pathological assessments 
and causing treatment delays. Additionally, the 
WHO guidelines suggest that tissue samples 
for IHC staining should be used sparingly to 
ensure sufficient samples for further molecu- 
lar testing [3]. For instance, the selection of 
patient candidates for anaplastic lymphoma-
kinase and programmed death ligand 1 inhibi-
tor treatments requires IHC analyses [17, 18]. 
Consequently, discovering new markers with 
enhanced diagnostic precision in discerning 
NSCLC pathological subtypes has tremendous 
relevance.

We previously developed a qualitative tran-
scriptional signature to identify histologic clas-
sifications of ADC and SCC. The signature com-
prised two genes, anterior gradient 2 (AGR2) 
and keratin 5 (KRT5) [19], both of which have 
been used previously as histology-specific bio-
markers for discriminating between ADC and 
SCC at the protein level [20, 21]. In this study, 
we trained and validated the ability of AGR2 
and KRT5 for determining ADC and SCC, and 
contrasted the diagnostic accuracy of AGR2-
KRT5 with that of the classic immunomarker 
combination, TTF1-P40, whose use in histologic 
subclassification of NSCLC has been proposed 
in the NCCN guidelines [14]. The aim of this 
study was to assess the value of AGR2-KRT5 in 
distinguishing SCC from ADC.

Materials and methods

Study design

The study design is illustrated in Figure 1. First, 
the differential mRNA expression of AGR2 and 
KRT5 along with TTF1/P40 and other related 
biomarkers used for the differential diagnosis 
of ADC and SCC, were determined by analyzing 
NSCLC tissue results in six independent public 

gene expression datasets. Then, we applied 
IHC to evaluate the differences in protein 
expression levels of the two genes in a set of 
resection specimens obtained from NSCLC 
patients in our hospital (n = 188). Subsequently, 
we applied clinical data as a training set to 
“train” the two biomarkers (separately and in 
combination) to discriminate among NSCLC his-
tological subtypes. We validated the ability of 
AGR2 and KRT5 to distinguish ADC and SCC  
in a set of 42 resected poorly differentiated 
NSCLC tissues (the validation set), and com-
pared it with that of the commonly utilized IHC 
markers, TTF1 and P40 (alone and in combina-
tion, by retrieving the IHC staining results from 
the postoperative pathological reports of 42 
patients). Lastly, the association of AGR2/
KRT5 expression and clinicopathological pa- 
rameters including patient survival was studied 
in the training set and public databases. 

Gene signature for histological classification of 
NSCLC

Details of signature construction have been 
described previously [19]. Simply put, the genes 
that were differentially expressed in both ADC 
and SCC were extracted, and displayed oppo-
site dysregulated directions after drawing com-
parisons with healthy tissue (termed subtype-
opposite genes). From the subtype-opposite 
genes, we identified gene pairs whose relative 
expression ordering patterns (Ea > Eb) occurred 
significantly more frequently in ADC than in  
SCC samples. Ea and Eb represent the mRNA 
expression of gene a and gene b, respectively. 
The gene pair of AGR2 and KRT5 exhibited the 
highest accuracy (98.43%) in a stepwise for-
ward selection procedure, and was chosen as 
the signature for distinguishing SCC from ADC. 
As a rule, AGR2 mRNA expression higher than 
that of KRT5 was pathognomic of ADC; speci-
mens without this finding were designated as 
SCC.

mRNA expression analyses of the two signa-
ture genes and other diagnostic markers

Six public gene expression datasets of NSCLC 
tissues (Supplementary Table 1), which were 
not the training sets for the signature, were 
downloaded from the Gene Expression Om- 
nibus (GEO, http://www.ncbi.nlm.nih.gov/geo/). 
We evaluated whether the mRNA of AGR2 and 
KRT5 was differentially expressed between 
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ADC and SCC samples. We also assessed the 
mRNA expression of TTF1/P40 and other sub-
type-specific biomarkers in the six datasets. It 
is worth mentioning that P40 is an isoform of 
the gene P63 transcript-ΔNp63 that has a vari-
ant structure of the N-terminal domain [22]. 
Therefore, mRNA expression levels of P40 and 
P63 were identical; consequently, their results 
were combined for display.

Patients and specimens

A total of 230 resected, formalin-fixed, paraffin-
embedded NSCLC tissue specimens from 
patients who had undergone surgical treatment 
at our hospital between January 2006 and 
December 2014 (n = 188; the training set) or 
between October 2015 and March 2019 (n = 
42; the validation set) were obtained. The train-

Figure 1. Study design. Differences in mRNA expression of the biomarker genes were analyzed using the Student’s 
t-test. The subtype identification abilities of the two markers were evaluated by IHC staining in both the training and 
validation sets. AGR2, anterior gradient 2; KRT5, keratin 5; ADC, adenocarcinoma; SCC, squamous cell carcinoma; 
NSCLC, non-small cell lung cancer; GEO: Gene Expression Omnibus; IHC, immunohistochemistry; ROC, receiver 
operator characteristic; OS, overall survival.
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ing set included specimens from patients with 
postoperative diagnoses of ADC (n = 89) or SCC 
(n = 99). The validation set comprised speci-
mens from patients with postoperative diagno-
ses of poorly differentiated NSCLC by H&E 
staining. Initial diagnoses were subsequently 
refined as ADC (n = 12) or SCC (n = 30) by IHC 
staining, utilizing TTF1, P40, Napsin A, P63 and 
other classic immunomarkers. Clinicopatholo- 
gical and prognostic data of the patients in the 
training set were retrieved from the medical 
electronic database. The study was approved 
by the Ethics Committee of Harbin Medical 
University Cancer Hospital (KY2017-12). All 
patients provided written informed consent  
for the use of their tissue for research purpos-
es. Tumors were staged and classified on the 
basis of the 8th Edition of Lung Cancer Stage 
Classification [23].

Immunohistochemistry

Formalin-fixed, paraffin-embedded specimens 
were cut into 4 μm thick sections. The tissue 
slices were heated at 70°C overnight, then 
deparaffinized in xylene and rehydrated in an 
ethanol gradient. To block endogenous peroxi-
dase activity, the slides were treated with 3% 
hydrogen peroxide and pressure-cooked in an- 
tigen retrieval solution (0.01 mmol/L citrate 
buffer, pH 6.0) for 5 mins. The specimens were 
then incubated with rabbit monoclonal anti-
AGR2 (ab76473, Abcam, Cambridge, UK; dilu-
tion 1:400) and rabbit monoclonal anti-KRT5 
(ab52635, Abcam; dilution 1:400) antibodies 
overnight at 4°C. Subsequently, the sections 
were washed and probed with a secondary 
antibody (Zhongshan Golden Bridge Biotech- 
nology, Beijing, China) for 20 mins at 25°C. 
Specimens were then incubated for two mins 
after being treated with 3,3’-diaminobenzidine 
(Zhongshan Golden Bridge Biotechnology, Bei- 
jing, China), and counterstained with hematoxy-
lin solution for 30 secs. Human colon and squa-
mous cell lung carcinoma tissues were used as 
the positive controls for AGR2 and KRT5 IHC 
staining, and tissues without primary antibody 
treatment were utilized as negative controls.

Immunohistochemistry evaluation

Immunostaining was blindly evaluated by two 
pathologists utilized a semi-quantitative scor-
ing system. Discrepant results were reevaluat-
ed by the two pathologists. The consensus 

among the two pathologists scoring AGR2 and 
KRT5 expression with this semi-quantitative 
system was 96%. Five high-magnification visual 
fields were chosen randomly in each slice under 
an optical microscope (400×; Leica, Wetzlar, 
Germany) to observe positive staining results 
of resected NSCLC tissue. The intensity of the 
staining was graded thus: 0, negative; 1, mild 
positive; 2, moderate positive; or 3, strong posi-
tive, while the proportion of staining-positive 
cells was categorized as follows: 0, none; 1, 
1-25%; 2, 26-50%; 3, 51-75%, or 4, 76-100% 
cells stained. The combination of the intensity 
and percentage scores were obtained [24, 25], 
and the mean of the five chosen fields repre-
sented the final scores. The integer portion of 
the averages was taken for convenience. Total 
scores <3 were considered negative (-) while 
scores ≥3, were deemed positive (+). Only the 
cytoplasmic staining was assessed; membra-
nous staining was not considered positive. 
Detailed information on the expression of AGR2 
and KRT5 along with the final IHC scores for 
each sample in training and validation sets  
are displayed in the supplementary material 
(Supplementary Table 2).

Assessment criteria for subtype identification 
using the AGR2-KRT5 biomarker panel

The utility of AGR2-KRT5 for discriminating ADC 
from SCC was evaluated using two methods: 
comparing the total IHC score, and assessing 
the positive/negative expression of each bio-
marker. Using the former method, a sample 
was assigned as ADC if the IHC score for AGR2 
was higher than that for KRT5; otherwise, it was 
categorized as SCC. With the latter technique, 
only samples with AGR2+ and KRT5- expres-
sions were identified as ADC; conversely, SCC 
was diagnosed when expression patterns were 
AGR2+ and KRT5-.

Statistical analyses

Statistical analyses were conducted in SPSS 
24.0 (IBM SPSS, Armonk, NY, USA). Student’s 
t-test was utilized in analyzing the mRNA ex- 
pression of the subtype-specific markers in pu- 
blic gene expression datasets, while Pearson’s 
Chi-square test was applied for assessing the 
relationship between marker expression and 
clinicopathological features. Receiver operator 
characteristic (ROC) curves were constructed 
and the area under the curve (AUC) for each 
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ROC curve was computed in evaluating the 
diagnostic value of markers. Survival curves 
were plotted using univariate Cox regression 
analysis. The overall survival (OS) time of the 
patients in the training set was defined com-
mencing from the surgical operation to moment 
of death or, if the patient was still alive, the last 
follow-up (the final follow up date was on 20 
November 2018). Differences with P<0.05 
were considered statistically significant.

Results

mRNA expression of markers in ADC and SCC

In the GSE50081 dataset, which included 127 
ADC and 43 SCC samples, AGR2 mRNA expres-
sion was considerably higher in ADC than in 
SCC (Student’s t-test, P = 3.46E-05, Figure 2A). 
In contrast, patients with SCC had a significant-
ly higher mRNA expression of KRT5 than those 
with ADC (Student’s t-test, P = 6.14E-17, Figure 
2A). Similar results were recorded in the re- 
maining five gene expression datasets (Figure 
2B-F). These results revealed that the differen-
tial mRNA expression patterns of the two genes 
between ADC and SCC samples were extremely 
reproducible across various datasets, indicat-
ing the robustness of AGR2 and KRT5 for dif-
ferentiating SCC from ADC. Furthermore, the 
mRNA expressions of TTF1 and NAPSA exhibit-
ed trends similar to AGR2. The expressions of 
P40/P63 tended to be higher in SCC than in 
ADC, similar to KRT5. 

Protein expression of AGR2 and KRT5 in ADC 
and SCC

The expression of AGR2 was abundant in ADC 
samples, in which it was localized predomina- 
tely in the cytoplasm, and was negligible or 
weak in SCC samples. In contrast, KRT5 was 
more highly expressed in SCC than in ADC tis-
sues, and was localized in the endochylema. 
Representative IHC staining of AGR2 and KRT5 
with variable expression levels are showed  
in Figure 3. Resected specimens from four 
patients were selected as representative sam-
ples. The training set images were from patients 
1 and 2, while the validation set were selected 
from the remaining two patients. Patient 1 and 
3 were diagnosed with ADC by pathology, with 
AGR2+ expression as well as negative expres-
sion for KRT5 (AGR2+/KRT5-). Patient 2 and 4 
were diagnosed with SCC, and exhibited the 
reversed expression pattern (AGR2-/KRT5+).

Subtype discriminatory abilities of the bio-
markers and their combination 

In the training set, 94.4% and 1% of ADC and 
SCC samples were AGR2+, while 2% and 93% 
of ADC and SCC samples were KRT5+, respec-
tively. The ROC curves were analyzed for evalu-
ating both the sensitivity and specificity of 
AGR2 for ADC and KRT5 for SCC (Figure 4). 
Both markers had acceptable discriminatory 
capacity, with AUC ROC of 0.975 and 0.986 for 
AGR2 and KRT5, respectively. Notwithstanding, 
the optimal cutoff value for the IHC staining 
score determined by ROC curve analysis was 
2.5, which could not be applied in clinical pro-
cedure. Therefore, we selected the nearest 
integers above and below the cutoff value, and 
computed the associated sensitivity, specifici-
ty, and Youden index (data not shown). After 
comparison, 3 was selected as the optimal cut-
off value for dividing the protein expression of 
our two markers, with 94.4% sensitivity and 
97.0% specificity for AGR2, and 93.9% sensitiv-
ity and 98.9% specificity for KRT5. The results 
of this analysis are provided in Supplementary 
Table 3.

Subsequently, we assessed the ability of the 
AGR2-KRT5 combination to discern the two 
NSCLC subtypes. Specimens were initially diag-
nosed as either ADC or SCC through compari-
son of the IHC staining scores of the two mark-
ers. AGR2-KRT5 had high accuracy in ADC 
(97.8%), SCC (96.0%), as well as in the entire 
sample set (96.8%). Despite its accuracy, com-
parison of IHC staining scores is demanding, 
time consuming, and exhibits sub-standard 
reproducibility, thus impeding its clinical imple-
mentation. Therefore, we reclassified the tis-
sues based on positive or negative expression 
of AGR2 and KRT5. This method was equally 
effective, with accuracies of up to 93.3%, 
92.0%, and 92.6% in ADC, SCC, and in all sam-
ples, respectively. Based on its higher clinical 
feasibility, we applied biomarker expression to 
examine all subsequent outcomes. The abili-
ties of the two methods to distinguish histologi-
cal subtypes of lung carcinoma are compared 
in Table 1.

Validation of AGR2-KRT5 marker combination 
for the diagnosis of ADC and SCC

Table 2 presents the sensitivity and specificity 
of AGR2, KRT5, TTF1, and P40 for the diagnosis 
of ADC and SCC in the validation set. AGR2 was 
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Figure 2. Differential mRNA expression of subtype-specific marker genes in public gene expression datasets. A. GSE50081 dataset. B. GSE14814 dataset. C. 
GSE29016 dataset. D. GSE37745 dataset. E. GSE42127 dataset. F. GSE58661 dataset. 
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superior to TTF1, however, KRT5 sensitivity was 
marginally worse than P40. Subsequently, we 
re-identified the histopathologic diagnoses of 
the validation set tissues using AGR2-KRT5. 
Among the 42 cases observed, 12 were ADC, 
26 were SCC, and the remaining 4 cases could 
not be categorized. The accuracy of our marker 
combination was 100% in ADC, 86.7% in SCC, 
and 90.5% across all samples. The accuracy of 
TTF1-P40 combination was 91.6% in ADC, 90% 
in SCC, and 90.5% in all specimens. AGR2-
KRT5 was 8.4% more accurate in ADC, and 

negative AGR2 expression had poorer progno-
ses compared to those with positive AGR2 
expression (Supplementary Figure 1A). Further- 
more, KRT5 protein expression and OS were 
inversely related (Supplementary Figure 1B). 
Nevertheless, patient survival was unrelated to 
AGR2 and KRT5 expression. Moreover, the rela-
tionship between AGR2/KRT5 mRNA expres-
sion and patient prognosis in the GEO data- 
base was estimated. Five datasets that record 
patient survival information were selected for 
analyzing the relationship between expression 

Figure 3. IHC staining for AGR2 and KRT5 (×400). The training set comprised 
patients 1 and 2, and the validation set included patients 3 and 4. The his-
topathologic diagnosis for patients 1 and 3 was ADC. The expression pattern 
of the two IHC markers was AGR2+/KRT5-. Patient 2 and 4 were diagnosed 
with SCC, with the expression pattern of AGR2-/KRT5+.

3.3% less accurate in SCC 
specimens than TTF1-P40. 
The discriminatory abilities of 
AGR2-KRT5 and TTF1-P40 are 
contrasted in Supplementary 
Table 4.

Association between bio-
marker expression and clini-
copathological features

The correlation between AG- 
R2/KRT5 protein expression 
levels and the clinicopatho-
logical characteristics of the 
training set are presented in 
Table 3. The protein expres-
sions of both markers were 
associated with gender, smo- 
king history, tumor differen- 
tiation, histologic type, lymph 
node metastasis status, and 
pathological stage (P<0.05). 
We chose GSE50081 from 
GEO as the representative 
dataset and analyzed mRNA 
expressions of AGR2 and 
KRT5 and their associations 
with clinicopathological fea-
tures. These results are pre-
sented in Supplementary Ta- 
ble 5.

Association between bio-
marker expression and pa-
tient survival

We initially investigated the 
prognostic value of AGR2 and 
KRT5 among the patients in 
the training set, for which fol-
low-up data of 181 patients 
were available. Patients with 
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patterns and OS. Only KRT5 was associated 
with prognosis in GSE14814 and GSE42127. 
Unfortunately, these two trends were contradic-
tory. Supplementary Figure 2 illustrates these 
results.

Discussion

We applied the AGR2-KRT5 gene pair as a tran-
scriptional signature to distinguish SCC from 
ADC, and analyzed its predictive performance 
at the protein level. To our knowledge, this is 
the first study examining the role of AGR2-KRT5 
alone as the IHC marker combination for differ-
entiating ADC from SCC.

AGR2 is an adenocarcinoma antigen that is 
overexpressed extensively in multiple human 
cancers, such as breast [26], lung [27, 28], 
ovarian [29], and nasopharyngeal carcinoma 
[30] and prostate cancer [31]. AGR2 overex-
pression is associated with poor differentia-
tion, deep invasion, and lymph node metasta-
sis in various cancers [32, 33], which corrobo-
rates our findings. Moreover, AGR2 has been 
proposed as a potential IHC marker for ADC 
[21, 27]. The other gene in our transcriptional 
signature, KRT5, is primarily expressed in epi-
dermal basal keratinocytes. Its overexpression 
is a distinctive feature of SCC [34, 35]. KRT5, 
also known as cytokeratin 5 (CK5), was used 
either as a solitary marker or in combination 
with CK6 (CK5/6) as part of an SCC-specific IHC 
diagnostic panel for evaluating NSCLC [36, 37]. 
In addition, CK5 and CK5/6 demonstrated 
varying sensitivities and specificities in breast 

and that either could be the components of 
NSCLC subclassification immunomarker pan-
els, to the best of our knowledge the IHC mark-
er combination comprised of only AGR2 and 
KRT5 for determining NSCLC histological sub-
types is reported here for the first time.

In clinical practice, the combination of TTF1, 
Napsin A, CK5/6 and P40 (p63) comprises the 
most common panel used to diagnose ADC and 
SCC. Because most NSCLC patients present 
with advanced disease, a small biopsy speci-
men represents the sole sample available for 
subtype classification. To guarantee adequate 
samples for further molecular assessment, 
minimal tissue aliquots should be used for IHC 
staining, which implies the importance of 
reducing the number of immunomarkers. For 
small and limited specimens, the NCCN guide-
lines state that measuring TTF1 and P40 levels 
is adequate to refine the diagnosis of NSCLC as 
either ADC or SCC [14]. Nevertheless, these 
markers have certain limitations and shortcom-
ings. Previous reports have suggested that a 
portion of SCCs (3-21%) are TTF1-positive [39], 
which could have been reflected in our TTF1 
expression results. Moreover, small biopsies 
may bias results toward ADCs by raising the 
prevalence of TTF1 expression [16]. P40 posi-
tivity has been reported in ADC and other tumor 
types [40]. Consistent with our results, previ-
ous studies have shown that the sensitivity of 
P40 is less than its specificity [41, 42]. This has 
led to the combination of TTF1 and P40 with 
other IHC markers in clinical practice. Herein, 

Figure 4. ROC curve assessment of the value of AGR2 and KRT5 in distin-
guishing ADC and SCC (2.5 taken as the cutoff value). A. AGR2 (sensitivity 
94.4%, specificity 96.0%, AUC 0.975). B. KRT5 (sensitivity 93.9%, specificity 
98.9%, AUC 0.986). 

cancer tissue [38]; further 
studies are required to deter-
mine whether CK5 (KRT5) is 
superior to CK5/6 in differen-
tiating SCC from ADC. Con- 
gruent with the results of pre-
vious work, we discovered th- 
at AGR2 is preferentially ex- 
pressed in ADC, while KRT5 
has a higher tendency to be 
expressed in SCC, providing 
biological evidence for the uti- 
lity of the AGR2-KRT5 panel  
in distinguishing NSCLC sub-
types. Although several previ-
ous studies have confirmed 
that AGR2 and KRT5 are sen-
sitive and specific for ADC and 
SCC detection respectively, 
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Table 1. Distinguishing SCC from ADC using various methods

Histological type No. of cases
By scoresa By expressionb

Ac>Kd A<K A = K Ratee A+/K- A-/K+ Others Rate
ADC 89 87 0 2 97.8% 83 0 6 93.3%
SCC 99 1 95 3 96.0% 1 91 7 92.0%
Notes: adistinguished by comparing IHC scores, bdistinguished by comparing biomarker expression, cAGR2, dKRT5, eAccuracy 
after classification.

Table 2. Sensitivity, specificity, PPV, and NPV of IHC markers in the validation set
Markers Sensitivity (%) Specificity (%) PPV (%) NPV (%)
AGR2 100% (12/12) 93.4% (28/30) 85.7% (12/14) 100% (28/28)
TTF1 91.7% (11/12) 93.4% (28/30) 84.6% (11/13) 96.6% (28/29)
KRT5 93.4% (28/30) 100% (12/12) 100% (28/28) 85.7% (12/14)
P40 96.7% (29/30) 100% (12/12) 100% (29/29) 92.3% (12/13)
Notes: Sensitivity = TP/TP+FN; Specificity = TN/TN+FP; Positive predictive value (PPV) = TP/ TP+FP; Negative predictive value 
(NPV) = TN/TN+FN. FN indicates false negatives; FP, false positives; TN, true negatives; TP, true positives. 

Table 3. Associations between marker protein expression and clinicopathological parameters

Variable No. of 
cases

AGR2
P

KRT5
PNo. of pos. 

(%) 
No. of neg. 

(%)
No. of pos. 

(%)
No. of neg. 

(%)
Patient age
    <60 years 116 50 (43.1%) 66 (56.9%) 0.196 60 (51.7%) 56 (48.3%) 0.548
    ≥60 years 72 38 (52.8%) 34 (47.2%) 34 (47.2%) 38 (57.8%)
Gender
    Male 136 46 (33.8%) 90 (66.2%) <0.001 84 (61.8%) 52 (38.2%) <0.001
    Female 52 42 (80.8%) 10 (19.2%) 10 (19.2%) 42 (80.8%)
Smoking history
    Yes 125 40 (32.0%) 85 (68.0%) <0.001 78 (62.4%) 47 (38.6%) <0.001
    No 63 48 (76.2%) 15 (23.8%) 16 (25.4%) 47 (74.6%)
Family history
    Yes 38 16 (42.1%) 22 (57.9%) 0.515 20 (52.6%) 18 (47.4%) 0.716
    No 150 72 (48.0%) 78 (52.0%) 74 (49.3%) 76 (50.7%)
Differentiation
    Well-differentiated 47 40 (85.1%) 7 (14.9%) <0.001 6 (12.8%) 41 (87.2%) <0.001
    Moderately or poorly differentiated 141 48 (34.0%) 93 (66.0%) 88 (62.4%) 53 (37.6%)
Histology
    ADC 89 84 (94.4%) 5 (5.6%) <0.001 1 (1.1%) 88 (98.9%) <0.001
    SCC 99 4 (4.0%) 95 (96.0%) 93 (93.9%) 6 (6.1%)
pT-status
    pT1-2 165 78 (50.3%) 77 (49.7%) 0.036 73 (47.1%) 82 (52.9%) 0.084
    pT3-4 33 10 (30.3%) 23 (69.7%) 21 (63.6%) 12 (36.4%)
pN-status
    pN0-1 76 70 (92.1%) 6 (7.9%) <0.001 4 (5.3%) 72 (94.7%) <0.001
    pN2-3 112 18 (16.1%) 94 (83.9%) 90 (80.4%) 22 (19.6%)
TNM stage
    I-II 71 67 (94.4%) 4 (5.6%) <0.001 1 (1.4%) 70 (98.6%) <0.001
    III-IV 117 21 (17.9%) 96 (82.1%) 93 (79.5%) 24 (20.5%)
Notes: Differences with P<0.05 were considered statistically significant.
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AGR2-KRT5 and TTF1-P40 demonstrated com-
parable abilities to identify ADC and SCC in 
poorly differentiated tissues, with equivalent 
precision across the validation set samples. 
Furthermore, in the ADC samples, AGR2-KRT5 
had a higher accuracy (up to 100%) than 
TTF1-P40. 

However, AGR2-KRT5 performance in the vali-
dation set was less than that in the training set, 
and identified only 86.7% of the SCC tissues 
correctly. This may be due to several reasons. 
Firstly, the validation set specimens were ini-
tially classified as poorly differentiated NSCLC 
by H&E staining, and this histological feature 
confounds diagnosis. Secondly, the number of 
samples in the validation set was relatively 
small, which may have biased our statistical 
analyses. Besides the aforementioned rea-
sons, this inconsistency may also be related to 
the fact that diagnoses in the validation set 
were confirmed by using IHC staining in which 
essential components were TTF1 and P40. 
Therefore, the final diagnosis would depend to 
a large extent on TTF1 and P40 expression. We 
evaluated the diagnostic efficacy of TTF1 and 
P40 through a direct retrieval of IHC staining 
results from postoperative pathological reports 
and contrasted it with that of AGR2 and KRT5. 
Through this method, the diagnostic accuracies 
of TTF1 and P40 were significantly improved. 
Notwithstanding, AGR2-KRT5 was still 8.4% 
more accurate in ADC samples than TTF1-P40. 
This further highlights the advantages of utiliz-
ing AGR2-KRT5 to distinguish pathological sub-
types of poorly differentiated NSCLC, particu-
larly ADCs.

AGR2 and KRT5 protein expression was not sig-
nificantly associated with OS in patients with 
NSCLC. Nevertheless, AGR2 negativity was 
associated with unfavorable prognosis, while 
the inverse trend was observed for KRT5. 
These findings suggest that SCC patients have 
shorter OS than those with ADC, which has 
been previously demonstrated by us and other 
authors [19, 43], and indirectly prove the diag-
nostic accuracy of our markers. 

As a result of technical constraints, the small 
biopsy tissues were unavailable for this study, 
thereby diminishing the investigation quality. To 
address this constraint, poorly differentiated 
NSCLC tissues were chosen as the validation 
set components to verify the discriminatory 

capabilities of AGR2-KRT5. We endeavor to 
conduct a follow-up study by establishing a 
biopsy specimen repository to demonstrate  
the differential diagnostic utility of AGR2-KRT5, 
as well as to clarify its clinical value. Large-
scale prospective clinical trials are also war-
ranted to further validate the use of this marker 
combination.

In conclusion, the AGR2-KRT5 immunomarker 
combination has the capacity to distinguish 
ADC and SCC. In poorly differentiated tumor 
specimens, the diagnostic accuracy of this 
combination compared well with that of the 
conventional TTF1-P40 signature that is widely 
recognized as accurate. Furthermore, AGR2-
KRT5 showed better diagnostic performance  
in ADC compared to TTF1-P40. Nevertheless, 
an inevitable limitation of IHC is that it is impos-
sible to standardized immunostaining result 
interpretation. Subsequent studies are required 
to develop more accurate methodologies for 
NSCLC subtype classification. Nonetheless, our 
results provided new directions to reduce the 
number of IHC markers, and exhibited higher 
accuracy than TTF1-P40 at equivalent marker 
densities in ADC. With subsequent prospec- 
tive research, AGR2-KRT5 has the potential of 
becoming a new clinical option for distinguish-
ing lung ADC and SCC.
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Supplementary Table 1. Information about datasets applied in this 
study
Data Source Type Platform pSCC pADC
GSE50081 frozen Affy. Plus 2.0 43 127
GSE37745 frozen Affy. Plus 2.0 24 40
GSE14814 frozen Affy. U133A 26 32
GSE29016 frozen Illu. HT 13 37
GSE42127 frozen Illu. WG 33 94
Total frozen 139 330
GSE58661 biopsy Merck RSTA 36 42
Notes: frozen, frozen tissues; biopsy, small biopsy specimens; pADC, pathologically-
determined ADC; pSCC, pathologically-determined SCC; Affy. Plus 2.0, Affymetrix Plus 
2.0; Affy. U133A, Affymetrix U133A; Illu. WG, Illumina Human WG; Illu. HT, Illumina 
Human HT.

Supplementary Table 2. The protein expression of AGR2 and KRT5 
evaluated by IHC for samples in training and validation sets

No. Sample set Pathological 
lable

AGR2 KRT5
expression 

results
IHC 

scores
expression 

results
IHC 

scores
1 Training set ADC + 4 - 1
2 Training set ADC + 7 - 0
3 Training set ADC + 4 - 0
4 Training set ADC + 4 - 0
5 Training set ADC + 7 - 2
6 Training set ADC + 4 - 0
7 Training set ADC - 1 - 0
8 Training set ADC + 3 - 1
9 Training set ADC + 3 - 0
10 Training set ADC + 4 - 0
11 Training set ADC + 3 - 0
12 Training set ADC + 4 - 0
13 Training set ADC + 4 - 1
14 Training set ADC + 5 - 0
15 Training set ADC + 3 - 0
16 Training set ADC + 6 - 2
17 Training set ADC + 4 - 0
18 Training set ADC + 4 - 0
19 Training set ADC + 5 - 0
20 Training set ADC + 4 - 1
21 Training set ADC + 4 - 0
22 Training set ADC + 4 - 0
23 Training set ADC - 0 - 0
24 Training set ADC + 5 - 2
25 Training set ADC + 4 - 0
26 Training set ADC + 6 - 0
27 Training set ADC + 4 - 0
28 Training set ADC + 4 - 0
29 Training set ADC + 6 - 0
30 Training set ADC + 5 - 0



AGR2-KRT5 distinguishes lung cancer pathological subtypes

2	

31 Training set ADC + 6 - 0
32 Training set ADC + 6 - 0
33 Training set ADC + 4 - 0
34 Training set ADC + 7 - 0
35 Training set ADC + 7 - 2
36 Training set ADC + 7 - 2
37 Training set ADC + 7 - 0
38 Training set ADC - 1 - 0
39 Training set ADC + 6 - 0
40 Training set ADC - 0 - 0
41 Training set ADC + 7 - 0
42 Training set ADC + 7 - 0
43 Training set ADC + 6 - 0
44 Training set ADC + 4 - 0
45 Training set ADC + 6 - 2
46 Training set ADC + 4 - 0
47 Training set ADC + 5 - 0
48 Training set ADC + 7 - 1
49 Training set ADC + 6 - 1
50 Training set ADC + 7 - 0
51 Training set ADC + 4 - 0
52 Training set ADC + 4 - 0
53 Training set ADC + 4 - 1
54 Training set ADC + 5 - 0
55 Training set ADC + 6 - 0
56 Training set ADC + 4 - 0
57 Training set ADC + 6 - 1
58 Training set ADC + 4 - 0
59 Training set ADC + 4 - 0
60 Training set ADC + 7 + 4
61 Training set ADC + 7 - 0
62 Training set ADC + 7 - 0
63 Training set ADC + 6 - 2
64 Training set ADC + 7 - 1
65 Training set ADC + 4 - 0
66 Training set ADC + 4 - 2
67 Training set ADC + 4 - 2
68 Training set ADC + 4 - 0
69 Training set ADC + 6 - 0
70 Training set ADC + 4 - 1
71 Training set ADC + 4 - 0
72 Training set ADC + 3 - 0
73 Training set ADC + 4 - 0
74 Training set ADC + 6 - 0
75 Training set ADC + 5 - 0
76 Training set ADC + 4 - 0
77 Training set ADC - 2 - 0
78 Training set ADC + 4 - 0
79 Training set ADC + 5 - 0
80 Training set ADC + 4 - 0
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81 Training set ADC + 3 - 0
82 Training set ADC + 6 - 1
83 Training set ADC + 7 - 0
84 Training set ADC + 6 - 0
85 Training set ADC + 3 - 1
86 Training set ADC + 7 - 0
87 Training set ADC + 4 - 0
88 Training set ADC + 5 - 1
89 Training set ADC + 4 - 0
90 Training set SCC - 0 + 7
91 Training set SCC - 0 + 5
92 Training set SCC - 1 + 5
93 Training set SCC - 0 + 7
94 Training set SCC - 0 + 7
95 Training set SCC - 0 + 6
96 Training set SCC - 1 + 4
97 Training set SCC - 0 + 7
98 Training set SCC - 1 - 1
99 Training set SCC - 0 - 1
100 Training set SCC - 0 - 0
101 Training set SCC - 0 + 7
102 Training set SCC - 0 + 7
103 Training set SCC - 1 + 7
104 Training set SCC - 0 + 6
105 Training set SCC - 0 + 7
106 Training set SCC - 0 + 7
107 Training set SCC - 0 + 3
108 Training set SCC - 0 + 5
109 Training set SCC - 0 + 6
110 Training set SCC + 3 - 2
111 Training set SCC - 0 + 6
112 Training set SCC - 0 + 6
113 Training set SCC - 0 + 6
114 Training set SCC - 0 + 7
115 Training set SCC - 1 + 7
116 Training set SCC - 0 + 3
117 Training set SCC - 1 + 6
118 Training set SCC - 0 + 7
119 Training set SCC - 0 + 7
120 Training set SCC - 1 - 2
121 Training set SCC - 0 + 6
122 Training set SCC - 0 + 5
123 Training set SCC - 0 + 5
124 Training set SCC - 1 + 5
125 Training set SCC - 0 + 6
126 Training set SCC - 2 + 5
127 Training set SCC - 0 + 6
128 Training set SCC - 0 + 5
129 Training set SCC - 0 + 3
130 Training set SCC - 0 + 3
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131 Training set SCC - 2 + 7
132 Training set SCC - 2 + 5
133 Training set SCC - 0 + 6
134 Training set SCC - 0 + 5
135 Training set SCC - 0 + 7
136 Training set SCC - 1 + 7
137 Training set SCC - 0 + 6
138 Training set SCC - 0 + 7
139 Training set SCC - 1 + 7
140 Training set SCC - 0 + 6
141 Training set SCC - 2 + 5
142 Training set SCC - 0 + 6
143 Training set SCC - 0 + 3
144 Training set SCC - 0 + 6
145 Training set SCC - 0 + 6
146 Training set SCC - 0 + 3
147 Training set SCC - 0 + 4
148 Training set SCC - 2 + 7
149 Training set SCC - 0 + 7
150 Training set SCC - 2 + 6
151 Training set SCC - 0 + 6
152 Training set SCC - 0 + 3
153 Training set SCC - 0 - 2
154 Training set SCC - 0 + 7
155 Training set SCC - 0 + 6
156 Training set SCC - 0 + 7
157 Training set SCC - 1 + 7
158 Training set SCC - 0 + 5
159 Training set SCC - 1 + 5
160 Training set SCC - 0 + 4
161 Training set SCC - 0 + 3
162 Training set SCC - 0 + 3
163 Training set SCC - 0 + 7
164 Training set SCC - 0 + 6
165 Training set SCC - 0 + 6
166 Training set SCC - 0 + 7
167 Training set SCC + 3 + 7
168 Training set SCC - 0 + 3
169 Training set SCC - 0 + 4
170 Training set SCC - 0 + 4
171 Training set SCC - 0 + 6
172 Training set SCC - 0 + 7
173 Training set SCC - 0 + 5
174 Training set SCC - 0 + 5
175 Training set SCC - 0 + 3
176 Training set SCC - 2 + 5
177 Training set SCC - 0 + 4
178 Training set SCC - 0 + 7
179 Training set SCC - 0 + 4
180 Training set SCC + 4 + 4
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181 Training set SCC - 0 + 3
182 Training set SCC - 0 + 5
183 Training set SCC - 0 + 6
184 Training set SCC - 2 + 7
185 Training set SCC - 0 + 6
186 Training set SCC - 0 + 4
187 Training set SCC - 1 + 4
188 Training set SCC - 1 + 7
189 Validation set ADC + 4 - 0
190 Validation set SCC - 0 + 4
191 Validation set SCC - 0 + 6
192 Validation set ADC + 3 - 0
193 Validation set ADC + 5 - 0
194 Validation set SCC - 1 + 7
195 Validation set ADC + 3 - 0
196 Validation set SCC - 0 + 4
197 Validation set SCC - 0 + 3
198 Validation set SCC - 0 - 1
199 Validation set ADC + 5 - 0
200 Validation set SCC - 1 + 4
201 Validation set SCC + 3 + 4
202 Validation set ADC + 6 - 0
203 Validation set SCC - 0 + 4
204 Validation set ADC + 4 - 0
205 Validation set SCC - 2 + 7
206 Validation set SCC - 2 + 6
207 Validation set SCC - 2 + 4
208 Validation set SCC - 0 + 3
209 Validation set ADC + 5 - 0
210 Validation set SCC - 0 + 5
211 Validation set ADC + 7 - 0
212 Validation set SCC - 0 + 5
213 Validation set SCC - 2 + 3
214 Validation set ADC + 6 - 0
215 Validation set SCC - 0 + 3
216 Validation set SCC - 0 + 4
217 Validation set SCC - 1 + 6
218 Validation set SCC - 2 + 4
219 Validation set SCC - 0 - 2
220 Validation set SCC - 1 + 4
221 Validation set SCC - 0 + 4
222 Validation set ADC + 5 - 0
223 Validation set SCC - 2 + 4
224 Validation set SCC - 2 + 3
225 Validation set SCC - 1 + 3
226 Validation set ADC + 5 - 0
227 Validation set SCC - 0 + 3
228 Validation set SCC - 2 + 6
229 Validation set SCC + 3 + 4
230 Validation set SCC - 0 + 4
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Supplementary Table 3. Sensitivity, specificity, PPV and NPV of IHC markers in the training set (%)
Markers Sensitivity Specificity PPV NPV
AGR2 94.4% (84/89) 97.0% (96/99) 97.7% (84/87) 95.1% (96/101)
KRT5 93.9% (93/99) 98.9% (88/89) 98.9% (93/94) 93.6% (88/94)
Notes: In this table, we took IHC staining score 3 as the cutoff value. Sensitivity = TP/TP+FN; Specificity = TN/TN+FP; Positive 
predictive value (PPV) = TP/TP+FP; Negative predictive value (NPV) = TN/TN+FN. FN indicates false negatives; FP, false posi-
tives; TN, true negatives; TP, true positives.

Supplementary Table 4. The comparison of two IHC marker combinations in the validation set

AGR2-KRT5
TTF1-P40

Total
no. of correct diagnosis no. of false diagnosis

no. of correct diagnosis 37 1 38
no. of false diagnosis 1 3 4
Total 38 4 42

Supplementary Table 5. Associations between marker mRNA expression and clinicopathological 
parameters in GSE50081

Variable No. of 
cases

AGR2
P

KRT5
P

No. of pos. (%) No. of neg. (%) No. of pos. (%) No. of neg. (%)
Patient age
    <60 years 25 8 (32.00%) 17 (68.00%) 0.082 10 (40.00%) 15 (60.00%) 0.387
    ≥60 years 145 77 (53.10%) 68 (46.90%) 75 (51.72%) 70 (48.28%)
Gender
    Male 90 51 (56.67%) 39 (43.33%) 0.091 44 (48.89%) 46 (51.11%) 0.878
    Female 80 34 (42.50%) 46 (57.50%) 41 (51.25%) 39 (48.75%)
Smoking history
    Yes 126 64 (50.79%) 62 (49.21%) 0.967 65 (51.59%) 61 (48.41%) 0.791
    No 24 11 (45.83%) 13 (54.17%) 11 (45.83%) 13 (54.17%)
    Unable to determine 20 10 (50.00%) 10 (50.00%) 9 (45.00%) 11 (55.00%)
Histology
    ADC 127 74 (58.27%) 53 (41.73%) <0.001 46 (36.22%) 81 (63.78%) <0.001
    SCC 43 11 (25.58%) 32 (74.42%) 39 (90.70%) 9.30%
pT-status
    pT1-2 168 85 (50.60%) 83 (49.40%) 0.497 85 (50.60%) 83 (49.40%) 0.497
    pT3-4 2 0 2 (100%) 0 2 (100%)
pN-status
    pN0-1 170 85 (50.00%) 85 (50.00%) 1 85 (50.00%) 85 (50.00%) 1
    pN2-3 0 0 0 0 0
TNM stage
    I-II 170 85 (50.00%) 85 (50.00%) 1 85 (50.00%) 85 (50.00%) 1
    III-IV 0 0 0 0 0
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Supplementary Figure 1. Survival curves of training set based on AGR2 and KRT5 protein expression. Survival 
curves of positive and negative expressions for AGR2 (A) and KRT5 (B).
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Supplementary Figure 2. Survival curves of patients with expression of AGR2 and KRT5 in GEO datasets. Survival 
curves of overall survival (OS) accordingly for the high and low AGR2 expression groups in GSE50081 (A), GSE14814 
(C), GSE29016 (E), GSE37745 (G) and GSE42127 (I). Survival curves of OS respectively for the diverse expression 
groups of KRT5 in GSE50081 (B), GSE14814 (D), GSE29016 (F), GSE37745 (H) and GSE42127 (J). The high and 
low expression groups of marker genes were categorized according to the median of the gene expression.


