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ABSTRACT

Objective: Studies on the clinical significance and frequency of adenine-thymine-rich interactive domaincontaining protein 1A (ARID1A) mutation
or protein expression and the phosphatase and tensin homolog deleted on chromosome 10 (PTEN) protein expression in colorectal cancer (CRC) are
conflicting. In this study, we investigated the relationships between ARID1A and PTEN expression, programmed death ligand 1 (PD-L1) expression,
mismatch repair (MMR) status, and prognosis in patients with metastatic CRC.

Material and Methods: Archival CRC formalin-fixed paraffin-embedded tissues were evaluated. The protein expression levels of ARID1A, PTEN and PD-
L1 were investigated using immunohistochemistry (IHC). The MMR proteins were determined by the IHC analysis. The associations between clinical and
pathological parameters and survival were investigated.

Results: The median duration of follow-up was 43.4 months [95% confidence interval (Cl), 39.7-47.15)]. The median overall survival (OS) was 33 months
(95% Cl, 25.8-40.2), and the median progression-free survival was 17.25 months (95% Cl, 11-23.4). The microsatellite stable status, human epidermal
growth factor receptor type 2 positivity, and strong ARID1A expression were found to be significantly associated with poor survival, but no significant
relationship was found between PD-L1 or PTEN expression and survival.

Conclusion: Comprehensive studies on the molecular basis of the role and significance of ARID1A mutations and expression in mCRC may provide
valuable information. The limited number of patients included in this study and the variations in the evaluation and interpretation of the studied
biomarker parameters are factors that may hinder the precision of the results obtained.

Keywords: AT-rich interactive domain 1A; phosphatase and tensin homolog deleted on chromosome 10; metastatic colorectal cancer; mismatch repair;
prognosis
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protein TA (ARID1A) is a type of chromatin remodeling controversia

gene; it was 1% identified as a tumor suppressor gene in Phosphatase and tensin homolog deleted on chromosome 10
gynecological cancers.'2Inthe modern genomic era, recurrent (PTEN)is atumor suppressor protein with phosphatase activity
inactivating ARID1A mutations in various types of cancer, and acts as a negative regulator of the phosphoinositol-3-
including colorectal cancer (CRC), have been demonstrated kinase (PI3K)/AKT signaling pathway.’ Loss of expression of
using various sequencing methods.>* Studies on the clinical the PTEN protein may contribute to various processes related
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to tumorigenesis, cell metabolism, proliferation, and survival.
In CRC, the expression of the PTEN protein may be associated
with survival and response to treatment in patients receiving
cetuximab therapy.’®"" The mitogen-activated protein
kinase (MAPK) and PI3K pathways are signaling pathways
downstream of the epidermal growth factor receptor
(EGFR) and have been demonstrated to be dysregulated
in the majority of CRCs.'? However, the clinical significance
of the loss of PTEN expression in CRC remains incompletely
established. The lack of an optimal method to assess the loss
of PTEN expression, the lack of a standardized method for
evaluation by immunohistochemistry (IHC), and the fact that
PTEN mutations may not lead to loss of protein expression
despite being easily detected may be considered reasons for
this uncertainty.

Patients with deficient mismatch repair/microsatellite
instability-high (dAMMR/MSI-H) CRC have a good prognosis
compared to their counterparts with proficient mismatch
repair/microsatellite stable (pPMMR/MSS) tumors.” Immune
checkpoint inhibitors (ICPIs) provide a significantly stronger
and longer-term survival benefit in advanced stages
compared to chemotherapy. Therefore, ICPIs have taken their
place in the primary care arsenal of advanced MSI-H CRC.™

Programmed death ligand 1 (PD-L1) is an immune checkpoint
molecule; although PD-L1 can predict the response of
many solid tumors (lung, breast, head, and neck cancer) to
immunotherapy, its optimal predictive role for treating CRC
has not been demonstrated. Data regarding the prognostic
role of PD-L1 expression in the context of CRC are also
conflicting.’'® However, many studies have reported that PD-
L1 expression is an important prognostic factor.'

Information on the relationships of the abovementioned
genes, proteins, and molecules that play a role in CRC
pathogenesis with each other and with clinical factors is
limited and controversial. Considering that CRC is the 3™
most common cancer type worldwide and is a significant
public health problem, studies on the etiopathogenesis of
this disease and possible treatment targets are valuable. In
this study, we investigated the relationships between the
expression status of ARID1A and PTEN, PD-L1 expression,
MMR status, and prognosis in patients with metastatic CRC.

MATERIAL AND METHODS

This study was conducted as part of the Ankara Yildirim Beyazit
University Scientific Research Project (BAP). The Ankara Bilkent
City Hospital Ethics Committee approved the study protocol
(date: September9,2021; no: E2-21-670). The ethics committee
waived the requirement for informed consent because of
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its retrospective and non-invasive nature and evaluation of
archival tissues. The study was conducted following ethical
standards and the Declaration of Helsinki.

This retrospective, cross-sectional study included 81 archived
formalin-fixed, paraffin-embedded primary or metastatic CRC
tissues from patients whose clinical information was already
known to indicate stage 4 disease according to the American
Joint Committee on Cancer TNM staging system between
June 2012 and May 2023. Two pathologists who were
blinded to the clinical information of the patients performed
immunostaining and scored the tissue sections. The protein
expression levels of ARID1A were investigated using IHC with
a rabbit monoclonal antibody (BAF250A/D2A8U). PTEN IHC
was performed on tissue blocks with a rabbit monoclonal
antibody (D4.3) (Figure 1). PD-L1 expression was detected
by conducting the 22C3-IHC assay and reported as the TPS
and combined positive score (CPS). The MMR status was
determined by IHC with the expression of PMS2, MLH1, MSH2,
and MSH6.

The associations between clinical and pathological
parameters and survival were investigated. Progression-
free survival (PFS) was defined as the time from 1%-line
systemic treatment initiation to disease progression or
death, whichever occurred earlier. Overall survival (OS) was
defined as the time interval between the date of diagnosis
of a metastatic disease and the date of death from any cause.

Statistical Analysis

Kaplan-Meier analysis was conducted to calculate mPFS
and mOS and to perform univariate analysis in IBM SPSS
Statistics for Windows, Version 26.0. Armonk, NY: IBM Corp;
United States of America. The chi-square test was performed
to evaluate differences in categorical variables between the
groups. Multivariate analysis was performed with the Cox
regression model. All results were considered to be statistically
significant at p<0.05.

RESULTS

In total, 81 patients had metastatic disease. Among them,
59 had de novo metastatic disease, and 22 patients had
progressed to the metastatic stage. The median age of
the patients was 63 years (range 39-84). A loss of ARIDTA
expression was recorded in 43 patients (57.3%), and a loss
of PTEN expression was recorded in 23 patients (28.4%). The
tissues of 6 patients were dMMR (8.1%), and the tissues of
11 patients (14.9%) were PD-L1 positive (TPS or CPS >1). The
baseline patient and pathological characteristics are listed in
Table 1.
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FIGURE 1: Immunohistochemical staining of ARID1A and PTEN.

A. Immunohistochemical staining of AT-rich interactive domain 1A (x100); weak nuclear staining and focal loss of expression, B.
Immunohistochemicalstaining of AT-rich interactive domain 1A (x100); strong nuclear staining (3 positive score), C.Immunohistochemical staining
of phosphatase and tensin homolog deleted on chromosome 10 (x100); diffuse and strong nuclear PTEN staining, D. Immunohistochemical
staining of phosphatase and tensin homolog deleted on chromosome 10 (x100); focal and weak PTEN staining.

ARID1A: Adenine-thymine (AT)-rich interactive domain-containing protein 1A; PTEN: Phosphatase and tensin homolog deleted on chromosome 10

TABLE 1: Clinicopathological characteristics of the patients. TABLE 1: Continued

Clinicopathological characteristics n=81 (%) Clinicopathological characteristics n=381 (%)

Age, years (median, range) 63 (39-84) MMR status

Gender Proficient 68 (91.9%)

Female 30 (37%) Deficient 6(8.1%)

Male 51 (63%) Ras mutant subgroup 27 (33.3%)

Histological type BRAF mutant subgroup 3(3.7%)

Adenocarcinoma 70 (86%) HER2 positive subgroup 10 (12.3%)

Signet cell 2 (2.7%) Biological treatment of metastatic disease

Mucinous 7 (8.6%) Anti-VEGF 26 (32.1%)

Other 2(2.7%) Anti-EGFR 27 (33.3%)

Tumor differentiation Unknown 28 (34.6%)

Well differentiated 15 (19.5%) ARID1A IHC status

Moderately differentiated 54 (70.1%) Loss present (0-1 positive) 43 (57.3%)

Poorly differentiated 8(10.4%) 2 positive 23 (30.7%)

LvI 3 positive 9(1.2%)

No 22 (27.2%) PTEN IHC status

Yes 59 (72.8%) Negative 23 (28.4%)

PNI Positive 52 (64.2%)

No 40 (51.3%) PD-L1 IHC status

Yes 38 (48.7%) Negative 63 (85.14%)

Tumor location >%1 (TPS or CPS) 11 (14.86%)

Right colon 16 (19.7%) LVI: Lymphovascular invasion; PNI: Perineural invasion; MMR: Mismatch

ICE I B e o ey S A

Rectum 21 (26%) domain-containing protein 1A; IHC: Immunohistochemistry; PTEN:
N Phosphatase and tensin homolog deleted on chromosome 10; PD-L1:

Metastasis status Programmed death ligand 1; TPS: Tumor proportion score; CPS: Combined

De novo 59 (72.8%) positive score; HER2: Human epidermal growth factor receptor 2.

Progressed during follow-up 22 (27.2%)




The median duration of follow-up was 43.4 months
[confidence interval (Cl) (95%, 39.7-47.15)]. The median OS
was 33 months (95% Cl, 25.8-40.2) (Figure 2), and the median
PFS was 17.25 months (95% Cl, 11-23.4) (Figure 3). Among the
patients who received biologics (65.4%), half received anti-
vascular endothelial growth factor receptor (VEGF) therapy,
and the remaining half received anti-epidermal growth factor
receptor (EGFR) therapy. Although the survival outcomes
with anti- EGFR treatment were better, the difference was not
statistically significant (Figures 4A and 4B).

No difference in mOS was found according to the PTEN
expression status in patients treated with anti-EGFR. The mOS
for patients with loss of expression was 32.5 months and for
those with PTEN positivity, the mOS was 33 months (p=0.76).
However, patients with PTEN-positive tumors had a shorter
mPFS than patients with loss of expression; however, this
difference was not statistically significant (for patients who
were lost to follow-up, the mPFS was 32.2 months; for those
who were PTENpositive, the mPFS was 15.1 months; p=0.61).
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FIGURE 2: Median overall survival.
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FIGURE 3: Median progression-free survival.
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This effect was not found with anti-VEGF treatment (p=0.23)
(Figures 5A and 5B).

When ARID1A was evaluated, while no difference was found
between patients with loss of expression and patients with
ARIDTA positivity (2 positive scores by IHC), patients with
strong expression (3 positive scores by IHC) had significantly
shorter mOS (32 months, 34.7 months and 10.4 months,
respectively; p=0.02) (Figure 6). Among the nine ARID1A
strongly positive patients, all were PD-L1 negative, 8 were MSI
stable (MSS), and 7 had metastatic disease at diagnosis. No
significant relationship was found between PD-L1 status and
OS (p=0.29).

The results of the multivariate analysis showed that while MSS
status (p=0.014), human epidermal growth factor receptor
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FIGURE 4: mPFS according to the biological agent (p=0.11). 18.17
(95% Cl: 0.1-36.5) months for anti-EGFR and 13.8 (95% Cl: 7.3-20.32)
for anti-VEGF B: mOS accordeng to the biological agend (p=0.43).
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VEGFR: Vascular endothelial growth factor receptor; EGFR: Epidermal
growth factor receptor; Cl: Confidence interval; mOS: Median overall
survival
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FIGURE 5A: mPFS according to PTEN expression status (anti-EGFR
received), B: mPFS according to PTEN expression status (anti-VEGF
received).

VEGFR: Vascular endothelial growth factor receptor; EGFR: Epidermal
growth factor receptor; PTEN: Phosphatase and tensin homolog deleted
on chromosome 10; mPFS: Median progression-free survival

type 2 (HER2) positivity (p<0.001), and ARID1A 3 positivity
(p=0.03) were significantly associated with poor prognosis

and inferior mQOS, no significant relationship was found

between the expression of PD-L1 or PTEN and survival

(Table 2).

When the relationships between clinicopathological factors

and ARID1A were assessed by conducting the chi-square test,

only the relationship

with sex was found to be statistically

significant (Table 3). ARID1A negativity orloss was significantly

more likely to occur in females than in males [odds ratio for
females/males 3.74 (95% Cl, 1.33-10.47), p=0.019].
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TABLE 2: Univariate and multivariate analysis of parameters associated with survival.

. . o Univariate analysis | Multivariate analysis
Clinicopathological characteristics n=81 (%) p
p-value HR (95% Cl)
Age, years (median, range)
<55 years
63 (39-84)
>55 years 0.40
Gender
Female 30 (37%)
0.135
Male 51 (63%)
Histological type
Adenocarcinoma 70 (86%)
Signet cell 2 (2.7%)
0.64
Mucinous 7 (8.6%)
Other 2 (2.7%)
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TABLE 2: Continued

. . o Univariate analysis | Multivariate analysis
Clinicopathological characteristics n=81 (%) p
p-value HR (95% Cl)
Tumor differentiation
Well differentiated 15 (19.5%)
Moderately differentiated 54 (70.1%) 0.83
Poorly differentiated 8(10.4%)
Tumor location
Right colon 16 (19.7%)
Left colon 44 (54.3%) 0.40
Rectum 21 (26%)
Metastasis status
De novo 59 (72.8%)
0.29
Progressed during follow-up 22 (27.2%)
MMR Status
Proficient 68 (91.9%)
0.20 7.36 (1.48-36.43) 0.014
Deficient 6 (8.1%)
Ras mutant 27 (33.3%) 0.82
BRAF mutant 3(3.7%) 0.42 8.58 (3.32-22.20) <0.001
HER2 positive 10 (12.3%) <0.001
Biological treatment of metastatic disease (known)
Anti-VEGF 26 (32%)
0.43
Anti-EGFR 27 (33.3%)
ARID1A status
Loss present (0-1 positive) 43 (57.3%)
2 positive 23 (30.7%) 0.020 2.67 (1.1-6.5) 0.03
3 positive 9(1.2%)
PTEN status
Negative 23 (28.4%)
0.92
Positive 52 (64.2%)
PD-L1 negative 63 (85.14%) 0.29
PD-L1> %1 11 (14.86%) '
MMR: Mismatch repair; VEGFR: Vascular endothelial growth factor receptor; EGFR: Epidermal growth factor receptor; ARID1A: Adenine-thymine (AT)-rich
interactive domain-containing protein 1A; PTEN: Phosphatase and tensin homolog deleted on chromosome 10; PD-L1: Programmed death ligand 1; HR: Hazard
ratio; Cl: Confidence interval.

ARID1A negative/loss (IHC

ARID1A positive (IHC

TABLE 3: The clinicopathological relevance of ARID1A.

ARID1A strong positive

Clinicopathological characteristics 0-1 score) 2 positive score) (IHC 3 positive score) p-value
Age, years

<55 years 9 (21.4%) 6 (26%) 1(11%) 0.65
>55 years 33 (78.6%) 17 (74%) 8 (89%)

Gender

Female 22 (51%) 5(22%) 2 (22 %) 0.036
Male 21 (49%) 18 (78%) 7 (78%)

Gender ARID1A negative ARID1A positive
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TABLE 3: Continued

Clinicopathological characteristics ARID1A negative/loss (IHC ARID1.I-.\ positive (IHC | ARID1A strqng positive p-value
0-1 score) 2 positive score) (IHC 3 positive score)

Female 22 (51%) 7 (22%)

Male 21 (49%) 25 (78%) 0019

Histological type

Adenocarcinoma 40 (93%) 17 (74%) 7 (78%)

Signet cell 1(0.23%) 1 (4%) 0 0.19

Mucinous 2(0.47%) 3(13%) 2 (22%)

Other 0 2 (9%) 0

Tumor differentiation

Well differentiated 9 (22%) 2(9.5%) 2 (22%)

Moderately differentiated 29 (71%) 14 (66.5%) 7 (78%) 0.21

Poorly differentiated 3 (7%) 5 (24%) 0

Tumor location

Right colon 5 (%) 8 (%) 3 (%)

Left colon 27 (%) 12 (%) 2 (%) 0.050

Rectum 11 (%) 3 (%) 4 (%)

MMR status

Proficient 38(97.5%) 16 (80%) 8 (89%) 0.080

Deficient 1(2.5%) 4 (20%) 1(11%)

PTEN status

Negative 17 (%) 3(13%) 3(33%) 0.080

Positive 26 (%) 20 (87%) 6 (67%)

PD-L1 status

Negative 38 (88%) 17 (74%) 9 012

>%]1 5(12%) 6 (26%) 0

MMR: Mismatch repair; ARID1A: Adenine-thymine (AT)-rich interactive domain-containing protein 1A; PTEN: Phosphatase and tensin homolog deleted on

chromosome 10; PD-L1: Programmed death ligand 1.

DISCUSSION

CRC s the third most common cancer and the second leading
cause of cancer-related death globally.”” Therefore, identifying
the factors related to disease prognosis, pathogenesis, and
treatment pathways is an ongoing process. In this study, we
revealed the clinical implications of primarily ARID1A and
PTEN in CRC tissue and suggested that shorter survival is
associated with ARID1A-3 positivity, MSS status, and HER2
positivity.

The ARID1A protein (BAF250a) is a member of the switching
defective/sucrose non-fermenting (SWI/SNF) complex that
remodels nucleosomes and modulates transcription.'®'® SWI/
SNF chromatin remodeling complexes serve as epigenetic
regulators and can alter cell function as a result of molecular
changes.?? Subunits of these complexes have various
mutations in different types of carcinomas.>?* In a mouse
model, researchers reported findings that matched the role of

ARIDTA as a tumor suppressor and a novel pathway involved
in colon tumorigenesis. A lack of adenomatous polyposis
coli (APC)/B-catenin deregulation was reported in this study.
Therefore, the loss of ARID1A is considered to cause invasive
colon cancer through a mechanism independent of the
inactivation of APC.>* Here, we presented data obtained from
the tissues of 81 patients with CRC in the metastatic stage
with known clinical information.

In this study, ARIDTA IHC scores of 0-1 and 2 positivity did
not translate to any clinical difference, whereas 3 positivity
was closely associated with poor OS. Similar to this study,
another study, which included 209 patients, of which 71
had stage 4 disease, reported the association of ARID1A
positivity with poor prognosis. In stage 4 CRC patients, a
significant association between unfavorable survival and
ARIDTA expression rather than loss of ARIDTA expression
was reported [hazard ratios (HR)=2.49]. Similar findings were
obtained in both studies. However, both studies presented




data on a limited number of patients. Therefore, the statistical
data may not be robust, and further studies with larger
samples are required.

The data in published studies regarding the relationships
between ARID1A status (loss, mutation) and prognosis
and clinicopathological factors in the presence of early
and metastatic disease in CRC are not consistent. Drawing
a definitive conclusion is difficult as most studies have
limited sample sizes and are retrospective.>”?* Lee et al.®
reported that the frequency of ARIDTA loss is greater in
late-stage tumors than in stage 1 tumors in early-stage CRC
and suggested that ARIDTA loss may play a role in tumor
progression. Besides playing a role in pathogenesis, ARID1A
may activate downstream MAPK, PI3K, and mTOR pathways,
which should be further evaluated as therapeutic options.

The expression of ARID1A was only associated with sex
in this study but not with MMR, PTEN status, or other
clinicopathological factors (i.e, sidedness). A study
evaluating the expression of ARID1A mRNAs in hepatocellular
carcinoma tissue and neighboring normal hepatic samples
reported a significant association between sex and ARID1A
overexpression.”® Female patients were shown to have
greater expression of ARID1A. On the other hand, there was a
greater probability of loss of ARID1A expression in women in
our study. ARID1A assessment differed between the 2 studies,
but the possibility of sex-based differences is also acceptable.
Another study reported that the meiotic spermatocytes of
mice require ARIDTA.” ARIDTA was enriched in male sex
chromosomes during meiosis and may play a role in meiotic
sex chromosome gene regulation and DNA repair. The
researchers interpreted the findings of their study as a topic
worth investigating regarding the effects of the relationship
between the ARIDTA gene and sex on human reproductive
development or biological processes.

Although a significant relationship between ARID1A loss and
microsatellite instability has been reported in several studies,
we could not demonstrate any association in our study.>’?
These association data may be obscured by the small number
of patients. In a study on gene expression profiling of CRC,
6.7% of the patients had ARIDTA mutations. A significant
correlation was found between ARID1A and immunological
features in MSS tumors.?® One limitation of this study is that
the expression status of ARID1A could not be evaluated by
gene profiling in our patient group, whose tumors were
mostly MSS.

The clinical relevance of PD-L1 and PTEN in CRC has not
been revealed. In this study, no significant relationship
was found between PD-L1 expression and survival. A
comprehensive meta-analysis on the prognostic significance
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of PD-L1 expression in CRC revealed its potential to predict
poor outcomes.®® The pooled analysis included studies
with sufficient numbers of patients and PD-L1 positivity.
We found a lower proportion of PD-L1-positive tissue from
relatively smaller numbers of patients. Uniform assessment
in a large series with methods using validated antibodies
and standardized cutoff values for PD-LT may help resolve
the discrepancy. A distinction may also be made based on
whether tumor tissue or the immune environment is being
examined.

The frequency of somatic PTEN-inactivating mutations is low
(8-9%) in CRC, and their effect on the nature of the tumor is
not fully understood.*® An extended cohort analysis by the
same research group showed that PTEN deletions predict a
negative prognosis in MSS tumors, whereas PTEN mutations
predict a positive prognosis in MSI tumors.>' These findings
highlighted the need to identify clinically important PTEN
mutations and expression patterns in CRC. Given that drugs
targeting EGFR, which operates upstream of PI3K/PTEN,
represent the backbone therapy in mCRC, researchers may
investigate whether preserved PTEN expression leads to
resistance to anti-EGFR therapy. We did not find a significant
association between PTEN expression and survival. On the
other hand, a significant difference was found in mPFS
according to the PTEN expression status in patients treated
with anti-EGFR therapy.

Our results were consistent with the data that PTEN-positive
tumors may benefit less from anti EGFR treatment. When
interpreting the result, researchers should consider that the
determination and optimal interpretation of tumor PTEN
status can be a challenge. A semiquantitative scoring system
was used to obtain a better IHC scoring method than the
intensity score. However, tumors can exhibit intratumor
heterogeneity, and PTEN-positive tumors may display
impaired PTEN function.3 Although our study had some
biases, the numerical difference we found may be a significant
finding. In this study, the MSS status and HER2 positivity were
shown to be poor prognostic factors.

Most mCRC patients have MSS tumors and, unfortunately,
unlike patients with MSI-H tumors, they do not respond well
to immunotherapy. Effective alternative treatment strategies
and the identification of new predictive targets for MSS
tumors are urgently required. Our study was not primarily
intended to investigate the effect of HER2; it was mentioned
as a significant finding of this study. We found that HER2
positivity is associated with a poor prognosis. The prognostic
role of the overexpression of the HER2 gene in patients with
CRC is controversial; however, other studies have mostly
suggested poor survival outcomes®?* In a large sample
retrospective series, HER2-positivity was found to be an
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independent prognostic risk factor indicating poor prognosis
for stage llland IV CRC patients.* In this study, HER2 positivity
was assessed via IHC of the tumor tissue. All 10 patients were
IHC 3+, and no confirmatory FISH test was needed. Our results
reflected HER2 protein overexpression in tumor tissue.

In this study, biomarkers were evaluated using known
optimal methods in CRC tissue samples. However, these
results reflected the immunoreactivity in stored tissue
slides. Correlations between metastatic tissue and primary
tissue were not evaluated. Additionally, the composition of
the heterogeneous patient cohort and the small number
of patients included were other limitations of the study.
HRs and 95% Cls from multivariate analysis determined for
parameters associated with survival were relatively wide.
This finding of our study may be attributed to retrospective
studies and related to the small number of cases and events,
which provides power in statistical analysis. New prognostic
mutations are being detected in the pathogenesis of mCRC,
and studies on targeted treatment strategies are ongoing.
We argue that prospective studies that simultaneously assess
gene amplification and activating mutations in large numbers
of CRC tissues and liquid biopsies are needed.

CONCLUSION

We found that the MSS status, HER2 positivity, and ARID1A-
positivity were significantly associated with poor prognosis in
patients with mCRC. However, these three factors were not
related to each other. The only significant association found
between ARID1A loss and clinicopathological parameters
was sex. Evaluating the role of ARID1A expression and its
importance for mCRC through comprehensive studies and on
a molecular basis may be valuable.
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