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Abstract

Background: PALB2 (BRCA2 partner and localizer) is a BRCA2-interacting protein that is 

required for BRCA2 genome caretaker tasks and interacts with BRCA1. Women with PALB2 

mutation have a 40% to 60% higher risk of breast cancer, almost equivalent to women who 

have BRCA mutations. PALB2 mutation may also increase the risk of pancreatic cancer. New 

guidelines for PALB2 mutation in breast cancer advise pancreatic cancer screening, which 

includes M.R.I.s of the pancreas as well as endoscopic ultrasonography, for women who have 

a family history of pancreatic cancer. Using the Cancer Genome Atlas (TCGA) and The Human 

Protein Atlas we examined genes that co-express with PALB2 in breast and pancreatic cancer.

Methods: We used cBioPortal for Cancer Genomics to analyze data in TCGA. cBioPortal 

provides visualization, analysis and download of large-scale cancer genomics data sets. We used 

the UCSC Xena Browser to additionally analyze gene expression in TCGA.

Results: Six genes, EARS2, ARL6IP1, DNAJA3, KNOP1, RPUSD1, and TMEM186, 

significantly coexpressed with PALB2 in both breast and pancreatic cancer. Glutamyl-tRNA 

synthetase 2 (EARS2) was the only gene coexpressing with PALB2 in the breast and pancreatic 

cancer subjects that was significantly related to pancreatic cancer survival. Elevated PALB2 and 

EARS2 gene expression are both significantly associated with the PAM50 Luminal B subtype 

and high risk of recurrence, suggesting why these women may need active intervention, such as 

prophylactic mastectomy.

Conclusions: EARS2 expression might be a risk factor for pancreatic cancer in breast cancer 

patients with PALB2 mutations. By assessing EARS2 expression in breast tumors, the clinician 
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might obtain a second piece of information that, with family history of pancreatic cancer, could 

inform the decision to perform pancreatic cancer screening.
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1. Introduction

PALB2 (BRCA2 partner and localizer) is a BRCA2-interacting protein that is required 

for BRCA2 genome caretaker tasks and interacts with BRCA1. PALB2 causes Fanconi’s 

anemia by biallelic germline loss-of-function mutations (also known as FANCN); whereas 

monoallelic loss-of-function mutations are linked to an elevated risk of breast and pancreatic 

cancer. Women with PALB2 mutations have a 40% to 60% higher risk of breast cancer, 

almost equivalent to women who have BRCA mutations [1]. In addition, high expression of 

PALB2 predicts poor prognosis in patients with advanced breast cancer [2].

Unlike BRCA1 and BRCA2 mutations, which are frequently present in Ashkenazi Jews, 

PALB2 mutations are not seen in the Ashkenazi community. PALB2 has been linked to 

Finnish, French Canadian, and Greek women in some research [3].

Like BRCA1 and BRCA2 mutations [4], PALB2 mutation may increase the risk of 

pancreatic cancer [5]. For women who have a family history of pancreatic cancer, new 

guidelines for PALB2 mutation in breast cancer advise pancreatic cancer screening, which 

includes M.R.I.s of the pancreas as well as endoscopic ultrasonography. The new guidelines 

may improve treatment as well as prognosis [6], since PALB2 protein expression is an 

unfavorable marker in pancreatic cancer [7]. But the prevalence rate of PALB2 mutations 

in a non-BRCA1/2 breast cancer population specifically selected for a family history of 

pancreatic cancer did not appear to be significantly increased compared to that observed in 

other breast cancer populations [8].

Using the Cancer Genome Atlas (TCGA) and The Human Protein Atlas we examined genes 

that co-express with PALB2 in breast and pancreatic cancer. Evaluation of these genes might 

supplement information provided by family history of pancreatic cancer and inform the 

decision for pancreatic cancer screening.

2. Methods

TCGA is a project, begun in 2005, to catalog genetic mutations responsible for cancer, 

employing genome sequencing and bioinformatics. We used cBioPortal for Cancer 

Genomics to analyze data in TCGA. cBioPortal provides visualization, analysis and 

download of large-scale cancer genomics data sets [9]. Gene expression is quantitated as 

Fragments Per Kilobase of transcript per Million mapped reads upper quartile (fpkm-uq), 

which is an RNA-Seq-based expression normalization method [10].

Lehrer and Rheinstein Page 2

Cancer Treat Res Commun. Author manuscript; available in PMC 2022 August 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



We used the UCSC Xena Browser to analyze gene expression [11]. (https://

xenabrowser.net). UCSC Xena allows exploration of functional genomic data sets for 

correlations between genomic or phenotypic variables.

We consulted The Human Protein Atlas to evaluate protein expression. The Human Protein 

Atlas is a Swedish-based project that began in 2003 with the goal of mapping all human 

proteins in cells, tissues, and organs by combining omics technologies, such as antibody-

based imaging, mass spectrometry-based proteomics, transcriptomics, and systems biology 

[12]. The Human Protein Atlas allows examination of the expression of individual genes and 

how they affect patient survival in 17 different types of cancer. A computer-based modeling 

approach to cancer types in 8000 patients is provided. 900,000 patient survival profiles are 

available, including cancers of the colon, prostate, lung, pancreas, and breast [13].

Statistical methods: All tests of significance were taken from calculations by cBioportal, 

UCSC Xena, and The Human Protein Atlas. cBioPortal uses the Benjamini-Hochberg False 

Discovery Rate correction procedure for multiple comparisons [14], as in Table 2. Other 

statistical methods are described elsewhere [10, 12, 13, 15].

3. Results

Table 1 displays demographics and clinical details of subjects in the study. We evaluated 51 

genes in the data sets that gave rise to EARS2 being the ONLY coexpressed gene in both 

breast and pancreatic cancers.

6 genes with expression most significantly correlated with PALB2 expression in breast and 

pancreatic cancer were EARS2, ARL6IP1, DNAJA3, KNOP1, RPUSD1, and TMEM186. 

Glutamyl-tRNA synthetase 2 (EARS2) was the only gene coexpressing with PALB2 in 

the breast and pancreatic cancer subjects that was significantly related to worse pancreatic 

cancer survival (Table 2).

EARS2 protein expression affected breast cancer survival. Higher levels of EARS2 protein 

correlated with worse survival (p = 0.031, log rank test, Fig. 1A). Fig. 1B shows 

EARS2 protein expression and pancreatic cancer survival. Higher levels of EARS2 protein 

correlated with worse survival (p = 0.00072, log rank test). mRNA expression assessment 

of PALB2 versus EARS2 in 1904 cases of breast cancer revealed that PALB2 and EARS2 

significantly coexpressed (Fig. 2) [16]. mRNA expression of PALB2 and EARS2 in 96 cases 

of pancreatic cancer was significantly correlated [17]. In two cases PALB2 was mutated: 

one missense mutation of unknown significance and one truncating mutation, a putative 

driver. In two cases EARS2 was mutated: one inframe mutation of unknown significance 

and one truncating mutation of unknown significance. The expression of EARS2 protein was 

dependent on PALB2 and vice-versa (Fig. 3).

PAM50 versus EARS2 gene RNA expression in 67 breast cancer subjects showed highest 

RNA expression in Luminal B subtype subjects (p = 0.023, one way ANOVA, Fig. 4A). 

PAM50 classification versus PALB2 gene RNA expression, 1097 breast cancer subjects, 

indicated that PALB2 expression was highest in Luminal B subtype subjects (p = 0.0094, 

one way ANOVA, Fig. 4B).
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Fig. 5A shows breast tissue, female, age 83, duct carcinoma, EARS2 staining absent. Fig. 

5B shows breast tissue, female, age 83, duct carcinoma, EARS2 staining high intensity. 

Although these are discordant results for two different antibodies on what appears to be the 

same tissue core, the difference in epitopes (the part of an antigen molecule to which an 

antibody attaches itself) may be sufficient to explain the varied results.

4. Discussion

Six genes (BRCA1, BRCA2, CDKN2A, TP53, MLH1, ATM) have mutations that enhance 

a person’s risk of pancreatic cancer significantly. EARS2 is not among them. Because the 

six genetic alterations were found in patients with no family history of pancreatic cancer, 

genetic testing has been suggested as the new standard of care [18].

The EARS2 gene codes for mitochondrial glutamyl-tRNA synthetase. This enzyme is 

necessary for protein synthesis in mitochondria. Transfer RNA (tRNA) aids in the assembly 

of amino acids into a chain during protein synthesis in both the mitochondria and 

the cytoplasm. To the developing chain, each tRNA transports a unique amino acid. 

Mitochondrial glutamyl-tRNA synthetase binds glutamate to the appropriate tRNA, ensuring 

that glutamate is supplied to the correct location in the mitochondrial protein.

EARS2 mutations are found in individuals having leukoencephalopathy of thalamus and 

brainstem with high lactate (LTBL). At least 23 mutations in the EARS2 gene are 

responsible. LTBL subjects usually have issues with thinking and motor abilities, as well 

as ability to manage muscular activity. The EARS2 gene mutations that cause LTBL are 

thought to lower mitochondrial glutamyl-tRNA synthetase levels. A lack of this protein 

prevents mitochondria from properly assembling new proteins. Improper protein assembly 

causes mitochondrial energy production to be disrupted. The specific mechanism by which 

EARS2 gene mutations cause LTBL is unknown [19].

EARS2 is involved in Leigh Syndrome, a life-threatening neurological condition that usually 

manifests in the first year of life. This disorder is marked by a gradual loss of mental and 

motor abilities (psychomotor regression), and often leads to death within two to three years, 

usually from respiratory failure. A tiny percentage of people do not develop symptoms until 

they are adults, or their symptoms increase more slowly [20].

EARS2 is related to at least three forms of cancer. In renal cancer EARS2 protein expression 

is a favorable prognostic marker, whereas in pancreatic cancer EARS2 protein expression is 

an unfavorable prognostic marker [21]. In addition, EARS2 may be a predictor of colon and 

rectal cancer [22]. EARS2 expression in cancer can be assessed by tissue immunostaining, 

as in Fig. 5.

In most people, cancer gene mutations do not occur at random. Certain cancer gene 

mutations are frequently found together, suggesting that they may work in tandem to 

promote tumor growth and progression [9]. This may be the case with the co-occurring 

expression of PALB2 and EARS2. The relation of EARS2 protein expression with reduced 

breast cancer survival in Fig. 1A might be related to the increased risk of breast cancer in 

women with PALB2 mutations.
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After accounting for tumor stage, grade, and age at diagnosis, PAM50 subtypes are linked 

with breast cancer outcomes after 15+ years of follow-up. The results are unaffected by 

menopausal status at the time of diagnosis. Women with the Luminal B subtype have a 60 

percent higher risk of recurrence than women with the Luminal A subtype [23]. Elevated 

PALB2 and EARS2 gene expression are both significantly associated with the Luminal 

B subtype (Fig. 4), and suggest why these women may need active intervention, such as 

prophylactic mastectomy.

Our study has limitations. The reason to look for genes associated with both breast and 

pancreatic cancer in Table 2 is to focus on the most relevant genes. If a gene is strongly 

associated with pancreatic cancer but not breast cancer in Table 2 and is strongly associated 

with pancreatic cancer survival—not tested in these genes—it could be a potential risk 

factor for pancreatic cancer in breast cancer patients. In addition to examining the six genes 

identified in Table 2 as primary candidates, it would be worthwhile to look at the other genes 

as secondary candidates for pancreatic cancer risk factors. However, this could affect the q 

values and criteria for multiple tests of significance in Table 2.

Weaknesses in our study:

• There is the possibility of gain/loss of function mutations of PALB2 (rather than 

the mutations that would only affect expression levels) as we detected a very 

small number of mutations in our analysis.

• PALB2 mutations do not necessarily equate to significantly altered PALB2 

expression. Our conclusion that EARS2 expression might be a risk factor for 

pancreatic cancer in breast cancer patients with PALB2 mutations is based on 

mRNA expression since there were only 2 pancreatic cancers and no breast 

cancers with a PALB2 mutation. But, as was mentioned above, high expression 

of PALB2 predicts poor prognosis in patients with advanced breast cancer [2].

• In pancreatic cancer PALB2 expression may be involved in pancreatic ductal 

adenocarcinoma cell migration independent of mutational status [24].

• Increased expression of homologous recombination (HR) genes such as PALB2 

is associated with poor prognosis, high grade cancers, probably because HR 

genes are expressed predominantly in the S and G2/M parts of the cell cycle 

when HR occurs. Moreover, PALB2 expression correlates with markers of 

cellular proliferation and the E2F1 transcription factor (a marker for the S phase) 

[25]. Therefore, since EARS2 correlates with PALB2, EARS2 could also be a 

poor prognostic marker for high grade, more proliferative tumors, like Ki67, not 

directly related to poor outcome through EARS2’s mechanism of action.

In conclusion, EARS2 expression might be a risk factor for pancreatic cancer in breast 

cancer patients with PALB2 mutations. By assessing EARS2 expression in breast tumors, as 

in Fig. 5, the clinician may obtain a second piece of information that, with family history of 

pancreatic cancer, could inform the decision to perform pancreatic cancer screening. Further 

studies are warranted.
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Fig. 1. 
EARS2 protein expression and breast cancer survival. Higher levels of EARS2 protein 

correlated with worse survival (p = 0.031, log rank test). B. EARS2 protein expression and 

pancreatic cancer survival. Higher levels of EARS2 protein correlated with worse survival (p 
= 0.00072, log rank test). (The Human Protein Atlas). To separate low expression from high 

expression, samples are divided on the median.
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Fig. 2. 
mRNA expression PALB2 versus EARS2 in 1904 cases of breast cancer. Expression of 

PALB2 and EARS2 was significantly correlated. (cBioPortal).
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Fig. 3. 
mRNA expression PALB2 versus EARS2 in 96 cases of pancreatic cancer. Expression of 

PALB2 and EARS2 was significantly correlated. In two cases PALB2 was mutated: one 

missense mutation of unknown significance and one truncating mutation, a putative driver. 

In two cases EARS2 was mutated: one inframe mutation of unknown significance (not 

shown) and one truncating mutation of unknown significance. (cBioPortal).
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Fig. 4. 
PAM50 versus EARS2 gene RNA expression, 67 breast cancer subjects, expression highest 

in Luminal B subjects (p = 0.023, one way ANOVA). (UCSC Xena) 4B PAM50 versus 

PALB2 gene RNA expression, 1097 breast cancer subjects, expression highest in Luminal B 

subjects (p = 0.0094, one way ANOVA).
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Fig. 5. 
Female, age 83 Breast, ductal carcinoma, EARS2 staining with Antibody HPA043289 not 

detected. 5B Female, age 83, Breast, ductal carcinoma, EARS2 staining with Antibody 

HPA043633 high intensity. (The Human Protein Atlas).
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Table 1

Demographics and clinical details of subjects in this study.

Breast Cancer Pancreatic cancer

N 1904 N 176

age 60.4 ± 13 age 65 ± 11

ER pos 73% pancreatic adenocarcinoma 85%

ER neg 19.30% male 61%

HER2 neg 69.10% female 39%

HER2 pos 9.80%

Histograde 1 9.60%

Histograde 2 41.40%

Histograde 3 44.50%

Cellularity high 48.80%

Cellularity moderate 37.90%

Cellularity low 10.40%

premenopause 20%

postmenopause 80%

hormone Rx 63.30%

no hormone Rx 36.70%

chemotherapy 82.20%

no chemotherapy 17.80%

invasive ductal 76.10%

mixed ductal lobular 11.80%

invasive lobular 7.90%

invasive breast 1.80%

zero nodes 51.60%

1 node 16.60%

2 nodes 8.30%

3 nodes 5.50%

4 nodes 2.50%
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