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Abstract

Background/Objective: Midkine (MDK) and pleiotrophin (PTN) are two closely related
heparin-binding growth factors which are overexpressed in a wide variety of human cancers. We
hypothesized that these factors in washout of biopsy needles would be higher in breast and lung
cancer than in benign lesions.

Methods: Seventy subjects underwent pre-operative core needle biopsies of 78 breast masses (16
malignancies). In 11 subjects, fine needle aspiration was performed ex vivo on 7 non-small cell
lung cancers and 11 normal lung specimens within surgically excised lung tissue. The biopsy
needle was washed with buffer for immunoassay.

Results: The MDK/DNA and the PTN/DNA ratio in most of the malignant breast masses were
similar to the ratios in benign masses except one lobular carcinoma in situ (24-fold higher
PTN/DNA ratio than the average benign mass). The MDK/DNA and PTN/DNA ratio were similar
in most malignant and normal lung tissue except one squamous cell carcinoma (38-fold higher
MDK/DNA ratio than the average of normal lung tissue).
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Conclusions: Both MDK and PTN are readily measurable in washout of needle biopsy samples
from breast and lung masses and that levels may be highly elevated only in a specific subset of
these malignancies.
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Background

Midkine (MDK) and pleiotrophin (PTN) are two members of the heparin-binding growth
factor family which are highly expressed in multiple embryonic tissues and in many
malignant tissues. MDK is a basic cysteine-rich polypeptide with a molecular weight of 13
kDa. It is expressed in multiple tissues in the mouse embryo and decreases to undetectable
levels by adulthood in many tissues, including breast [1-3]. High expression of MDK
mMRNA has been found in various human cancers such as breast, lung, stomach, colon, liver,
ovary, urinary bladder, prostate, glioblastomas, neuroblastomas and Wilms’ tumor [4-7].
PTN is a related basic polypeptide with a molecular weight of 15 kDa, which is also
expressed in multiple tissues of the mouse embryo and decreases with age in most tissues
other than nervous tissue. PTN, like MDK, has been found to be overexpressed in various
human cancers, including human breast, prostate, ovary, lung, pancreas, choriocarcinoma,
melanoma, glioblastoma, and multiple myeloma [8, 9]. Both cytokines have been found to
promote tumor growth, invasion and angiogenesis [10].

Both MDK and PTN act on several receptors, such as receptor-type protein-tyrosine
phosphatase ¢ (RPTP (), Anaplastic lymphoma kinase (ALK), Integrins, neuroglycan C
(NGC), Low-density lipoprotein (LDL) receptor related protein (LRP), syndecan (SDC), and
Notch [11]. Prior evidence suggests that MK and PTN act in part through the MAPK
pathway which plays significant roles in cell proliferation and survival [12-14]. There is also
evidence that expression of these growth factors can be induced by EGF and PDGF [15-16].

We recently reported that both MDK and PTN protein levels are increased in washouts of
fine needle aspiration (FNA) biopsies of malignant thyroid nodules compared to benign
thyroid nodules, suggesting that measurement of these two growth factors by ELISA in FNA
biopsies might provide adjunctive diagnostic and/or prognostic information to supplement
current cytological and molecular approaches [17-18]. Some prior studies suggest that
MDK and PTN are overexpressed in breast and lung cancers [4-9].

Objectives

We therefore hypothesized that tissue concentrations measured by ELISA might also be
elevated in needle biopsy samples of breast and lung cancer compared to benign breast
masses and normal lung. As a pilot study to test this hypothesis, we obtained washout fluid
from core needle biopsies of breast masses and from ex vivo FNA lung samples and
measured MDK and PTN using high-sensitivity ELISAs. To adjust for tissue content, we
normalized the resulting concentrations to DNA content.
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Materials and Methods

Subjects and Sample Collection

For the study of breast cancer, subjects [n=70] were adult women who underwent core
needle biopsies of breast masses at the Walter Reed National Military Medical Center
(WRNMMC), protocol 385478, between August 2013 and June 2014. Core biopsies were
performed for standard diagnostic indications under ultrasound (n=60 masses),
mammography (n=17), or MRI guidance (n=1) using a 14-gauge core needle for ultrasound-
guided or 9-gauge core needle device for mammography- or MRI-guided biopsies. After
samples were collected from the needle lumen for conventional histology, the interior and
exterior of the core needles were rinsed with 500 uL of phosphate-buffered saline (PBS)
containing 1% bovine serum albumin (BSA). Thus, the samples for immunoassays did not
include the solid piece of tissue in core biopsy needle. The washout was aliquoted and stored
immediately at =80 °C until the assays were performed. The cells in the washout were likely
lysed because they were subjected to freezing for storage and because samples were diluted
into buffer containing 0.5% Tween 20. Histological diagnoses were made by standard
pathological examination.

Peripheral blood (2.7 mL) was collected in a plastic citrate tube at the time of biopsy from
39 subjects with breast masses who subsequently had a histological diagnosis. The blood
was centrifuged at 4 °C for 15 minutes (3,000 g) within two hours of venipuncture. Plasma
was aliquoted and stored at =80 °C until MDK assay.

For the study of lung cancer, subjects (n=12) were adults who underwent surgical wedge
resection of lung nodules at the WRNMMC between August 2013 and June 2014.
Postoperative (ex vivo) FNA samples were performed. In the excised lung, the nodules of
interest were identified by the surgeon and pathologist. The selected nodules with
surrounding tissues were bisected for procurement, and then FNA was performed by passing
a 25-gauge needle into the nodules under suction. The needle was then partially withdrawn
and reinserted 15 to 20 times. For each nodule, 2 to 4 FNA samples were obtained. Two to 4
FNA samples of surrounding normal lung were also obtained. The needle, including tissue
within the lumen, was washed with 500 ul PBS containing 1% BSA. The samples were
aliquoted and stored immediately at —80 °C until assay. The cells in the washout were likely
lysed because they were subjected to freezing for storage and because samples were diluted
into buffer containing 0.5% Tween 20. Because of the very small amount of tissues in the
washout samples, they were not centrifuged to remove the non-soluble components. FNA
was performed on 7 nodules and 11 normal lung samples.

Histological diagnoses were made by standard pathological examination. None of our
subjects had heart failure or chronic kidney disease, conditions which may increase
circulating MDK concentrations [19-21]. None of our subjects had known metastases.

Study protocols were approved by the WRNMMC Institutional Review Board (protocol
385478), and all patients provided written informed consent to participate in the study. The
investigators have adhered to the policies for protection of human subjects as prescribed in
the 45 CFR, Part 46.
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Midkine Sandwich ELISA Assay

MDK sandwich ELISA was performed using a commercial kit (Biovendor, Czech Republic)
with modifications as previously described [11]. In summary, 50 uL of needle washout fluid
from a breast core biopsy or lung FNA was diluted in 200 pL of TBSTA buffer (Tris-
buffered saline: 50mM Tris-HCL, pH 8, 0.15 M NaCl, 0.5% Tween 20, 1% BSA). 100 pL of
the diluted samples were pipetted into each of two 96-well plates, which had been coated by
the manufacturer with capture antibody. The plate was incubated at 37°C for 2 hours without
shaking, then washed 3 times with 0.32 ml per well of washing buffer provided in the Kit,
and then inverted and tapped to remove residual fluid. 10 pg/mL of poly-L-lysine (PLL, 150
— 300 kDa, Sigma, USA) in water was added to the biotin-labeled antibody solution
provided with the kit, and then 100 uL of this solution was added to each well. The plate was
incubated at room temperature for 1 hour, shaking at 300 rpm on an orbital microplate
shaker. Then the wells were washed 5 times with 0.32 ml of the kit washing buffer per well.
After vigorous tapping to remove residual fluid from the wells, 100 L of streptavidin-HRP
conjugate solution provided with the kit was added to each well. The plate was incubated at
room temperature for 30 minutes, shaking at 300 rpm on an orbital microplate shaker. After
washing 5 times with washing buffer and tapping, kit substrate solution was added to each
well. The plate was covered with aluminum foil and incubated for 7 minutes at room
temperature. Color development was stopped by adding 100 pl of kit stop solution. The
absorbance of each well was measured using a microplate reader set to 450 nm. The
standards for the assay consisted of recombinant MDK dissolved in TBSTA. The MDK
assay showed good parallelism (Supplemental figure 1A). The intra-assay coefficient of
variability was 5.2 % at 0.25 ng/mL and inter-assay coefficient of variability was 28 %.

Pleiotrophin Sandwich ELISA Assay

Mouse anti-pleiotropin monoclonal antibody (3B20, produced in the lab of Dr. Anton
Wellstein) was diluted to 0.5 pg/mL in PBS and 100 uL/well was incubated in a 96-well
plate at 4°C for 16 hrs. The wells were blocked with 250 uL per well of PBS containing 3%
BSA and 0.2% Tween 20 for 2 hours at 4°C. Without washing, the plate was inverted and
tapped to remove residual fluid. 100 pL of washout from a breast biopsy or lung FNA was
diluted in 200 pL of PBSTA (PBS, 0.5% Tween 20, 1% BSA). 100 pL of the diluted samples
were pipetted in duplicate into plate wells. The plate was incubated at room temperature for
2 hours, shaking at 300 rpm on an orbital microplate shaker. It was then washed 3 times with
0.25 mL per well of PBST (PBS, 0.5% Tween 20). After tapping the inverted plate to
remove residual fluid, 100 pL/well of biotinylated anti-human pleiotrophin goat IgG (R & D
Systems, USA) was added at a concentration of 500 ng/mL in 0.9% normal saline
containing 5.7 meg/L calcium chloride and 0.5% BSA at pH 6. The plate was incubated
shaking at 300 rpm at room temperature for 1 hour. Then the wells were washed 5 times
with 250 pL of PBST per well. After vigorous tapping, 100 pL of streptavidin-HRP
conjugate solution (Thermo Scientific, USA) was added at a concentration of 12.5 ng/mL in
PBS to each well and the plate was incubated at room temperature for 30 minutes at 300 rpm
on an orbital microplate shaker. After washing 5 times with PBST and tapping dry, 100 pL
of TMB was added to each well. The plate was covered with aluminum foil and incubated
for 7 minutes at room temperature. Color development was stopped by adding 100 ul of stop
solution (0.16M sulfuric acid). The absorbance of each well was measured using a
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microplate reader set to 450 nm. The standards for the assay consisted of recombinant PTN
dissolved in PBSTA. The PTN assay showed good parallelism (Supplemental figure 1B).
The intra-assay coefficient of variability was 8.8% at 0.2 ng/mL and inter-assay coefficient
of variability was 15 %.

DNA concentration was measured using the Quant-it dSDNA HS assay kit (Life
Technologies, Grand Island, NY). 20 pL of core needle or FNA washout was diluted in 200
uL of working solution and fluorescence was measured in 96 wells plates using a microplate
reader (excitation/emission maxima ~485/520nm).

Plasma Midkine Sandwich ELISA Assay

125 pL of plasma was diluted in 125 pL of TBSTA. The rest of the procedure was identical
to the procedure described above for assay of washout samples.

Statistical Analysis

Results

Statistical analysis was performed using IBM SPSS Statistics, version 19. For lung masses
we assayed two FNA samples and averaged the values. Samples that showed DNA
concentration less than 50 ng/mL were considered to have inadequate breast or lung tissue
and were excluded from further analysis. The relationship between MDK vs. DNA and PTN
vs. DNA concentrations were analyzed after log transformation by generalized linear model
taking into account sampling from different nodules. Histological groups were compared
using the Kruskal-Wallis and the Mann-Whitney U test with Holm correction for multiple
comparisons. An a of 0.05 was considered the threshold for statistical significance. Data
were expressed as mean + SEM.

Characteristics of Subjects and Masses

For MDK measurements, core needle biopsy samples were obtained from 78 breast masses
in 70 subjects (mean age, 49.1 years; all females). Thirteen masses were excluded for low
DNA content. For 15 masses (14 subjects), the core needle biopsy histology was read as
malignant: invasive ductal carcinoma (IDC) in 5 masses, ductal carcinoma /n situ (DCIS) in
9 masses and 1 invasive lobular carcinoma. Malignancy characteristics are summarized in
Table 1. Three malignant breast samples were estrogen receptor negative (ER-; B23-1, B60-
1, B63-1; Table 1). For 50 masses (45 subjects), the core needle biopsy histology was read
as benign.

For PTN, we were only able to test 55 breast masses from 49 subjects (mean age, 51.1 years;
all females) due to sample quantity. 4 masses were excluded for low DNA content. For 13
masses (10 subjects), the core needle biopsy histology was read as malignant: invasive
ductal carcinoma (IDC) in 5 masses, ductal carcinoma /n situ (DCIS) in 6 masses, invasive
ductal carcinoa (IDC), and lobular carcinoma /n situ (LCIS) in 1 mass. For 38 masses (34
subjects), the core needle biopsy histology was read as benign.
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For MDK measurements, FNA samples were obtained from 7 lung nodules and 11 normal
lung specimens in 12 subjects (mean age, 66.5 years; 9 males, 3 females). For all 7 nodules,
the histology was read as malignant: adenocarcinoma in 4 nodules and squamous cell
carcinoma in 2 nodules and mucinous adenocarcinoma in 1 nodule.

For PTN, we were only able to test 6 lung nodules in 10 subjects (mean age, 66.4 years; 7
males, 3 females) due to sample quantity. For 6 nodules, the histology was read as
malignant: adenocarcinoma in 4 nodules and squamous cell carcinoma in 2 nodules.
Malignancy characteristics were summarized in Table 2.

Midkine, Pleiotrophin and DNA Concentrations in Needle Biopsy Washout of Breast

Masses

The concentrations of MDK in washout of core needle biopsies were similar in malignant
breast masses and benign breast masses (0.17 £+ 0.03 ng/mL v50.14 + 0.02 ng/mL, mean £
SEM, P= NS, figure 1A). Among malignant masses, MDK concentration did not differ
significantly in IDC and DCIS (0.13 + 0.04 ng/mL vs0.21 £ 0.04 ng/mL, P=NS). Of 78
core needle washout samples, 13 samples had DNA concentration less than 50 ng/mL and
were therefore considered to contain inadequate breast tissue and were excluded from
further analysis. DNA concentrations were similar in malignant and in benign masses (0.32
+0.41 v50.55 = 0.39, ug/mL, P=NS).

MDK and PTN were measured by highly sensitive ELISAs. DNA concentration was
included as a measure of tissue content in each sample. MDK, PTN, and DNA
concentrations and MDK/DNA and PTN/DNA ratios were similar in most benign and
malignant samples, except for a single high PTN/DNA ratio in the one lobular carcinoma /in
situstudied. MDK and DNA concentrations were significantly associated (R2 = 0.124, P=
0.033). MDK concentrations were normalized to DNA content to adjust for the amount of
tissue sampled. The MDK/DNA ratio did not differ significantly between malignant breast
masses and benign breast masses (0.34 £ 0.06 ng/ug vs0.57+ 0.09 ng/ug, P= NS)(figure
1B) or between IDC and DCIS (0.28 £ 0.08 ng/pg vs0.4 £ 0.09 ng/ug, A= NS). The
concentrations of PTN in washout of core needle biopsies were similar in malignant breast
masses and benign breast masses (0.25 £ 0.12 ng/mL vs. 0.26 £ 0.06 ng/mL, A= NS)(figure
1C). Among malignant masses, PTN concentration did not differ significantly in IDC, DCIS
and LCIS (0.09 + 0.08 ng/mL vs0.2 + 0.35 ng/mL vs. 1.50 ng/mL, P= NS). DNA
concentration was also measured in the core needle washout samples. Of 55 core needle
washout samples, 3 samples had DNA concentration less than 50 ng/mL and were therefore
considered to contain inadequate breast tissue and were excluded from further analysis.
DNA concentrations were similar in malignant and in benign masses (0.51 £0.13 pug/mL vs.
0.56 + 0.05 pg/mL, P= NS)(figure 1C). MDK and DNA concentrations were significantly
associated (R% = 0.18, £=0.025). To correct for the amount of breast tissue in each sample,
we normalized PTN concentrations to DNA content by calculating the ratio of PTN
concentration to DNA concentration (PTN/DNA, ng/ug). Samples from malignant masses
had similar PTN/DNA ratios compared to benign masses (1.38 + 0.4 v50.78 + 0.18 ng/ug, P
= NS)(figure 1D). PTN/DNA was not significantly different between IDC and DCIS (0.18
+0.16 v50.7 £ 0.35 ng/ug, P =NS). The single sample of LCIS had a high PTN/DNA ratio
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(19.0 ng/ug, figure 1D) compared to other malignant masses (0.44 + 0.2 ng/ug) or benign
masses.

Midkine, Pleiotrophin and DNA Concentrations in Needle Biopsy Washout of Lung Masses

The concentrations of MDK in washout of FNA was significantly different in malignant
lung nodules and normal lung tissue (0.62 + 0.48 vs. 0.09 £ 0.03, 2= 0.033)(figure 2A).
DNA concentrations were significantly elevated in malignant nodules compared to normal
lung tissue (0.99 £+ 0.15 pg/mL vs. 0.47 £ 0.1 pg/mL, £<0.001). MDK and DNA
concentrations were positively associated (R? = 0.298, £< 0.002). MDK concentrations
were normalized to DNA content to adjust for the amount of tissue sampled. The
MDK/DNA ratio did not differ significantly between malignant lung nodules and normal
lung tissue (1.23 + 1.11 ng/ug vs0.18 £ 0.02 ng/ug, A= NS)(figure 2B). However, one
squamous cell carcinoma did have an elevated MDK/DNA ratio (6.79 ng/ug, figure 2B).
MDK and PTN were measured by highly sensitive ELISAs. DNA concentration was
included as a measure of tissue content in each sample. MDK, PTN, and DNA
concentrations and MDK/DNA and PTN/DNA ratios were similar in most normal and
malignant samples, except for a high MDK/DNA ratio in one squamous cell carcinoma
studied.

The concentrations of PTN in washout of FNA were similar in malignant lung nodules and
normal lung tissue (0.14 = 0.06 ng/mL vs. 0.16 + 0.05 ng/mL, P= NS)(figure 2C). DNA
concentrations were elevated in malignant nodules compared to normal lung tissue (1.06
+0.22 pg/mL vs. 0.48 £ 0.11 pg/mL, P=0.001)(figure 2C). PTN and DNA concentrations
were not significantly associated (RZ = 0.09, 2= 0.1). The PTN/DNA ratio did not differ
significantly between malignant lung nodules and normal lung tissue (0.21 + 0.11 ng/ug vs.
0.43 £ 0.15 ng/ug, A= NS)(figure 2D).

Plasma Midkine Concentrations

Plasma MDK concentrations did not differ between subjects with malignant breast masses
and those with benign breast masses (0.28 + 0.07 ng/mL vs. 0.23 + 0.01 ng/mL, P=NS).

Discussion

We previously reported that the concentrations of two heparin-binding growth factors, MDK
and PTN were higher in needle biopsy washouts of malignant thyroid nodules than in benign
nodules [17-18]. Because MDK and PTN are both reportedly overexpressed in breast cancer
cells, we used highly sensitive ELISAs to measure MDK and PTN concentrations in the
washouts of core needle biopsies from breast masses to determine whether levels differed in
malignant and benign lesions. In order to correct for the amount of breast tissue present, we
normalized the MDK and PTN concentration to the DNA concentration. We found that, in
general, neither MDK nor PTN protein levels in core needle biopsy washout samples were
significantly higher in malignant than in benign breast masses. However, one lobular
carcinoma /n situ showed a PTN/DNA ratio 24- fold higher than the average benign mass.
Because PTN was only measured in one LCIS, it is unclear whether PTN overexpression is a
general property of LCIS. We also measured MDK concentration in plasma and did not find
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significant differences in plasma MDK concentrations between subjects with malignant and
benign masses.

Several previous studies have suggested that MDK and PTN are overexpressed in some
breast cancers. In an early study, using non-quantitative RT-PCR, Garver et al. detected
MDK mRNA expression in more malignant samples than in normal samples [4]. Similarly,
Yu et al. found higher MDK mRNA expression in breast cancer samples than in normal
breast tissue using semi-quantitative northern analysis [22], and Qin et al reported that 86%
of IDC samples showed immunohistochemical staining for MDK expression [23]. In
contrast to the above studies, Miyashiro et al., using RT-PCR and northern analysis,
identified MDK mRNA similarly in malignant and normal breast tissue samples, but found
differential expression of a truncated form of MDK, which was identified in 6 of 26
malignant samples but not in normal breast tissue [24]. MDK expression seems to be
unrelated to the level of estrogen and progesterone receptors [4].

For PTN expression in breast cancer, there are conflicting results. Fang et al. reported PTN
MRNA expression in 62% of breast cancer samples but not in normal breast tissue using an
RNAse protection assay [25]. In that study, the status of ER or PR was not correlated with
PTN mRNA expression. However, Garver et al. found that most breast cancers and most
normal breast tissue samples expressed PTN mRNA as assessed by RT-PCR. More recent
microarray analysis by Turashvili et al. and by Casey et al. actually found decreased PTN
MRNA expression in malignant compared to normal breast tissue [26-27].

Because MDK and PTN are both reportedly overexpressed in lung cancer cells, we also used
highly sensitive ELISAs to measure MDK and PTN concentrations in the washouts of FNA
needle biopsies from ex vivo lung nodules to determine whether levels differed in malignant
lesions and normal lung. We normalized the MDK and PTN concentration to the DNA
concentration to correct for the amount of lung tissue present. Neither MDK nor PTN
protein levels in FNA needle biopsy washout samples were significantly higher in malignant
lung nodules than in normal lung tissue. However, one squamous cell carcinoma showed
MDK/DNA ratio 38-fold higher than the average sample of normal lung tissue. MDK was
only measured in two squamous cell carcinoma nodules, and therefore the frequency of
MDK overexpression in squamous cell carcinomas is unclear.

Prior analyses have suggested that MDK and PTN are overexpressed in some lung cancers.
Ostroff et al. identified PTN as a serum marker that helps identify individuals with non-
small cell lung cancer [28]. Similarly, Du et al. reported significant increases in serum PTN
levels of patients with lung cancer compared to controls, and, in two surgical specimens,
found elevation of PTN mRNA and protein in and around non-small cell lung cancer lesions
compared to normal lung tissue [29]. However, using non-quantitative RT-PCR, Garver et al.
reported decreased expression of PTN in malignant lung samples compared to resected
normal lung but increased expression of MDK [5]. Serum midkine levels are also reportedly
elevated in patients with lung cancer [30]. In addition, there is /n vitro evidence that MDK
promotes lung cancer epithelial-mesenchymal transition [31] and cell migration [32], raising
the possibility that those lung cancers that overexpression MDK might be treated by
targeting this pathway.
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Our study of heparin-binding growth factor levels in breast and lung cancer has several
strengths compared to prior studies. First, unlike many previous studies, we assessed
expression at the protein, rather than the mRNA level, which has greater relevance for
pathogenesis. Second, unlike many older studies, we used a highly quantitative method,
ELISA. The assays for both MDK and PTN are highly sensitive [17], readily allowing the
detection of both MDK and PTN in the samples studied. Third, we assessed protein levels
not only in serum, but directly in malignant tissues, thus potentially increasing the ability to
detect increased expression.

However, the current study also has several important limitations. It is a pilot study with a
small sample size of patients with breast and lung malignancies. Although we identified
specific malignancies with elevated levels of heparin-binding growth factors, additional
larger studies would be required to determine the frequency of this overexpression in various
subtypes of breast and lung cancer, and to assess whether or not this overexpression has
prognostic significance. A second limitation is that we did not have any benign lung masses
available for study, and thus the only comparison was to normal lung. A third limitation is
that we did not study subjects with advanced, metastatic breast or lung cancer; such subjects
might have higher MDK or PTN levels, including elevated circulating MDK, as previously
reported [30].

Conclusions

In conclusion, this pilot study indicates that neither MDK nor PTN concentrations in needle
biopsy washout samples are higher in most malignant breast or lung masses compared to
benign breast masses or normal lung, respectively. However, one lobular carcinoma /n situ of
the breast showed PTN/DNA ratio 24-fold higher than the average benign mass and one
squamous cell carcinoma of the lung showed MDK/DNA ratio 38-fold higher than the
average sample of normal lung tissue, suggesting that a subset of breast and lung cancers
may strongly overexpress heparin-binding growth factors. Additional studies would be
required to determine the frequency of this overexpression, whether or not it has prognostic
significance, and whether these overexpressing malignancies could be treated by targeting
the MDK/PTN pathways, for example with monoclonal antibodies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

MDK/DNA ratios (A), and PTN/DNA ratios (B) in core needle biopsy washout from

Page 12

histologically confirmed benign (open circles) and malignant (closed circles) breast masses.
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Figure 2.
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MDK/DNA ratios (A), and PTN/DNA ratios (B) in washout fluid from fine needle aspiration
samples of normal lung tissue (open circles) and malignant lung masses (closed circles).
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Malignant breast masses

Table 1.

Sample ID  Histology  Pertinent Receptor status ~ Size of mass (cm) MDK/DNA ratio (ng/ug) PTN/DNA ratio (ng/ug)
B4-1 IDC ER+, PR+, HER2- 0.4 0.41 0
B7-2 IDC ER+, PR+, HER2- 0.5 0.70 1.08
B9-1 DCIS ER+, PR+ 0.9 0.17 0
B9-2 DCIS ER+, PR+ 11 0.36 0
B23-1 LCIS ER-, PR- 0.8 NA 19.0
B41-1 IDC ER+, PR+, HER2- 0.5 0.10 NA
B43-1 IDC ER+, PR+, HER2- 0.5 0.13 NA
B44-1 DCIS ER+, PR+ 11 0.13 NA
B44-2 DCIS ER+, PR+ 0.5 0.35 NA
B53-1 DCIS ER+, PR+ 0.6 0.85 1.44
B60-1 DCIS ER-, PR- 0.4 0.24 0.86
B62-1 ILC ER+, PR+, HER2 equivocal 1.9 0.15 0
B63-1 DCIS ER-, PR- 0.5 0.41 0
B73-1 IDC ER+, PR+, HER2- 0.6 0.13 0
B75-1 DCIS ER+, PR- 2.0 0.29 1.48
B81-1 IDC ER+, PR+, HER2- 0.4 0.30 0
B81-2 IDC ER+, PR+, HER2- 0.5 NA 0

IDC, invasive ductal carcinoma; DCIS, ductal carcinoma /in situ; ILC, invasive lobular carcinoma; LCIS, lobular carcinoma /n situ; NA, not

available
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Table 2.
Malignancies in lung masses
Sample ID  Histology Size of masses (cm) MDK/DNA  PTN/DNA ratio (ng/ug)
ratio (ng/ug)

L1 Squamous Cell Carcinoma 13 6.79 0.58
L7 Mucinous Adenocarcinoma 471 0.061 NA
L9 Adenocarcinoma 16 0.12 0
L10 Adenocarcinoma 1.5 0.47 0.3
L11 Squamous Cell Carcinoma 45 0.11 0.04
L14 Adenocarcinoma 3.8 0.20 0.08
L15 Adenocarcinoma 0.5 0.10 0.35
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