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Successful hematopoietic stem and progenitor cell (HSPC) transplantation rests upon reliable methods for their
enumeration in sources such as cord blood (CB).Methods used today are costly, time consuming and exhaust the
limited number of cells needed for transplantation. The aimof this studywas to analyze if surplus plasma fromCB
contains biomarkers that can predict HSPC content in CB. Frozen, surplus plasma from 95 CB units was divided
into two groups based on CD34+ cell concentration. Birth weight, gestation age, gender, mode of delivery, col-
lection volume, nucleated cell count and colony forming unit assay resultswere available. Sampleswere analyzed
with a proximity ligation assay covering 92 different proteins. Two-group t-test with p-values adjusted for false
discovery rate (FDR) identified 5 proteins that significantly differed between the two groups. CDCP1 was the
most significant (FDR adjusted p-value 0.006). Correlation with CDCP1 concentration was most significant for
CD34+ concentration and nucleated cell count. Multivariate analysis showed that CD34 and gender seemed to
influence the level of CDCP1. In conclusion, CDCP1 was identified as a potential biomarker of HSPC content in
CB. The finding alsowarrants further investigation for a possible role of CDCP1 in regulating HSPC presence in CB.

© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Umbilical cord blood (CB) has become an established alternative cell
source in hematopoietic stem cell transplantation (HSCT) besides bone
marrow andmobilized peripheral blood. In later years, CB has also been
used experimentally to treat infantile cerebral palsy, autism and other
neurodegenerative disorders (Jensen, 2014; Lv et al., 2013). CB consists
of the residual fetal blood left in the placenta. This blood carries hema-
topoietic stem and progenitor cells (HSPC) in the same concentration
as adult bone marrow (Broxmeyer et al., 1989). This is in contrast to
the low levels found in adult peripheral blood (Broxmeyer et al., 1989;
Knudtzon, 1974). In the fetus, hematopoiesis is in a constant state of
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mobilization, starting in the yolk sac and aorta-gonad-mesonephros re-
gion before colonizing the liver, spleen and finally, following bone for-
mation, bone-marrow at mid-gestation (Keller et al., 1999). The feto-
maternal physiological processes governing these transitions and the
rapid decline of HSPC in neonatal blood after birth are not well
known. In adult hematopoiesis, however, the mechanisms of mobiliza-
tion and homing of HSPC to bonemarrow arewell described and relates
to hematopoietic growth factors, cytokines, chemokines, proteases and
cell-cell interactions in bonemarrow stroma (Hoggatt and Pelus, 2011).
Some of these mediators are measurable in adult peripheral plasma
(Szmigielska-Kaplon et al., 2015).

To retrieve as much HSPC as possible, CB is collected shortly after
clamping of the cord. Maternal and neonatal factors such as ethnicity,
gender, gestation age and mode of delivery, however, have been
shown to influence the HSPC concentration in CB (Cairo et al., 2005;
Aroviita et al., 2004a, 2005).

Successful HSCT rests upon reliable methods for HSPC enumeration.
Frequently used methods to determine HSPC content are the colony
forming unit (CFU) assay and quantification of CD34+ cells
(Frandberg et al., 2016). However, these methods are both costly and
time consuming and exhaust the limited number of cells needed for
transplantation. CB collections are usually processed to a buffy coat be-
fore freezing to reduce volume and erythrocyte content, resulting in
surplus plasma and erythrocytes. If analysis of factors in CB plasma
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1
Primary and FDR adjusted p-values for thefiveproteins that significantly differed between
CBU-L and CBU-H groups.

Protein p-Value FDR adjusted p-value Difference in NPX

CDCP1 8.88 × 10−5 0.006 0.18
CD6 0.001 0.04 0.37
IL18R1 0.001 0.04 0.20
CCL23 0.002 0.04 0.30
CASP8 0.002 0.04 0.47
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could be used instead of nucleated cells to predict HSPC content in CB,
this would be a clear advantage.

The aim of the present study was to investigate whether surplus
cord plasma from CB processing procedures contain biomarkers that
correlate with the number of CFU and CD34+ cell content in the corre-
sponding CB collection.

2. Material and methods

2.1. Collection of CB and analysis of CD34 and nucleated cell content

CB and clinical information on collection volume, birth weight, pla-
centalweight post collection, gestationweek, gender andmodeof deliv-
ery was obtained after parental informed consent as previously
described (Frandberg et al., 2016). The study was ethically approved
by the regional ethical review board, Gothenburg, Sweden. CB collec-
tions with total nucleated cell count ≥ 150 ∗ 107 were processed to a
CB buffy coat (CBBU) using the Sepax system (Biosafe, Eysins,
Switzerland) (Frandberg et al., 2016). The concentration of nucleated
cells (NC) was measured for each initial CB collection (iniNC) and
CBBU using a cell counter (Celldyn Sapphire, Abbott diagnostics, Santa
Clara, CA, USA) and for each CBBU viable CD34+ cells concentration
was measured using a Trucount tube-based CD34+ cell enumeration
assay on a BD FACSCanto II (Becton Dickinson, San Jose, CA, USA) ac-
cording to ISHAGE guidelines (Whitby et al., 2012). The viable CD34+
cell concentration in the initial CB collection (iniCD34) was calculated
from the volume of the initial CB collection and corrected for NC recov-
ery for each separate processing procedure. Resulting CBBU was finally
supplemented with 10% DMSO and 1 ml was sampled into a separate
tube and kept together with the corresponding full CB unit (CBU) in liq-
uid nitrogen (Frandberg et al., 2016). Surplus cord plasma fromprocess-
ing was aliquoted and stored in −80 °C until analysis.

2.2. CFU assay

CBBU from the separately frozen tube was thawed and used for the
14-day CFU assay as described previously (Frandberg et al., 2016). The
total number of CFU colonies (CFU-total) and CFU-granulocyte/
monocyte colonies (CFU-GM)were countedmanually under themicro-
scope and the number of growing CFU-total or CFU-GM colonies per
100,000 seeded nucleated cells were calculated.

2.3. Proximity ligation assay

Frozen, surplus cord plasmawas chosen from all CBU (n= 200) do-
nated in 2013–2014 with available cord plasma samples. Based on
iniCD34, 95 CBU:s with the highest and lowest results respectively,
were chosen for further analysis. Accordingly, units with iniCD34
≥ 50 cells/μl were considered high in HSPC content (CBU-H, n = 47)
and iniCD34 ≤ 40 cells/μl low in HSPC content (CBU-L, n = 48). Units
with iniCD34 between 40 and 50 cells/μl, i.e. intermediate in HSPC con-
tent, were not included in the study. CBU plasma samples were ana-
lyzed with proximity ligation assay (PLA) using the Proseek Multiplex
Inflammation panel (Olink Proteomics, Uppsala, Sweden) covering 92
unique protein biomarkers. The assay yields semi-quantitative protein
expression data on all individual biomarkers normalized to total protein
expression (NPX) through real-time PCR using the BioMark HD plat-
form (Fludigm, San Francisco, CA, USA) as described elsewhere
(Assarsson et al., 2014).

2.4. Statistical analysis

Calculations were performed using SPSS version 22 (IBM, Armonk,
NY, USA) and R (www.r-project.org). t-Test with false discovery rate
(FDR) correction was used for comparison between groups and
Spearman's rho for univariate analysis of correlations. Resultswere con-
sidered statistically significant if p b 0.05.

We used ordinary multiple linear regression to identify variables
that made an important contribution to the variability of CDCP1 in
plasma samples and to adjust for confounding variables. The multiple
regression model was built using a so called purposeful stepwise ap-
proach where all secondary predictors and possible confounders were
added one by one to the base model. Only variables with significance
≤ p = 0.1 were kept in the final model.

3. Results

3.1. Five proteins differed significantly between CBU high and low in CD34

To search for biomarkers in surplus cord plasma corresponding to
HSPC content, a screening approachwith a semi-quantitative array cov-
ering 92 unique proteins was used. There were 69 proteins (75%) de-
tected in all 95 samples analyzed. An overall increase in the protein
levels were seen in the CBU-H group (p b 0.001). Furthermore, five pro-
teins that significantly differed between the CBU-L and CBU-H groups
were identified; Caspase-8 (CASP8), C\\C motif chemokine 23
(CCL23), Interleukin-18 receptor-1 (IL18R1), CUB-domain containing
protein-1 (CDCP1) and T-cell surface glycoprotein CD6 isoform (CD6)
(Table 1).

3.2. CDCP1 concentration correlated with both CD34 and CFU-GM in CB

Among the proteins identified, CDCP1 was the most significantly
expressed. Correlation with CDCP1 concentration for each sample (n
= 95) was then investigated. It was most significant for CDCP1 and
iniCD34 (Spearman, r = 0.54, 2-tailed p-value b 0.0001), but also for
CFU count (CFU-total; r = 0.30, p value 0.003 and CFU-GM; r = 0.25,
2-tailed p-value 0.02) and iniNC (r = 0.36, p-value b 0.0001). There
was no correlation for CDCP1 with birth weight, gestation age or collec-
tion volume.

3.3. CD34 and gender influenced CDCP1 levels in CB plasma

To identify variables thatmade an important contribution to the var-
iability of CDCP1 in plasma and to adjust for confounding variables, we
used ordinarymultiple linear regression. Themultiple regressionmodel
was built with iniCD34 as primary predictor and collection volume,
iniNC, birth weight of child, placental weight post collection, gestation
age, gender and mode of delivery as secondary predictors or confound-
ing variables. Descriptive statistics for all included variables is given in
Table 2. IniCD34 and iniNC exhibited high-grade covariance (r = 0.60)
and iniNC was omitted from the model. Using a stepwise approach,
only gender and iniCD34 variables were significant (p ≤ 0.1) and hence-
forth included in the final model. Under these conditions the β coeffi-
cient for iniCD34 gave an increase in CDCP1 of 0.02 NPX for each
increase in iniCD34 (cells/μl). Female gender was associated with a
higher baseline level of CDCP1 (Fig. 1) with a β coefficient of 0.49. Ad-
justed R2 for the final model was 0.25, i.e. the model explains 25% of
the variation in CDCP1 between samples. Intercept, β coefficients, con-
fidence intervals and significance for all variables in the final model is

http://www.r-project.org


Table 2
Descriptive statistics for all clinical variables included in multiple regression analysis.

n = 95 Min Max Mean SD

Gestation (days) 259 295 277 7.9
Birth weight (g) 2655 4625 3605 427.6
Placental weight(g) 405 808 582 93.5
Collected volume (ml) 78 179 127 23.3
iniNC*10^8/L 77.9 274.0 140.9 38.9
iniCD34 cells/μL 6.9 222.8 49.5 36.8

Frequency Percent

Gender
Girl 48 50.5
Boy 47 49.5

Delivery mode
No stress 62 65.3
Stress 33 34.7

Table 3
Intercept, β coefficients, significance and 95% confidence intervals for all variables in the
final multiple regression model.

Model summary β Sig. 95% confidence
interval

Intercept 6.38 b0.0001 5.95 6.82
Girl 0.49 0.025 0.06 0.92
Boy 0 – – –
CD34 0.02 b0.0001 0.01 0.02
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given in Table 3. Check for model fit showed normally distributed resid-
uals for CDCP1 NPX (data not shown).

4. Discussion

HSPC concentration varies widely between CB collections and few
qualify for CB banking in terms of total HSPC content (Querol et al.,
2010). Aroviita et al. reported the median CD34+ cells concentration
in 1368 full term CB collections to be 33 cells/μl, with a wide range of
1.9–663 cells/μl (Aroviita et al., 2004b) Differences most probably re-
flect on variations in hematopoietic physiology in late gestation and
birth as part of mobilization and homing of HSPC to bone marrow
from peripheral blood. Hence, gestation lengths, child gender, birth
weight, mode of delivery and stress during delivery have all been
shown to correlate with HSPC concentration in CB (Cairo et al., 2005;
Aroviita et al., 2004a, 2005). Also, HSPC concentration in neonatal
blood rapidly falls after birth. The percentage of CD34+ cells decline
in median 25% in the first 3 h and reaches low adult levels in 60 h. The
decline correlates with the level of erythropoietin (EPO) in cord and
neonatal plasma after birth (Gonzalez et al., 2009) indicating the pres-
ence of factors that correlate with CD34+ cell concentration in CB.
Also, HSPC secrete numerous inflammatory and regulatory factors
Fig. 1. CDCP1 normalized total protein expres
when cultured in vitro, for example IL-8 and IL-16 (Majka et al., 2001),
bringing forward the theory that HSPC concentration might influence
cord protein composition directly. This is further strengthened by an in-
creasing amount of publications showing general differences in protein
composition comparing cord and adult plasma (Gonzalez et al., 2009;
Castellano et al., 2017). Lastly, a recent study found a significant correla-
tion (r = 0.22, p = 0.05) between levels of C\\C chemokine ligand 28
(CCL 28) in cord plasma and CD34+ cell numbers in CB (Yoon et al.,
2015) Taken together, our results add to the evidence that the protein
profile in cord plasma correlates with HSPC concentration as measured
through CD34+ cells concentration and CFU.

We implemented a screening approach, using a semi-quantitative
array covering 92 unique proteins including hematopoietic growth fac-
tors, chemokines, cytokines, proteases and regulators of cell-cell inter-
actions i.e. biomarkers of biological processes previously implied in
homing and mobilization of adult HSC. With this method we identified
five proteins that significantly differed between CBU high or low in
HSPC concentration. The most significantly expressed protein between
plasma samples with high and low concentration of HSPC was CDCP1.
This is a cell surface transmembrane glycoprotein that was first de-
scribed in 2001 as being overexpressed in colorectal cancer (Scherl-
Mostageer et al., 2001) and has since then been implicated as a factor
for poor prognosis in several other carcinomas (Ikeda et al., 2009;
Awakura et al., 2008). CDCP1 has been proposed to play a role in regu-
lation of cell differentiation and proliferation through interactions with
extracellular matrix. CDCP1 is also a marker for HSPC and cells express-
ing CDCP1 can restore hematopoiesis in irradiated NOD/SCID mice
(Conze et al., 2003). CDCP1 is co-expressed on CD34+ CD38- cells but
not on mature hematopoietic cells in CB (Buhring et al., 2004).
sion (NPX) in girls and boys respectively.

Image of Fig. 1
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Interestingly, CDCP1 gene expression has also been found to be upregu-
lated in the EPCR expression subset of human cord bloodwith enhanced
repopulation capacity (Fares et al., 2017).

Univariate analysis of our data shows that CDCP1 in CB plasma cor-
related most strongly with CD34+ cell concentration but also HSPC as
measured by the functional cell cultivation based CFU assay, giving fur-
ther support to this association. Finally, we built a multivariate regres-
sion model to further investigate the influence on CDCP1
concentration in plasma of birth and gestation related factors (birth
weight of child, placental weight, gestation, and gender and delivery
mode) against HSPC concentration related factors (iniNC and
iniCD34). Collection volume was also included in the model to investi-
gate collection related bias. Collection volume did not have a significant
effect on CDCP1 concentration. This further supports a physiological re-
lationship between CDCP1 and CD34+ cell concentration. As expected
the concentration of nucleated cells and CD34+ cells exhibited covari-
ance, and nucleated cell concentration could therefore be omitted
from the model. Of the remaining variables only gender and CD34+
cell concentration were significant in the model. Female newborns
seemed to have a slightly higher base level of CDCP1, which is evident
in box-plots of CDCP1 for both genders (Fig. 1). Gender had a larger im-
pact on CDCP1 (β coefficient 0.49 ∗ 1) when CD34+ cell concentration
was in the low range. For high CD34 values the relative effect of gender
was less substantial since the contribution of CD34 in the equation in-
creased (β coefficient of 0.02* CD34 6.9–222.8 cells/μl). In our opinion,
the model lends some support for a direct influence of CD34+ cell con-
centration on CDCP1 expression in plasma. However, CD34 cell concen-
tration and gender taken together only explains 25% of the variation in
CDCP1 so other factors must also be involved.

5. Conclusions

In conclusion, CDCP1 explains part of the variability in HSPC concen-
tration in CB. The identification of CDCP1 is intriguing andwarrants fur-
ther investigation, both as its use as a biomarker for HSPC content
weighted with other factors that correlate with CD34+ cells concentra-
tion in CB such as gender and TNC, but also for its role in HSPCmigration
and presence in cord blood.

Acknowledgements

The authors thank Emil Nilsson and colleagues at Olink Proteomics
for help with PLA and data analysis. The Swedish Cancer Society
(CAN2014/525), Västra Götalands Regionen (ALFGBG-431881) and
the Swedish National Cord Blood Bank supported this work.

References

Aroviita, P., Teramo, K., Hiilesmaa, V., Westman, P., Kekomaki, R., 2004a. Birthweight of
full-term infants is associated with cord blood CD34+ cell concentration. Acta
Paediatr. 93, 1323–1329.

Aroviita, P., Partanen, J., Sistonen, P., Teramo, K., Kekomaki, R., 2004b. High birth weight is
associated with human leukocyte antigen (HLA) DRB1*13 in full-term infants. Eur.
J. Immunogenet. 31, 21–26.

Aroviita, P., Teramo, K., Hiilesmaa, V., Kekomaki, R., 2005. Cord blood hematopoietic pro-
genitor cell concentration and infant sex. Transfusion 45, 613–621.

Assarsson, E., Lundberg, M., Holmquist, G., Bjorkesten, J., Thorsen, S.B., Ekman, D.,
Eriksson, A., Rennel Dickens, E., Ohlsson, S., Edfeldt, G., Andersson, A.C., Lindstedt,
P., Stenvang, J., Gullberg, M., Fredriksson, S., 2014. Homogenous 96-plex PEA
immunoassay exhibiting high sensitivity, specificity, and excellent scalability. PLoS
One 9, e95192.

Awakura, Y., Nakamura, E., Takahashi, T., Kotani, H., Mikami, Y., Kadowaki, T., Myoumoto,
A., Akiyama, H., Ito, N., Kamoto, T., Manabe, T., Nobumasa, H., Tsujimoto, G., Ogawa,
O., 2008. Microarray-based identification of CUB-domain containing protein 1 as a
potential prognostic marker in conventional renal cell carcinoma. J. Cancer Res.
Clin. Oncol. 134, 1363–1369.

Broxmeyer, H.E., Douglas, G.W., Hangoc, G., Cooper, S., Bard, J., English, D., Arny, M.,
Thomas, L., Boyse, E.A., 1989. Human umbilical cord blood as a potential source of
transplantable hematopoietic stem/progenitor cells. Proc. Natl. Acad. Sci. U. S. A. 86,
3828–3832.

Buhring, H.J., Kuci, S., Conze, T., Rathke, G., Bartolovic, K., Grunebach, F., Scherl-Mostageer,
M., Brummendorf, T.H., Schweifer, N., Lammers, R., 2004. CDCP1 identifies a broad
spectrum of normal and malignant stem/progenitor cell subsets of hematopoietic
and nonhematopoietic origin. Stem Cells 22, 334–343.

Cairo, M.S., Wagner, E.L., Fraser, J., Cohen, G., van de Ven, C., Carter, S.L., Kernan, N.A.,
Kurtzberg, J., 2005. Characterization of banked umbilical cord blood hematopoietic
progenitor cells and lymphocyte subsets and correlation with ethnicity, birth weight,
sex, and type of delivery: a Cord Blood Transplantation (COBLT) Study report. Trans-
fusion 45, 856–866.

Castellano, J.M., Mosher, K.I., Abbey, R.J., McBride, A.A., James, M.L., Berdnik, D., Shen, J.C.,
Zou, B., Xie, X.S., Tingle, M., Hinkson, I.V., Angst, M.S., Wyss-Coray, T., 2017. Human
umbilical cord plasma proteins revitalize hippocampal function in aged mice. Nature
544, 488–492.

Conze, T., Lammers, R., Kuci, S., Scherl-Mostageer, M., Schweifer, N., Kanz, L., Buhring, H.J.,
2003. CDCP1 is a novel marker for hematopoietic stem cells. Ann. N. Y. Acad. Sci. 996,
222–226.

Fares, I., Chagraoui, J., Lehnertz, B., MacRae, T., Mayotte, N., Tomellini, E., Aubert, L., Roux,
P.P., Sauvageau, G., 2017. EPCR expression marks UM171-expanded CD34+ cord
blood stem cells. Blood 129, 3344–3351.

Frandberg, S., Waldner, B., Konar, J., Rydberg, L., Fasth, A., Holgersson, J., 2016. High quality
cord blood banking is feasible with delayed clamping practices. The eight-year expe-
rience and current status of the national Swedish Cord Blood Bank. Cell Tissue Bank.
17, 439–448.

Gonzalez, S., Amat, L., Azqueta, C., Madrigal, J.A., Lailla, J.M., Garcia, J., Querol, S., 2009. Fac-
tors modulating circulation of hematopoietic progenitor cells in cord blood and neo-
nates. Cytotherapy 11, 35–42.

Hoggatt, J., Pelus, L.M., 2011. Mobilization of hematopoietic stem cells from the bonemar-
row niche to the blood compartment. Stem Cell Res Ther 2, 13.

Ikeda, J., Oda, T., Inoue, M., Uekita, T., Sakai, R., Okumura, M., Aozasa, K., Morii, E., 2009.
Expression of CUB domain containing protein (CDCP1) is correlated with prognosis
and survival of patients with adenocarcinoma of lung. Cancer Sci. 100, 429–433.

Jensen, A., 2014. Autologous cord blood therapy for infantile cerebral palsy: from bench to
bedside. Obstet. Gynecol. Int. 2014, 976321.

Keller, G., Lacaud, G., Robertson, S., 1999. Development of the hematopoietic system in the
mouse. Exp. Hematol. 27, 777–787.

Knudtzon, S., 1974. In vitro growth of granulocytic colonies from circulating cells in
human cord blood. Blood 43, 357–361.

Lv, Y.T., Zhang, Y., Liu, M., Qiuwaxi, J.N., Ashwood, P., Cho, S.C., Huan, Y., Ge, R.C., Chen,
X.W., Wang, Z.J., Kim, B.J., Hu, X., 2013. Transplantation of human cord blood mono-
nuclear cells and umbilical cord-derived mesenchymal stem cells in autism. J. Transl.
Med. 11, 196.

Majka, M., Janowska-Wieczorek, A., Ratajczak, J., Ehrenman, K., Pietrzkowski, Z.,
Kowalska, M.A., Gewirtz, A.M., Emerson, S.G., Ratajczak, M.Z., 2001. Numerous
growth factors, cytokines, and chemokines are secreted by human CD34(+) cells,
myeloblasts, erythroblasts, and megakaryoblasts and regulate normal hematopoiesis
in an autocrine/paracrine manner. Blood 97, 3075–3085.

Querol, S., Gomez, S.G., Pagliuca, A., Torrabadella, M., Madrigal, J.A., 2010. Quality rather
than quantity: the cord blood bank dilemma. Bone Marrow Transplant. 45, 970–978.

Scherl-Mostageer, M., Sommergruber, W., Abseher, R., Hauptmann, R., Ambros, P.,
Schweifer, N., 2001. Identification of a novel gene, CDCP1, overexpressed in human
colorectal cancer. Oncogene 20, 4402–4408.

Szmigielska-Kaplon, A., Krawczynska, A., Czemerska, M., Pluta, A., Cebula-Obrzut, B.,
Robak, M., Grzybowska-Izydorczyk, O., Szmigielska, K., Robak, T., Wierzbowska, A.,
2015. The kinetics of hematopoietic niche cytokines and their influence on mobiliza-
tion efficacy and timing in patients with hematological malignancies. J. Clin. Apher.
30, 247–251.

Whitby, A., Whitby, L., Fletcher, M., Reilly, J.T., Sutherland, D.R., Keeney, M., Barnett, D.,
2012. ISHAGE protocol: are we doing it correctly? Cytometry B Clin. Cytom. 82, 9–17.

Yoon, J.H., Oh, S., Shin, S., Roh, E.Y., Lee, H.R., Seo, S.H., Park, H., Song, E.Y., 2015. Plasma CC-
chemokine ligand 28 level is correlated with hematopoietic stem cells in human cord
blood. Transfusion 55, 1008–1012.

http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0005
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0005
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0005
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0010
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0010
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0010
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0015
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0015
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0020
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0020
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0020
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0025
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0025
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0025
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0030
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0030
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0030
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0035
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0035
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0035
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0040
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0040
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0040
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0040
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0045
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0045
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0045
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0050
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0050
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0055
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0055
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0060
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0060
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0060
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0060
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0065
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0065
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0065
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0070
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0070
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0075
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0075
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0080
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0080
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0085
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0085
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0090
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0090
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0095
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0095
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0095
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0100
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0100
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0100
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0100
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0105
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0105
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0110
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0110
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0115
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0115
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0115
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0120
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0125
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0125
http://refhub.elsevier.com/S1873-5061(18)30086-2/rf0125

	Concentration of the CDCP1 protein in human cord plasma may serve as a predictor of hematopoietic stem and progenitor cell ...
	1. Introduction
	2. Material and methods
	2.1. Collection of CB and analysis of CD34 and nucleated cell content
	2.2. CFU assay
	2.3. Proximity ligation assay
	2.4. Statistical analysis

	3. Results
	3.1. Five proteins differed significantly between CBU high and low in CD34
	3.2. CDCP1 concentration correlated with both CD34 and CFU-GM in CB
	3.3. CD34 and gender influenced CDCP1 levels in CB plasma

	4. Discussion
	5. Conclusions
	Acknowledgements
	References


