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Abstract: The numbers of CD133+ and CD31+ lymphocytes and those in the G2-M phases in the total fraction of circulating 
lymphocytes from patients with fatal liver cirrhosis and advanced lung cancer were investigated by flow cytometry during a 
long period of conventional treatment with OLT or palliative surgery followed by myelosuppressive chemotherapy. The 
relationships of specific reproductive activity, sRA (G2-M/CD133+), and the number of committed liver α-fetoprotein-positive 
(AFP+) cells with the rate of patient deaths, characterized by exponential approximation survival curves for both diseases, were 
investigated. Subnormal sRA in patients after OLT and excessive sRA in LC patients above a healthy level were associated 
with higher death rates and lower survival, coinciding with strong immunosuppression caused by anti-rejection and anti-cancer 
therapies. These findings may be explained by morphogenesis (feeding) activity of circulating lymphocytes targeted toward 
both normal and malignant tissues rather than in terms of cellular immunity. The sRA changes may be a useful indicator for 
monitoring the potential for engraftment or tumor growth. 

Keywords: Hematopoietic Stem Cells, Lymphocytes, Specific Reproductive Activity, Resource of Lymphopoiesis,  
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1. Introduction 

Strongly proliferating CD133+ progenitor cells of bone 
marrow (BM) origin may differentiate into cells with 
characteristics of mesoderm, endoderm, and neuroderm 
layers, such as endothelial progenitor cells, neural 
progenitor-like cells, astrocytes, oligodendrocytes, kidney 
proximal tubule cells, lactiferous duct cells of the mammary 
gland, prostate gland cells, skin cells, lung cells, intestinal 
cells, skeletal muscle-like cells, and hepatocyte-like cells. 
Circulating CD133+ hematopoietic stem cells (HSCs) can be 
committed to tissues of different types and support 

regenerative processes in them [1, 2, 3]. These CD34+ 
progenitor cells can accelerate the aggressiveness of the 
malignant process [4]. The CD31+ lymphocytes (Lph) in 
peripheral blood (PB) are more mature descendants of 
CD133+ progenitors; they both are able to take part in 
vasculogenesis, and have tumor-propagating capacities [5].  

It is not sufficient to determine only the numbers of HSCs 
(CD133+ and CD34+) or their descendants in peripheral 
blood to predict long-term biological activity in 
lymphocytopoiesis. The current proliferative potency of 
progenitors and descendants is also important. Hayflick’s 
limit characterizes the maximum number of divisions that a 
single cell is able to undergo, despite telomerase activity, 
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until its death. The ability of an organism to reproduce cells 
becomes weaker with age and with some diseases [6, 7], 
especially those with life-threatening pathologies [8, 9]. The 
decrease in human life span (LS) with age is accompanied by 
a reduction in lymphocytopoietic activity in organisms, a 
marked decline in the production of naïve T cells, and an 
increase in granulocyte numbers [7, 10]. As the mitotic phase 
of renewal in the lymphocytic compartment of PB is a 
valuable measure of current proliferative capacity, we 
considered that dividing mitotic activity of the lymphoid cells 
in PB by the number of circulating CD133+ HSCs (specific 
reproductive activity, sRA) might provide a more reliable 
measure of the long-term functional potential for 
lymphocytopoiesis. Thus, we assessed the relationship 
between specific mitotic reproductive activity, sRA, and 
instantaneous death rate (DR) in two groups of patients with 
fatal diseases: liver cirrhosis, treated by orthotropic liver 
transplantation (OLT), and lung cancer after palliative 
surgery, both followed by conventional cytotoxic therapy. 
The ability of CD133+ cells to provide renewal of different 
tissues and thus support the viability of the organism overall 
was checked by determining the number of circulating Lph 
committed to liver tissue (α-fetoprotein-positive, AFP+) 
along with evolution of sRA and DR values over several 
years following the start of conventional therapy. 

2. Methods 

2.1. Patients 

The subjects, 95 adult patients with orthotropic liver 
transplantation (OLT) and 43 with advanced non-small cell 
lung bronchioloalveolar carcinoma (LC), received 
conventional therapy at the Russian Research Center of 
Radiology and Surgical Technologies (RRCRST) in St. 
Petersburg, as described previously [4, 11]. OLT was 
followed by chemotherapy with basiliximab and 
immunosuppressive treatment, including tacrolimus and 
mycophenolate with prednisone. LC patients received 
conventional chemoradiotherapy after palliative surgery. 

The cumulative 3-year survival rate of patients with OLT, 
measured by the Kaplan–Meier method, was 82%. The 
cumulative 1- and 3-year survival rates of patients with LC 
were 26% and 7%, respectively. 

The institutional ethics committee approved this study. 
Informed consent was obtained from all patients. 

2.2. Death Rates 

Survival curves for each subgroup were approximated 
using exponential curve fitting in Excel [12], with the 
following equation: 

St = A e– kt + B e– λt + C                           (1) 

where St is the proportion of surviving patients at any point 
during the 5-year period, t is the time (months) after the 
beginning of therapy, k and λ are the exponential death rates 
per month (DR), and A and B are the proportions of patients 

who died correspondingly with monthly DR k or λ. C is the 
proportion of those who had not died during the extended 5-
year follow-up period. 

2.3. Blood Samples for Flow Cytometry 

A parallel randomized study of blood samples was 
conducted within 108 months after the beginning of therapy, 
with written informed consent, in 21 OLT patients (average 
age 39.9 ± 12.1 years, nine females, twelve males) and 13 LC 
patients (average age 44 ± 9.2 years, six females, seven 
males). A separate group of six healthy adult volunteers 
(average age 55 years, three females, three males) was used 
to provide control (baseline) data. 

Blood samples (10 mL) were first taken before OLT or LC 
treatment. Then, samples were taken repeatedly at convenient 
times from those who were alive during three consecutive 
periods after the therapy started, but who died later. The 
corresponding periods after the start of treatment were > 0 
≤7, >7 ≤ 44, and >44 ≤108 months. Immediately after PB 
was collected from a patient, the mononuclear cell fraction 
(MNC) was isolated by classical Ficoll density separation 
[13], omitting the final step of magnetic cell enrichment. 
Viability was assessed with the trypan blue exclusion test. 
Cells from two equal parts of the fresh MNC fraction were 
stained for flow-cytometry analyses. 

The nucleic acid stain Hoechst33342 (bisbenzyimidazole 
fluorochrome; Sigma) was used for cell-cycle analysis, which 
was performed according to [14], with slight modifications. 
First, MNCs were resuspended at a density of 106 cells/mL in 
pre-warmed (37°C) DMEM + 2% heat-inactivated fetal calf 
serum (FCS; Gibco BRL, Grand Island, NY, USA) and 10 
mM HEPES (Gibco BRL). Hoechst33342 was added to a 
final concentration of 5 µg/mL, and the cells were placed in a 
37°C water bath for 120 min. Tubes were mixed gently every 
20 min during the incubation. Then, cells were centrifuged 
(483 relative centrifugal force, RCF, for 6 min at 4°C in a 
precooled rotor), resuspended in cold HBSS / 2% FCS / 10 
mM HEPES at a concentration of 1–2 × 107 cells/mL, and 
kept at 4°C until analysis. 

The phenotypes of the circulating cells in the lymphoid part 
of the MNCs were evaluated using standard protocols for cell 
staining. MNCs were prepared for conventional dual-color 
immunophenotyping with fluorescence of allophycocyanin 
(APC)-directly conjugated anti-CD133/2 monoclonal 
antibodies (MoAbs), fluorescein isothiocyanate (FITC)-
directly conjugated anti-CD31 MoAbs, and phycoerythrin 
(PE)-directly conjugated anti-AFP (α-fetoprotein) MoAbs. The 
APC-conjugated MoAbs were from Miltenyi Biotec (Bergisch 
Gladbach, Germany), the FITC-conjugated MoAbs were from 
BD Bioscience Pharmingen (San Jose, CA, USA), and the PE-
conjugated MoAbs were from R&D Systems (Minneapolis, 
MN, USA). Isotype-matched irrelevant MoAbs (Becton-
Dickinson) were used as negative controls. 

2.4. Flow Cytometry 

An LSR Fortessa flow cytometer (Becton-Dickinson, San 
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Jose, CA, USA) was adjusted for immunofluorescent before 
each measurement using the BD Cytometer Setup and 
Tracking Beads kits. The Lph and monocytes (Mn) fractions 
were separated by gating on forward (FSC) and side (SSC) 
light scatter dot plots, excluding cellular debris. A red laser 
(640 nm, 40 mW) was used for the detection of CD133+ 
cells, a blue laser (480 nm, 50 mW) for detection of AFP+ 
and CD31+ cells, and a UV laser (355 nm, 20 mW) for cells 
labeled with Hoehst33342. 

2.5. Flow Cytometry Analysis 

The proportion (%) of AFP-positive cells (AFP+ CD31+ 
subset) in the CD31+ fraction of the Lph pool was calculated as 
described in [3]. A dot-plot of double (simultaneous) emission 
of Hoehst33342 in blue (x-axis) and red (y-axis) wavelengths 
was used for the separation of events, G0-G1, S, and G2-M 
phases, according to [13, 14]. The major double-negative 
emitting population (blue and red) in lower left corner of the 
plot represents cells in the G0-G1 phase of the cell cycle. The 
center and upper right corner of the dot plot shows the double-
emitting cells in the S and G2+M phases of the cell cycle. 
Then, data from the Hoechst33342 red versus blue bivariate 
plot were used to calculate the specific reproductive activity 
(sRA) for each patient: (percentage of G2-M phase events / 
percentage of CD 133-positive cells in the pool of Lph). A 
minimum of 500,000 total events was recorded twice when 
AFP+ 133+ cells were investigated in the Lph fraction. The 
percentage of positive cells was calculated by subtracting the 
value of the appropriate isotype control. 

2.6. Kinetic and Statistical Analyses 

The goal was to find changes in signs over time since the 
start of treatment. Time-related curve fitting was performed 

using Microsoft Excel software [15]. We defined the 
functions that best described the trends in the data using 
equations. For kinetic analyses of survival curves according 
to these formulae (1), exponential regression lines were 
determined. 

The G2-M, CD133+, and sRA values were averaged in 
frames of three time periods after treatment (> 0 ≤7, >7 ≤ 44, 
and >44 ≤108 months) for each group, OLT, and LC, and 
these were compared by kinetic analyses. The relationships 
of residues of sRA in each of the three kinetic intervals (∆ 
sRA) with corresponding data of those who died (∆ of death) 
and with k- or λ-values in the corresponding time interval 
were then assessed. 

To determine a line that adequately described the non-linear 
trends, we used higher order polynomial approximations. As 
the coefficient determination R2 is a statistical measure of the 
goodness of fit of the regression line to the data, we assessed 
its maximal value. Confirmation of satisfactory R2 values was 
made according to equation (2) [16]:  

t = √ [R2(n − 2) / (1 − R2)]                         (2) 

Student’s t-test, standard error (SE), and probability (p) 
were used for comparing the mean values (M), as necessary. 
A p-value ≤0.05 was considered to indicate statistical 
significance. 

3. Results 

3.1. Viability of Patients 

The graphical analysis of survival in a semi-logarithmic 
plot is shown in Figure 1.  

 
Figure 1. Survival of patients with OLT (a) and LC with conventional therapy (b). 

x time, months; y survival, relative units. a) OLT; white triangles, common curve; black triangles, proportion that died A. Dashed horizontal lines, stable portion of 
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the survivors, C. b) LC; white circles, common curve; black circles, (A) proportion who died with high DR k; (B) proportion who died with slow DR λ.  

 

A small proportion, A, of patients with OLT (18%) died at around 1 year, and the rest (82%) were alive at 60 months 
(constant part, C). Most of the patients with LC had died within 1 year (69%, A), and only 31% died more slowly, up to 5 years 
after treatment. The parameters of the equations for the exponential approximations shown in Figure 1 are given in Table 1. 

Table 1. Parameters of exponents approximated from survival curves. 

Proportions (A, B, C) and DR (k, λ ) for Exponents on Figure 1 A k B λ R±SE p C 

a) Liver transplantation, triangles 0.18 0.13 0 0 0.775 ± 0.19 0.003 0.82 

b) Lung cancer treatment, circles 0.69 0.17 0.31 0.0046 
0.98 ± 0.07 for k <0.001 

0 
0.94 ± 0.15 for λ 0.003 

 
Three ‘types’ of survival were selected for further 

investigation of circulating cells: two with relatively high 
death rates, DR (k = 0.13 month-1 or k = 0.17 month-1) for 
group A of patients with OLT and LC, and the other with 
slow DR (λ = 0.046 month-1) for proportion B of patients 
with LC and no death (DR = 0; portion C = 82% for OLT). 

 

3.2. Monitoring of G2-M and CD133
+
 Cells in Blood 

The data below were used to compare survival parameters. 
Figure 2a and 2b show the kinetics of the averaged percentage 
of CD133-positive Lph, the percentage of Lph in G2-M phases, 
and the averaged specific reproductive activity (sRA), expressed 
as a percentage of G2-M phase events divided by the percentage 
of CD 133-positive cells in the Lph pool. 

 
Equations for the thin approximated lines are shown in boxes. Gray zones: control M ± m for healthy donors: lower CD133+, middle G2-M, and upper sRA. 

Figure 2. Kinetics of CD133+ Lph (white), G2-M phases of Lph (black, lower), and sRA (black, upper) for LC (a) and OLT (b) patients. 

Comparing the data for OLT and LC patients in Figure 2a  
and 2b reveals three main differences between them. First, 
the percentage of CD133+ Lph was lower and the percentage 
of G2-M phase cells higher in LC compared with OLT 

patients. Second, the specific reproductive activity (sRA) in 
LC was several times higher than that in OLT over the whole 
time period. Third, the final sRA value for long-living OLT 
patients was the same as the control level for healthy donors, 
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preliminarily evaluated as 4.2 ± 2.1. In contrast, the final 
sRA value for part B LC patients exceeded this reference 
level significantly (four fold). To understand more precisely 
the functional role of sRA deviations, their residues, ∆, in the 
elapsed periods of time (according to Fig. 2a and b) were 
related to corresponding residues, ∆, of survival A (according 
to Figs. 1a and b) and the exponential DRs, k and λ (from 
Table 1). The interconnections are presented in Figure 3, 
where data for the two pathologies are combined as the total 
dependency. 

 

Figure 3. Changes (∆) in survival (y-axis, triangles) and exponential DR (y-

axis, rhombuses) with residues (∆) of sRA (x-axis). 

Black, LC; white, OLT. Formulae of the approximated lines are shown in 
boxes: upper for y = ∆ survival, lower for y = DR. 

During several months after beginning treatment, the 
deviation of sRA to the left (negative values on the x-axis, 
Fig. 3) or to the right (positive values ≥ 8 on the x-axis, Fig. 
3) showed a significant loss in the number of patients in both 
OLT and LC. The deviation of sRA in the opposite direction 
from its normal level resulted in an increasing DR. 

In the OLT group during the following time interval after 
10–12 months, sRA returned to a normal (‘healthy’) level, at 
which death did not occur up to 3 years post-treatment 
(constant survival, B = 82%). This confirmed the important 
of keeping the sRA around the normal value for successful 

long-term therapy in OLT. 
Exceeding the normal level, as happened among LC 

patients during the first and second time intervals, was 
associated with the deaths of 16% and 70% of patients, 
respectively. Later (≥ 3–5 years), when the sRA residues (∆) 
became zero (LC) or even negative (OLT), minimal DR 
values and numbers of deaths were seen (Fig. 3). 

3.3. Monitoring of Blood AFP
+
 Lph Committed to the Liver 

An increase in AFP+ CD31+ cells in the CD31+ Lph 
fraction of the blood was seen several months after OLT (Fig. 
4). 

 

Figure 4. AFP+ CD31+ Lph content in PB (y) from time elapsed since the 

start of therapy (x).  

Black, OLT; white, LC. Formulae of the approximated lines are shown in 
boxes: upper for OLT, lower for LC.  
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the initial decrease and cessation of deaths among liver 
recipients. In contrast, no statistically significant increase in 
AFP+ CD31+ cells in the CD31+ fraction was found for the LC 
group during the similar time period. The data in Figure 4 
show the commitment of some of CD31+ Lph to the transplant 
at ≥ 8 months after OLT, which may point to their positive role 
in the adaptation of the new organ to the new host. 
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4. Discussion 

4.1. OLT 

The early death of a considerable proportion of the liver 
recipients (A, 18%) at a high rate (k = 0.13 month-1) (Fig. 1) 
was associated with parameters close to those reported in 
[17] for a low-risk group of OLT patients (A = 12% and k = 
0.13 month-1). The deaths might be explained by the drop in 
sRA and the lack of trophic properties of the lymphocytes 
caused by strong anti-rejection therapy during the first 5–10 
months post-OLT (Fig. 3, left descending branch). This 
temporary period coincides with serious issues in 
engraftment, which include regeneration of the vascular net 
of the graft and its short-term adaptation to the feeding 
system of the host. Indeed, the regeneration of the 
transplanted liver is especially important in the first weeks 
after the surgical reconstruction of its blood supply [18]. Poor 
early survival in older liver recipients versus younger ones 
results from the weak regenerative capacity of the relatively 
frail host [19, 20]. Generally, stem cell therapy, even with 
autologous CD133+ cells, has been found to enhance 
angiogenesis and functional recovery in clinical trials for 
patients with chronic total occlusion and ischemia, 
myocardial infarction, hepatic fibrosis, liver, and bone 
regeneration [21]. Up to 50% of intrahepatic lymphocytes are 
immature, and reduction in their numbers coincides with an 
increase in the risk of “autoimmune frustration,” or a 
decrease in the so-called tolerogenicity of the organ [22]. 
From that perspective, the initial strong immunosuppressive 
therapy seems to be paid for in the suppression of sRA, 
which has to supply liver function by circulating BM cells 
committed to the new liver tissue, i.e., the natural mechanism 
of the new organ’s adaptation. 

As soon as the anti-rejection therapy is moderated, sRA 
values increase, as does the percentage of AFP+ CD31+ cells 
committed to the transplant tissue (Figs. 2b, 3, 4). The 
restoration of both parameters has long-term effects, 
coinciding with lack of deaths during the period from 10–12 
months up to 60 months. The sRA increase does not exceed 
the average level for healthy donors, but does provide an 
increase in CD31+ AFP+ lymphocytes specific to the grafted 
tissue. The specificity of enhancement is obvious because it 
is much higher than that in non-specific cases associated with 
physiological stress after surgery and subsequent long-term 
cytotoxic therapy in LC patients (Fig. 4). The data of [3] and 
those shown in Figure 4 indicate that over the long term, the 
transplant per se is a strong and specific stimulus for the 
normalization of the sRA level, together with mobilization of 
AFP+ liver-committed cells in the blood. The long period of 
increasing AFP+ committed cells under conditions of mild 
immunosuppression shows that adaptation of the transplant 
to the host may continue for many years in those who survive 
the immediate period after the operation (B, 82%). 
Nevertheless, slight decreases in both the number of 
circulating CD133+ Lph and the common mitotic activity of 
the descendant cells compared with healthy donors are seen 
during the years of continuing mild immunosuppression (Fig. 

2b). Thus, the data in Figure 3 (where ∆ sRA ≈ 0–8) may be 
interpreted as an increase in the viability of the engraft with 
recovery of the sRA value and the specificity of morphogenic 
CD31+ Lph to the new tissue. We suggest that the process of 
adaptation of the orthotopically transplanted organ in the host 
includes, at minimum, a long collaboration with the 
lymphocytopoietic branch of hematopoiesis. 

Endothelial cell adhesion molecule (CD31) is important in 
the process of leukocyte transmigration through intercellular 
junctions of vascular endothelial cells and in supporting the 
capacity of lymphocytes to move into and through 
extralymphoid tissue. The phenotypic profile of the youngest 
resident hepatic stem cells (HepSCs) does not include AFP or 
any marker for hematopoietic (CD34 and CD45) or 
endothelial (VEGFr and CD31) tissues, apart from the 
CD133 molecule [23]. That is why they are hardly a target 
for AFP+ СD31+ cells. Immature unipotent hepatoblasts, 
which expand during regenerative processes in the liver, have 
an antigenic profile, with strongly positive expression of both 
CD133 and the hepatic-specific AFP marker, but they lack 
the CD31 marker [24, 25]. Thus, they are likely to target 
CD133+ AFP+-committed migrants [3] or CD133+ VEGFR2+ 
angiogenic cells [26]. The AFP-homing of committed CD31+ 
lymphocytes may be more related to resident progenitor 
hepatic cells because only they are AFP positive [27]. 
Circulating blood CD31+ T lymphocytes also have 
vasculogenic potency [28]. AFP, which is delivered by 
CD31+ AFP+ and/or CD133+ AFP+ cells, may stimulate 
angiogenesis in target tissues [25, 27]. Silencing of AFP 
expression reduces hepatic VEGF expression significantly 
[29]. 

Unfortunately, collaboration in the BM-graft axis in the 
earliest period is subject to conflict created by strong 
immunosuppressive therapy between anti-rejection gain and 
bodily harm. According to the data in Figures 1a, 2b, and 3, 
OLT is typically successful for only those cases (C, 82%) 
where the sRA parameter has recovered at least to the normal 
(healthy) level after its earlier substantial decrease. Taken 
together, these data indicate the value of a normal mitotic 
regime in the lymphopoietic branch for somatic prosperity 
and life. We found no argument for any waste of the 
reproductive potency of lympocytopoiesis in long-lived 
patients, as they do not show sRA values in excess of normal. 
The data largely confirm the harmfulness of artificial sRA 
reduction for viability in OLT patients, as well as in others 
with a non-malignant regeneration pathology. Nevertheless, 
the relatively short orthotopic liver graft survival (≈17.8 
years) in ≈57-year-old recipients [16] may reflect a deficit 
rather than natural longevity, as the average remaining life 
expectancies for Americans who reach the age of 75 (i.e., 57 
+ 17.8) are 11 and 12.2 years for men and women, 
respectively [30]. This supposed deficit in life span for 
recipients might be a result of long-term immunosuppressive 
treatment [31]. 

4.2. LC 

Our results show that treated LC patients live nearly as 
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long as those reported by the Surveillance, Epidemiology and 
End Results (SEER) database of the National Cancer Institute 
for treated bronchioloalveolar carcinoma: 28%, in the United 
States; 1-year survival, 29.1% and 5-year survival, 4.4% 
[32]. Thus, the treatment’s benefit coexist with the 
abnormally high sRA and the high death rate (DR, 0.17 
month-1) of more than 2/3 of all patients (Table 1, A = 69%; 
Fig. 1b). Such fatalities due to the overtaxing of Lph 
reproduction are not explained by speculation about 
enhancing immune defenses during the repopulation of 
circulating Lph after conventional myelosuppressive therapy 
[33]. Anti-tumor immune enhancement also does not explain 
the reduction in DR (from k = 0.17 to λ = 0.046) when the 
positive vector ∆ of the sRA-dynamic becomes zero between 
18.7 and 43.3 months in LC therapy (Fig. 3). 
Overcompensated sRA among descendant cells is a result of 
a deficit in circulating CD133+ Lph (Fig. 2a), and points 
instead to the ability of young Lph to potentiate proliferation 
in different tissues, including malignant ones [3]. The 2–9-
fold “reproductive supertension” of CD133+ progenitors 
(sRA) relative to the healthy level, together with a high DR 
(k = 0.17), may be more explicable if the young Lph support 
the proliferation of not only normal but also malignant cells. 
This seems realistic because, although on the one hand, 
myelosuppression (Fig. 2a) is inseparable from the benefit of 
cancer therapy [34, 35, 36, 37], on the other hand, it is related 
to the life-threatening complication of conventional cytotoxic 
chemoradiotherapy, especially for patients with already 
exhausted hematopoietic resources as a result of HSC 
numbers and Hayflick’s limit. 

The shortage of hematopoietic resources in a fatal LC case 
may be caused by accelerated gradual wasting long before the 
start of treatment. In this view, there is a (more than three-fold) 
decrease in the frequency of lymphoid progenitor cells with age, 
accounting for lymphoid deficiency in elderly individuals [38]. 
Thus, the strong and long-term reduction in the percentage of 
CD133+ Lph with age and beyond that in malignant patients 
(Fig. 2a vs. Fig. 2b), can be considered a direct consequence of 
the accelerated aging of the body of the LC host. 

At the same time, artificial hematodepression induced by 
cytotoxic therapy in cases of malignant disease may be a 
two-edged sword. It beneficially limits a trophic BM-
malignant tissue axis, but it ultimately restricts the axis with 
normal tissues of the host, too. The naturally and slightly 
depleted production of young lymphocytes during thymus 
involution with age is accompanied by temporary retardation 
of the cancer death rate in human populations [9]. In this way, 
moderate post-treatment lymphocytopenia may contribute to 
the common benefits of cytotoxic therapy. However, 
depending on the initial (basal) capacity for poiesis in an 
individual patient, it may be deadly [34, 37, 39, 40]. Earlier, 
based on a dog population irradiated throughout life with low 
daily doses, which are harmful to the productive function of 
the BM, we argued that the lower the capacity of BM to 
provide proliferation in normal tissues is, the shorter the life 
span will be and the fewer newly registered solid 
malignancies will occur [41]. 

One reason for early somatic frailty incompatible with life in 
cancer patients (i.e., cachexia) seems to be the privilege of 
quasi-embryonic malignant tissues to use morphogenic cells 
from BM for their own cellular renewal, even in the absence of 
cytotoxic treatment. The abnormal increase in sRA (Fig. 2a) 
may be a universal insurance mechanism, an attempt to 
support the number of morphogenic Lph in circulation during 
an emergency, by analogy to telomerase at a molecular level. 
This mechanism in LC rather points to the inability of the 
therapy to suppress cancer promotion by young Lph, even if a 
substantial reduction in the number of CD133+ progenitors is 
apparent. Thus, a supernormal sRA value in malignant disease 
might be interpreted as a predictor of lifespan reduction due to 
the enormous waste of morphogenic potency aimed at 
providing physiological longevity, which is naturally limited. 
Beyond this, a supernormal sRA value may be a measure of 
resistance to cytotoxic / myelosuppressive therapy. 

The damage caused by deficit of morphogenic potency 
seems to have a biological characteristic in that it can be traced 
to biomass reproduction in the human fetus. Early life 
reproduction and more births are associated with increased 
mortality risk and reduced survival in humans [42, 43]. The 
normally uncomplicated second and third trimesters of human 
pregnancy are accompanied by strong natural overproduction 
of double-positive CD34+ VEGFR+ and CD133+ VEGFR+ 
blood cells. A decline in the numbers of these cells in the third 
trimester has been associated with preeclampsia [44]. 
Preeclampsia leads to substantial widespread endothelial 
damage, and is a leading cause of pregnancy-related death. 
The only definitive treatment for preeclampsia is termination 
of the pregnancy and delivery of the fetus and placenta. [43]. 
By analogy, the quasi-embryonic nature of malignant tissues 
makes them privileged and preferred targets for circulating 
morphogenic cells, reproduction of which in the BM may be 
accelerated and then rapidly and completely exhausted during 
times of disease that are much longer than the 9 months of the 
natural limit for the accelerated biomass gain in pregnancy. 
Taken together, the data in Figure 3 reflect the duality of the 
sRA parameter for viability, as it depends on domination of 
one of two threats to life: a deficit in morphogenic activity in 
OLT or an excess in malignant growth. This hypothesis seems 
the best way to explain the results obtained. 

5. Conclusions 

Long-term enhancement of the specific reproductive 
activity (sRA) of CD133+ progenitor Lph has opposite effects 
on lifespan in treated patients with OLT or LC. Subnormal 
sRA in patients after OLT and excessive sRA in LC patients, 
compared with a healthy level, were associated in both with 
high death rates and low survival, coinciding with strong 
immunosuppression due to anti-rejection and anti-cancer 
therapies. The findings here may be more easily explained by 
the morphogenic activity of circulating lymphocytes, targeted 
toward both normal and malignant tissues, than in terms of 
cellular immunity. sRA changes may be a useful indicator for 
monitoring the potential for engraftment or tumor growth. 
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